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PREFACE    TO   SECOND   AND 
THIRD   EDITIONS 

The  second  edition  of  this  volume  was  long  overdue,  and  its  appearance 
delayed  by  the  many  pre-occupations  of  the  authors,  including  their 
service  with  the  Royal  Army  Medical  Corps  during  the  War.  In  some 
ways,  this  was  not  without  benefit  to  the  work,  as  they  were  thus 
enabled  to  incorporate  much  of  the  new  and  valuable  experience  gained 
during  and  after  the  War  by  themselves  and  others. 

The  whole  has  been  largely  rewritten;  and  new  matter  of  importance 
has  been  added,  e.g.  the  chapter  on  Fever.  As  in  the  first  edition, 
free  use  has  been  made  of  the  published  work  of  others,  and,  wherever 
possible,  suitable  acknowledgement  of  such  sources  has  been  made. 
We  are  specially  indebted  to  Dr.  John  Milroy,  of  Queen's  College, 
Belfast,  for  the  thorough  revision  of  the  sections  dealing  with  Chemistry, 
physiological  and  pathological :  to  Professor  Ernest  Glynn,  of  Liverpool 
University,  for  notes  on  the  Pathology  of  the  Suprarenal  Glands  :  and  to 
Dr.  James  Dawson,  Royal  College  of  Physicians'  Laboratory,  Edinburgh, 
for  permission  to  use  the  beautiful  illustrations  of  his  Gold  Medal  Thesis 
on  Inflammation.  Mr.  Richard  Muir,  of  the  Pathological  Department, 
Edinburgh  University,  has  again  given  us  his  invaluable  help  with  the 
photo-micrographic  and  coloured  illustrations;  whilst  the  naked-eye 
photographs  are  almost  entirely  the  work  of  one  of  the  authors 
(W.E.C.D.).  Many  friends  have  helped  us  with  proof-reading,  and,  in 
this  connection,  Professor  Beattie  wishes  especially  to  thank  Miss  Thirza 
Redman,  M.Sc.  (Lond.),  one  of  his  assistants  :  and  Dr.  Carnegie  Dickson 
gratefully  acknowledges  the  help  of  Dr.  J.  Browning  Alexander  and 
Dr.  F.  W.  Hamilton,  and  of  his  assistants,  Miss  M.  Irene  Wilson  and 
Mr.  Arthur  Griffin. 

For  the  third  edition,  as  a  matter  of  convenience,  the  two  original 
volumes,  General  and  Special,  have  now  been  published  both  separately 
and  also  incorporated  into  a  single  volume,  and  certain  minor  alterations 
and  additions  made  to  bring  the  work  up  to  date. 

Since  the  appearance  of  the  first  edition  of  this  work,  we  have  to 
record  with  deep  regret  the  passing  of  him  to  whom  it  is  dedicated,  our 
old  teacher,  "  chief,"  and  friend,  William  Smith  Greenfield,  whose  name 
will  live  as  one  of  the  great  British  Pathologists — perhaps,  indeed,  the 
father  of  modern  British  Pathology. 

J.  M.  B. 
W.  E.  C.  D. 

August  1921 

ami 
March  1925. 


PREFACE   TO   FIRST  EDITION 

If  any  excuse  were  necessary  for  adding  another  to  the  many  textbooks 
of  Pathology,  it  would  be  found  in  the  fact  that  the  present  volume  is 
based  on  the  teaching  of  the  Edinburgh  school.  This  school,  in  which 
the  first  chair  of  Pathology  in  the  United  Kingdom  was  founded,  has  sent 
its  teachers  and  students  to  all  parts  of  the  world,  and  thus  of  necessity 
has  had  a  considerable  influence  in  moulding  pathological  opinion.  In 
spite  of  this,  some  fundamental  points  which  have  been  taught  in  Edin- 
burgh for  years,  and  which  are  founded  on  careful  experimental  investi- 
gations, combined  with  a  very  extensive  experience  in  human  morbid 
anatomy  and  morbid  histology,  have  not,  we  think,  received  sufficient 
attention.  To  mention  only  two  points — on  infarction  much  is  yet 
taught  which  is  quite  in  opposition  to  experimental  investigations ;  and 
the  relation  between  certain  diseases  of  the  kidney  and  arterial  degenera- 
tion seems  to  be  very  imperfectly  understood. 

The  book  is  intended  primarily  as  a  textbook  for  medical  students 
and  practitioners,  and  we  have,  therefore,  dealt  fully  with  the  more 
important  and  fundamental  points  in  Pathology,  and  have  either  omitted 
altogether  or  dealt  very  briefly  with  rare  and  unimportant  conditions. 
Minute  microscopic  anatomy  of  abnormal  structures  and  tissues  has  been 
dealt  with— though  sometimes  briefly,  for  we  fully  recognise  that  no 
descriptive  writing  can  be  substituted  for  the  actual  specimen  and  the 
microscope,  and,  moreover,  the  subject  is  fully  dealt  with  in  textbooks 
on  Morbid  Anatomy  and  Histology.  In  dealing  with  animal  parasites, 
much  of  the  minute  morphology  has  been  omitted.  Bacteriology  is  so 
well  dealt  with  in  the  many  excellent  textbooks  now  published,  that, 
important  as  it  is  to,  and  inseparable  though  it  be  from,  Pathology,  we 
have  omitted  it  altogether  as  a  separate  subject. 

We  have  especially  to  thank  our  old  teacher  and  chief — Professor 
Greenfield,  of  Edinburgh  University — for  placing  the  notes  of  his  lectures 
at  our  disposal.  At  his  suggestion  the  work  was  undertaken,  and  without 
his  hearty  co-operation  and  the  benefits  of  his  wide  experience  it  would 
have  been  impossible  for  us  to  undertake  it.  To  acknowledge  his  help  is 
to  us  a  pleasure,  but  it  is,  perhaps,  even  a  greater  pleasure  to  have  the 
opportunity  of  again  bringing  forward  views  founded  on  the  results  of 
careful  observation  and  experiment,  which  he  has  previously  published 
and  taught  for  many  years,  but  which  have  not  received  the  attention 
and  recognition  which  they  merit. 
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The  compilation  of  a  complete  bibliography  lias  not  been  attempted, 
though  reference  has  been  made  to  Borne  of  the  more  important  papers 
consulted.  We  have  made  free  use  of  the  standard  textbooks  on 
pathology  and  medicine,  and  would  specially  acknowledge  our  indebted- 
ness to  the  papers  on  "Inflammation,"  by  Professor  Adami ;  on 
"Protozoa,"  by  Professor  Minchin;  and  on  "Parasitic  Worms,"  by 
Hanson  and  Shipley,  in  the  "System  of  .Medicine, "  by  Allbutt  and 
Kolleston;  and  also  to  Max  Brauifs  "  Animal  Parasites  of  Man." 

Almost  all  the  illustrations  are  new.  and  are  from  specimens  either 
specially  prepared  by  or  for  us.  or  kindly  lent  for  this  work.  The  great 
majority  of  the  photo-micrographs  are  the  work  of  Mr.  Pochard  Muir, 
Demonstrator  of  Pathological  and  Bacteriological  Methods  in  the 
University  of  Edinburgh,  and  we  desire  to  thank  him  for  the  care  and 
trouble  he  has  taken  in  their  selection  and  preparation,  the  majority  of 
the  microsco] >ical  specimens  being  from  his  private  collection.  The 
photographs   of   practically    all   the   naked-eye   specimens   were   taken 

onally  by  one  of  us  (W.E.C.D.),  and,  where  not  otherwise  acknow- 
ledged, are  from  specimens  in  his  own  private  collection. 

We  have  also  to  thank  Professor  Cunningham,  Curator  of  the  Edinburgh 
University  Anatomical  Museum,  and  the  Fellows  of  the  Royal  College 
of  Burgeons,  Edinburgh,  for  permission  to  use  specimens  in  their  museum 
collections;  Mr.  Henry  Wade,  F. P. C.S.Ed.,  Conservator  of  the  Museum 
of  the  Royal  College  of  Surgeons,  Edinburgh,  to  whom  we  are  indebted 
for  the  use  of  several  specimens  from  his  private  collection,  for  purposes 
of  illustration  ;  to  Mr.  Wade  our  thanks  are  also  due  for  his  kind  assistance 
in  revising  the  chapter  on  Tumours  ;  to  Professor  T.  H.  Milroy,  of  Belfast, 
for  his  help  in  certain  parts  of  the  book  dealing  with  problems  of  chemical 
physiology  ;  to  Dr.  W.  E.  Marshall,  of  the  Lister  Institute  of  Preventive 
Medicine,  lor  suggestions  in  regard  to  parts  of  the  chapter  on  Immunity; 
and  to  Dr.  Ash  worth,  Lecturer  on  Invertebrate  Zoology,  Medical  Ento- 
mology, and  Protozoology  in  the  University  of  Edinburgh,  for  revising 
the  chapter  on  Animal  Parasites. 

iv,  it  is   a  pleasure  to  acknowledge  the  uniform  kindness  and 
courtesy  which  we  have  received  from  our  Publishers  in  connection  with 
this  work,  and  we  thank  them  for  the  great  care  which  they  have  1 
upon  its  production. 

J  M.  B. 
W.  E.  C.  D. 

her  1908. 
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GENERAL    PATHOLOGY 

CHAPTER  I 

THE   CELL  IN   HEALTH  AND   DISEASE 

"  Omnis  cellula  e  cellula." — Verchow. 

The  tissues  of  the  animal  body,  as  well  as  those  of  vegetable  organisms 
are  composed  of  cells  and  their  products,  and  it  is  therefore  essential  that 
for  the  study  of  the  tissues  in  health  and  in  disease,  the  elementary  facts 
concerning  cell  structure  and  function  should  be  understood  as  thoroughly 
as  our  present-day  optical  instruments  and  knowledge  of  optics  and 
chemistry  will  permit.  As  the  methods  at  our  disposal  become  less  im- 
perfect with  every  advance  in  biological  chemistry  and  in  the  construction 
of  the  microscope  and  its  accessories,  we  may  hope  to  penetrate  further 
into  the  as  yet  little  known  mysteries  of  cell-life. 

In  the  study  of  all  physiological  and  pathological  processes,  we  must 
(at  all  events  until  our  knowledge  of  the  more  intimate  structure  of  proto- 
plasm, and  of  the  still  smaller  units  of  which  it,  in  turn,  is  built  up,  becomes 
more  advanced)  regard  the  cell  as  the  ultimate  biological  unit — at  the 
same  time  a  unit  of  structure  and  a  unit  of  function — however  complex 
the  tissue  or  organ  built  up  of  these  cell-units  may  be.  This  great  truth 
was  first  put  forward  by  Schleiden  in  1838,  and  by  Schwann  in  1839,  but 
it  was  not  until  after  the  publication  of  Virchow's  epoch-making  work  on 
Cellular  Pathology  in  1858  that  these  fundamental  facts  were  generally 
accepted  in  the  realm  of  pathology,  and  it  was  recognised  that  all  the 
functions  of  the  body  are  the  result  of,  and  are  dependent  upon,  the  sum 
of  the  varied  activities  of  the  innumerable  cell-units  of  which  the  body  is 
built  up. 

GENERAL  MORPHOLOGY  OF  THE  CELL 

As  above  indicated,  a  multicellular  organism,  whether  plant  or  animal. 
may  theoretically  be  regarded  as  a  vast  colony  of  unicellular  units,  but 
it  is  only  in  a  very  limited  sense  that  the  individual  tissue-cell  can  be 
looked  upon  as  an  independent  unit.  All  grades  of  independency- — or 
perhaps,  more  accurately,  inter-dependency — may  be  found,  from  the 
highly  differentiated  and  fragile  nerve-  or  secretory-cell,  which  may  die 
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almost  immediately  after  removal  from  its  normal  environment  where 
other  cells  or  their  products  minister  to  its  wants,  up  to  the  all  but  inde- 
pendent leucocyte,  which  may  live  for  hours,  or  even  days,  if  kept  in 
suitable  surroundings  after  it  has  been  removed  from  the  living  body. 
But  even  the  wandering  phagocyte,  which  may  be  thus  kept  alive  experi- 
mentally ill  vitro,  cannot  truly  be  regarded  as  an  independent  unicellular 
organism,  and  it  soon  perishes  from  lack  of  suitable  nutriment  which 
should  be  elaborated  for  its  use  by  other  specialised  cells  of  the  body,  or 
it  U9  poisoned  by  effete  substances  of  its  own  formation  which  should  be 
removed  bv  the  highly  endowed  cells  of  the  excretory  organs,  co-operation 
bring  essential  to  the  common  welfare.  It  is,  therefore,  more  profitable 
"  to  regard  the  organism  as  the  individual,  with  a  common  life  running 
through  it  all,  and  the  cells  not  as  units  of  which  it  is  built  up,  but  rather 
arts  into  which  it  is  divided  in  order  to  provide  for  the  necessary 
division  of  labour  involved  in  so  complex  a  process  as  life.  The  con- 
ception of  the  cell  thus  remains,  but  no  longer  requires  or  is  capable  of 
the  strict  definition  that  was  needed  when  the  word  was  supposed  to 
represent  a  fundamental  biological  entity."  1 

The  cell-units  of  the  body  differ  widely  from  one  another  in  structure 
and  in  function  in  the  different  tissues  and  organs  of  the  body,  but  in 
many  ways  even  the  most  divergent  types  of  cell  have  much  in  common, 
at  id  we  may,  as  it  were,  picture  to  ourselves  an  ideal  representative  cell 
which  may  be  studied  and  discussed  as  the  common  type  of  all. 

Such  a  cell  maybe  defined  as  an  organised  mass  of  living  matter  forming 
the  morphological  and  functional  unit  from  which  the  tissues  are  built 
up,  or  into  which  they  are  divided — the  older  definition  of  the  cell  as 
a  "  nucleated  mass  of  protoplasm  "  being  scarcely  wide  enough  in  all 
its  applications. 

In  shape,  the  animal  cell  varies  indefinitely  with  such  factors  as  the  type 
of  tissue  in  which  it  occurs,  the  density  and  nature  of  the  surrounding 
structures,  etc.  It  may  be  round  or  oval,  spindle-shaped,  cylindrical  or 
polygonal,  or  entirely  irregular;  and  very  many  types  of  cell  from  time 
to  time  change  their  outline,  not  only  with  their  growth,  but  with  varia- 
tions in  their  functions.  This  is  true  not  only  of  such  cells  as  muscular 
fibres  or  the  amoeboid  leucocyte,  where  it  is  a  well-established  fact,  but 
it  is  also  characteristic  of  nerve-  and  endothelial-cells  and  many  others, 
when-  its  occurrence  is  not  so  widely  recognised. 

Protoplasm,  the  essential  material  of  which  the  cell  is  composed,  and 
in  which  the  physical  manifestations  of  the  vital  processes  which  are 
carried  on  in  it  occur,  is  a  soft,  viscid,  colourless,  transparent  or  translucent 
substance,  composed  of  two  distinct  structural  elements,  a  delicate  fibrillar 
or  thread-like  reticulum,  the  spongioplasm,  in  the  meshes  of  which  is 
contained  the  hyaloplasm,  a  clear,  fluid-like  substance,  which  is  probably 

1  Doncftster,  "An  Introduction  to  the  Study  of  Cytology,"  Cambridge   University 
i,  1920,  p.  3. 
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a  more  or  less  passive  nutrient  material  for  the  nourishment  of  the  living 
protoplasmic  network.  The  latter  may  be  rendered  much  more  apparent 
by  the  use  of  certain  chemical  reagents,  such  as  a  weak  solution  of  hydro- 
chloric or  acetic  acid ;  and  it  was  formerly  a  much-debated  question 
whether  the  reticulated  appearance  of  protoplasm  was  not  an  artefact 
produced  by  the  various  methods  of  fixation  employed  in  the  study  of 


• 


### 


*& 
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Fig.  1. — Diagrammatic  Representation  of  Cell-Structure.     (After  Wilson.) 

a.  Cell-wall  or  membrane. 

b.  Cytoreticulum  or  spongioplasm,  containing  the  hyaloplasm  in  its  meshes. 

c.  Endoplasm. 

d.  Plastids  or  protoplasts. 

e.  "  Vacuole."     e'.  Digestive  "  Vacuole,"  containing  partially  digested  cell-inclusion. 
/.  Metaplasm  (granules  of  pigment,  ingested  food,  etc.). 

h.  Nuclear  membrane. 

i.  "  Net-knot  "  or  karyosome. 

k.  Nuclear  Network,  consisting  of  chromatin  and  linin,  and  enclosing  in  its  meshes 

the  nuclear  hyaloplasm  or  karyolymph  (j). 
I.  Nucleolus  or  plasmosome. 
m.  Astral  system,  containing  divided  centrosome. 


the  cell.  A  few  authorities  still  adhere  to  the  view  expressed  in  1892 
by  Butschli,  that  the  reticular  appearance  is  due  to  a  foam-like  structure 
produced  in  a  mixture  of  two  liquids  of  different  degrees  of  viscosity,  i.  e. 
an  emulsion;  but  the  majority  of  cytologists  agree  that  the  reticulum 
actually  exists  during  life,  and  that  it  is  the  most  highly  organised  con- 
stituent of  protoplasm,  in  which  its  vital  processes  have  their  physical 
basis. 

This  spongioplasmic  reticulum  is  rendered  mere  evident,  not  only  by 
the  use  of  certain  artificial  fixatives,  but  also  during  some  of  the  changes 
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,   in  the  pi'  oell-division  by  mitosis,  and  in  Borne  diseased 

conditions  such  as  cloudy  swelling.     The  latter  condition  times 

cribed  as ';  an  incres  ularity  "  of  tin-  protoplasm,  a  term  which 

should  be  restricted  to  an  increase  in  the  number  of  true  cell-granules 
Mich  as  those  found  in  the  granular  series  of  leucoc]  1  should 

not  be  applied  to  the  condition  at  presenl  under  discussion,  where  the 

lies  and  nodal  points  of  the  network  have  merely   I  more 

evident. 

Into  the  still  undetermined  question  of  the  ultimate  structure  of  the 
spongioplasm  we  cannot  fully  enter  here,  and  it  is  sufficient  for  our  pn 
purpose  to  state  that  most  physiologists  hold  that  the  fibrillar subst 

is  not  homogeneous,  but  is  composed  of  cluster-  or  rows  of  certain  minute 

bodies  (variously  known  as  micellae,  microsomes,  bioblasts,  gemmules, 
etc.).  which  cannot  as  yet  be  demonstrated  by  the  powers  of  magnification 
at  our  disposal. 

The  spongioplasm  is  contractile  and  elastic,  and  may  be  the  seat  of 
wry  active  movements.  Sometimes  it  may  show  a  definite  arrangement 
in  parallel  rods  or  bundles,  as  in  the  so-called  striation  seen  in  some 
glandular  cells,  e.  (j.  in  the  salivary  glands,  kidney,  etc.  In  other  instances 
it  may  be  developed  into  special  fibrils,  such  as  those  seen  passing  through 
the  cytoplasm  of  nerve-cells,  or  into  motile,  thread-like  cilia  in  ciliated 
epithelium. 

Nucleus. — In  the  typical  metazoon  cell,  there  is  usually  a  single 
nucleus,  the  executive  centre  for  the  control  of  the  constructive  and 
functional  activities  of  the  cell, — a  more  highly  evolved  part  of  the 
protoplasm  found  in  all  except  the  lowest  living  forms. 

I  dine  cells,  for  example  in  those  of  the  liver,  especially  in  some  of 
the  lower  animals,  there  are  frequently  two  nuclei  present,  but  this  is 
-«ii.  rally  merely  evidence  of  as  yet  incomplete  or  imperfect  cell-division. 
In  another  important  series  of  cells,  for  example,  the  osteoclasts,  giant-cells 
and  other  cells  which  are  moat  commonly  concerned  in  the  local  absorption 
of  bone,  fibrous  tissue,  pathological  substances,  foreign  bodies,  etc..  and 
also  in  the  so-called  giant-cells  found  in  morbid  conditions  such  as 
tuberculosis  (tubercle  giant-cells),  tumours  (e.g.  the  "myeloplaa 
in  myelomas),  etc.,  large  numbers  of  nuclei,  often  several  dozen,  and 
sometimes  reaching  even  to  Beveral  hundreds,  may  be  found. 

The  shape  of  the  nucleus  vai  tly  in  different  cells,  not  only 

rding  to  the  class  of  tissue  to  which  they  belong,  and  at  different 

periods  of  t  heir  growth,  but  also  from  time  to  time  according  to  the  varia- 
tions in  the  >tate  of  functional  activity  of  the  cell.  In  .ally 
after  fixation  by   various  chemical  or  physical  methods,  the  nucleus  is 

daily  rounded  or  oval  in  outline,  and  rituated  approxi- 
mately in  the  centre  of  the  cell.  In  other  cases  it  is  indented  or  kidney- 
shaped,  or.  again,  it  may  be  highly  irregular  in  its  configuration,  as  in  the 
polymorphonuclear  leucocyte  of  the  bio. 
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One  of  the  most  complicated  nuclear  forms  is  that  found  in  the  mega- 
karyocytes or  giant-cells  with  hollow  basket-like  nuclei  found  in  the  bone- 
marrow.  Change  of  nuclear  configuration  in  a  developmental  series  of 
cells  is  well  exemplified  in  the  granular  myelocytes,  or  marrow-cells,  and 
in  the  transitional  myelocytes  formed  from  them  preliminary  to  the  de- 
velopment of  the  ordinary  polymorphonuclear  leucocytes  of  the  blood. 
Or,  again,  in  the  development  of  connective  tissue,  the  younger  or  so-called 
"embryonic"  actively  dividing  cells  are  rounded  in  shape  and  possess 
rounded  nuclei  large  in  proportion  to  the  size  of  the  cell.  These  cells 
first  enlarge  somewhat,  and  then  gradually  become  elongated  until  they 
assume  a  spindle-shaped  outline,  the  nuclei  undergoing  a  parallel  series 
of  morphological  changes  until  they  finally  assume  a  rod-like  shape.  An 
analogous  series  of  changes  may  be  observed  during  the  development  of 
young  muscle -cells. 

The  relative  position  of  the  nucleus  within  the  cell  is  of  some  import- 
ance, but  it  is  not  sufficiently  recognised  by  many  writers  that,  during  life, 
the  nucleus  may  actively  move  from  one  part  of  the  cell  to  another.  A 
beautiful  demonstration  of  this  may  be  seen  on  watching  the  behaviour 
of  the  large  mononucleated  leucocytes  in  a  warm-stage  preparation  of  the 
blood  from  a  case  of  malaria.  In  these  cells,  when  they  attack  one  of 
the  malaria  parasites,  very  active  movements,  both  of  the  nucleus  and 
of  the  cytoplasm,  may  be  observed ;  the  nucleus  may  be  seen  to  move 
about  actively  with  an  amoeboid  motion,  from  time  to  time  rapidly 
changing  its  position  within  the  cell,  whilst  in  the  cytoplasm  itself  stream- 
ing movements,  apparently  of  the  spongioplasm,  occur,  especially  in  the 
part  of  the  cell  nearest  to  the  parasite  which  is  being  attacked.  Changes 
in  the  position  of  the  nucleus  are  also  of  some  importance  in  connection 
with  the  process  of  cell-division,  whilst  an  eccentric  position  of  the  nucleus 
is  sometimes  characteristic  of  certain  degenerative  conditions,  e.g.  in 
some  degenerations  of  nerve-cells.  In  other  instances,  however,  too  much 
stress  should  not  be  laid  on  such  changes,  as  considerable  variations  in 
the  position  of  the  nucleus  may  occur  during  different  phases  of  cell-life 
and  activity. 

Structure  of  the  Nucleus. — In  the  ordinary  "  vegetative  "  condition  of 
the  nucleus — sometimes  very  misleadingly  called  the  "  resting  "  stage — in 
contradistinction  to  the  changes  which  will  be  discussed  later  under  the 
subject  of  cell-division  or  mitosis,  the  nucleus  presents  a  more  or  less 
definite,  typical  structure,  the  component  elements  of  which  may  be 
described  in  detail  as  follows  : — 

Nuclear  Membrane — a  thin,  very  delicate,  and  usually  quite  transparent 
structure  enclosing  the  nucleus,  and  composed  of  an  achromatic  substance, 
that  is  to  say,  a  substance  without  special  affinity  for  the  dyes  or  stains 
used  in  the  study  of  the  cell  under  the  microscope.  This  achromatic 
substance  is  possibly  allied  to  the  material  composing  the  Bpongioplasm  of 
the  cytoplasm,  and  to  linin  or  achromatin,  one  of  the  constituents  of  the 
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nuclear  network  referred  to  below,  some  authorities  regarding  all  three  of 
these  substances  as  merely  special  modifications  of  the  same  substance. 

Nuclear  Network.— -Tin*  body  or  interior  of  the  nucleus  is  composed 
of  a  reticulum  or  network,  in  the  i  f  which  lies  a  substance  variously 

(ailed  the  nuclear  hyaloplasm,  ground-substance,  nuclear  sap.  or  karyo- 
lymph.  In  the  nuclear  network,  the  filaments  are  composed  of  an  unstain- 
able  01  achromatic  substance  called  linin  or  achromatin,  along  the  course 
of  which  are  attached  or  embedded  granules  or  small  masses  of  a  material 
which  lias  an  intense  affinity  for  certain  dyes,  and  hence  is  called  chromatin, 
a  substance  of  extreme  importance,  which  will  be  more  fully  discussed 
later  under  cell-division,  cell-chemistry,  and  cell-degeneration.  For  the 
present  it  is  sufficient  to  say  that  this  chromatin  or  nuclein  is  a  very 
complex  substance  compounded  of  albumin  and  nucleic  acid,  an  organic 
acid  very  rich  in  phosphorus  and  nitrogen.  At  the  nodes  or  junctions 
of  1  he  nuclear  network,  the  chromatin  is  sometimes  aggregated  into  larger 
masses  which  stain  deeply,  and  are  termed  net-knots  or  karyosomes. 
These  are  not  separate  structures ;  they  stain  intensely,  as  does  the  rest 
of  the  chromatin,  wdth  the  basic  or  nuclear  dyes;  and  must  be  very 
carefully  distinguished  from  nucleoli  or  plasmosomes,  the  staining  affinity 
of  which  is  for  the  protoplasmic  or  acid  dye. 

The  nuclear  hyaloplasm — sometimes  also  called  the  nuclear  ground- 
substance,  nuclear  sap,  or  karyolymph — is  a  clear  fluid  substance,  probably 
chiefly  nutrient  in  its  functions,  and  usually  structureless  in  appearance, 
though  sometimes  a  very  fine  fibrillar  or  granular  structure  may  be  seen 
in  it. 

The  nucleolus  or  plasmosome  is  a  structure  which  is  found  embedded 
or  suspended  in  the  nuclear  network.  It  is  usually  single,  but  frequently 
two,  and  sometimes  three,  four,  or  even  five,  of  these  structures  may  be 
found  in  one  nucleus.  It  has  been  averred  by  some  authorities  that  the 
nuclei  of  certain  cells,  e.g.  the  small  lymphocyte,  do  not  possess  nucleoli, 
but  this  is  almost  certainly  an  error,  as  in  most  cases  it  is  not  difficult  to 
demonstrate  their  presence  if  suitable  staining  reagents  be  employed, 
though  in  the  case  of  the  erythroblast  or  nucleated  red  corpuscle  success  in 
this  direction  has  not  yet  been  attained.  As  already  stated,  the  nucleolus 
is  essentially  an  oxyphil  structure,  staining  with  the  acid  or  protoplasmic 
dyes.  Thus,  if  the  preparation  is  stained  with  a  suitable  mixture  of  acid 
and  basic  dyes,  e.g.eosm  and  ha3matein,or  eosin  and  methylene  blue,  the 
protoplasm  and  the  nucleoli,  being  oxyphil  in  their  reaction,  stain  a  bright 
red  colour,  while  the  basophil  chromatin  takes  up  the  basic  dye  and  is 
stained  an  intense  blue  (Plates  III.  and  IV.).  The  nucleolus,  which  may 
be  rounded  or  somewhat  irregular  in  its  outline,  usually  contains  towards 

•ntre  a  minute  unstainable  spot,  the  endonucleolus,  the  signifies 
of  which,  as  indeed  also  that  of  the  nucleolus  itself ,  is  as  yet  unknown. 

The  centrosomeisabodyof  great  importance  in  relation  to  cell-division 
and  will  be  again  referred  to  in  that  connection.     It  is  occasionally  found 


THE  CELL  IN  HEALTH  AND  DISEASE  7 

inside  the  nucleus,  but  is  more  usually  situated  in  the  cytoplasm,  just 
outside  the  nuclear  membrane. 

The  cell-body  or  cytoplasm  is  composed  of  protoplasm,  a  brief  account 
of  the  visible  structure  of  which  has  already  been  given  (p.  2).  In  the 
cytoplasm  we  may  distinguish  the  cytoreticulum  or  spongioplasm,  and  the 
hyaloplasm  or  more  fluid  substance  lying  in  its  meshes. 

In  some  animal  cells,  more  especially  in  certain  of  the  primitive  uni- 
cellular organisms,  the  cytoplasm  may  shew  differentiation  into  distinct, 
more  or  less  concentric,  zones  :  an  inner,  less  highly  differentiated  zone 
immediately  around  the  nucleus,  termed  the  endoplasm;  and  an  outer 
zone,  the  ecto-  or  exo-plasm,  in  which  most  of  the  so-called  "  cell-organs  " 
and  other  highly  differentiated  structures,  such  as  cilia,  fibrils,  etc.,  are 
found;  though  some  of  the  latter,  e.g.  nerve-fibrils,  have  of  late  been 
described  as  passing  right  through  the  endoplasm  and  even  through  the 
nucleus  itself.  This  differentiation  into  cytoplasmic  zones  is  very  well 
seen  in  the  case  of  the  giant-cells  or  megakaryocytes  of  the  bone-marrow. 

Embedded  in  the  cytoplasm,  numerous  more  or  less  differentiated 
structures  may  be  found  in  different  varieties  of  cell.  Some  of  these 
structures  may  be  "  cell-organs  "  in  varying  degree  vital  to  the  life  and 
functions  of  the  cell,  whilst  others  may  be  merely  passive  bodies  such  as 
waste-  or  by-products,  included  or  ingested  foreign  substances,  food 
and  other  material  stored  up  for  future  use,  etc.  Reference  may  here 
be  made  to  the  more  important  of  these  structures.     [See  fig.  1,  p.  3.) 

Centrosome  and  Attraction-Sphere. — The  centrosome  has  been  called 
the  dynamic  centre  for  the  reproductive  activities  of  the  cell,  as  it  is  the 
structure  which  leads  the  way  in  mitotic  division.  It  is  usually  situated 
in  the  endoplasm  or  innermost  zone  of  the  cytoplasm,  immediately  outside, 
and  often  towards  one  pole,  of  the  nucleus.  Sometimes  it  is  single,  but 
more  commonly  there  are  two  centrosomes  placed  close  together,  and 
surrounded  by  a  common  envelope  known  as  the  centrosphere  or  attrac- 
tion-sphere, from  which  delicate  thread-like  rays  may  be  seen  radiating 
into  the  surrounding  protoplasm,  especially  when  the  process  of  cell- 
division  is  about  to  begin,  forming  the  so-called  astral  system  of  the 
centrosome.  In  the  vegetative  condition  of  the  cell,  the  centrosomes  lie 
passively  side  by  side  within  the  centrosphere;  but  with  approaching 
nuclear  division  they  diverge  from  one  another,  each  taking  up  its  position 
at  one  of  the  poles  of  the  dividing  cell,  and  becoming  the  centre  of  the  aster 
towards  which  the  dividing  elements  of  the  original  nucleus  are  drawn  to 
form  the  nuclei  of  the  daughter-cells.  In  nerve-cells,  and  possibly  also 
in  cells  in  which  the  centrosomes  have  not  yet  been  detected,  these  bodies 
are  situated  inside  the  nuclear  membrane.  In  the  giant-cells  or  mega- 
karyocytes of  the  marrow,  Heidenhain  has  described  the  presence  of  very 
large  numbers  of  centrosomes,  placed  in  the  endoplasm  enclosed  within 
the  hollow  basketwork  of  the  highly  complex  nucleus  characteristic  of 
these  cells. 
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Plastids  or  Protoplasts  are  structures  of  some  importance  in  this  con- 
nection, and  may  be  regarded  as  localise.  1  areas  of  the  cytoplasm  in  which 
special  function  has  led  to  the  development  of  special  "  cell-orga 
e.g.  for  the  production  or  transformation  of  starch,  etc.  These  are 
especially  characteristic  of  vegetable  cells,  but  analogous  bodies  are 
now  known  to  exist  in  limiiv.  if  net  in  all,  animal  cells.  To  these  the 
general  terms,  mitochondria,  chondriosomes,  or  plastosomes,  have  been 
given.  They  were  first  discovered  in  spermatogenetic  germ-cells,  but 
have  now  been  demonstrated  in  many  other  kinds  of  cell,  not  only  in  the. 
embryo,  but  also  in  adult  animals.  They  consist  of  granules  in  groups 
or  chains,  rodlets,  or  filaments,  or  sometimes  vesicles,  lying  in  the  cyto- 
plasm, usually  in  the  neighbourhood  of  the  nucleus.  Somewhat  analogous 
to  these  mitochondria,  are  the  chromidia  or  chromatin-bodies,  often 
well  seen  in  the  Protozoa,  especially  in  certain  phases  of  cell-activity 
or  division.  Another  form  of  cell-organ,  specially  observed  in  nerve- 
cells,  but  lately  also  found  in  other  types  of  cell,  if  not,  perhaps,  present 
in  all,  as  a  constant  cell-constituent,  is  the  internal  reticular  apparatus 
of  Golgi,  now  usually  known  as  the  Golgi-apparatus,  demonstrable  by 
silver-impregnation  methods,  or  by  prolonged  treatment  with  osmic 
acid.  This  apparatus  consists  of  a  network,  or  a  system  of  rodlets,  in 
the  cytoplasm  near  the  nucleus,  and  more  particularly  in  relation  to 
the  denser  protoplasm — the  archoplasm — around  the  centrosome.  Its 
nature  and  functions  are  not  yet  fully  understood,  though  various  changes 
are  observed  to  occur  in  it  during  cell-division.  Mitochondria  and  the 
Golgi-apparatus  of  daughter-cells  appear  to  be  directly  derived  from 
the  division  of  these  bodies  in  the  parent -cell.  These  various  cell-organs 
have  been  studied  in  great  detail  by  cytologists,  especially  in  relation 
to  problems  of  heredity;  and  it  is  not  improbable  that  their  fuller 
investigation  may  assist  in  elucidating  many  points  of  difficulty 
in  the  cytological  aspects  of  certain  pathological  processes — possibly 
throwing  some  light  upon  even  such  vexed  questions  as  the  aetiology 
of  cancer,  etc. 

"Vacuoles." — In  many  living  cells,  e.g.  in  leucocytes,  small,  clear, 
apparently  structureless  areas  may  often  be  observed.  These  are 
rather  erroneously  called  "  vacuoles,"  and  may  be  either 
temporary,  especially  in  very  actively  functioning  cells,  or  in  some 
cases  more  or  less  permanent  in  their  nature.  One  very  important 
form  of  "vacuole"  is  that  formed  around  a  foreign  body  or  particle 
which  has  been  englobed  or  taken  into  the  cytoplasm  of  the  cell  by  the 
process  known  as  phagocytosis.  A  clear  space  may  be  observed  round 
such  an  "  included  "  object  or  its  remains,  and  in  reality  constitutes  a 
little  stomach,  or  digestive  vacuole  as  it  is  called,  within  the  protoplasm,  in 
which  the  processes  of  intracellular  secretion  and  assimilation  go  on  in  a 
precisely  analogous  way  to  those  of  extracellular  peptic  and  other  forms 
of  digestion.    (See   under   Phagocytosis,  pp.  191-2.)     They  are  often 
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specially  well  seen  in  the  large  mononuclear  cells  or  macrophages  of 
inflammatory  exudates,  and  in  certain  protozoal  animal-parasites. 

Another  important  variety  of  "  vacuolation  "of  the  protoplasm, 
which  occurs  not  only  in  the  cytoplasm,  but  also  in  the  nucleus,  is  due 
to  degenerative  alterations  in  the  reticulum  in  disease.  This  will  be 
more  fully  dealt  with  later. 

Metaplasm,  e.  g.  products  of  secretion  and  excretion,  etc.,  may  be  found 
stored  temporarily  within  the  cytoplasm  until  they  are  required  by  the 
organism,  or  until  they  can  be  got  rid  of  by  excretion ;  whilst  in  other 
cases  the  so-called  "  granules  "  and  other  substances  appear  to  be  more 
or  less  permanent  constituents  of  the  cell.  In  the  former  of  these  groups 
may  be  placed  granules  or  globules  of  various  fatty  substances,  glycogen, 
and  other  food-elements.  The  secreting  cells  of  practically  all  glandular 
organs  contain  in  their  cytoplasm  numerous  granules  which  may  be 
demonstrated  by  appropriate  staining  methods,  for  example  that  of 
Richard  Muir.1  Other  cells  of  importance  in  this  connection  are  the 
granular  leucocytes  of  the  blood,  which  owe  their  present  classification 
to  the  size  and  staining  affinities  of  the  granules  in  their  protoplasm. 
The  precise  chemical  nature  of  these  granules  has  not  yet  been  determined, 
though  many  of  them  are  probably  compounds  of  albumin  with  other 
substances,  e.g.  in  the  form  of  nucleo-  or  gluco-protein  bodies,  etc.  It  is 
not  yet  absolutely  determined  whether  these  cytoplasmic  granules  are 
attached  to  the  cy  to -reticulum,  or  are  merely  situated  in  its  meshes. 

These  cell-granules  are  at  present  classified  very  roughly  into  groups, 
according  to  their  affinity  for  various  acid,  neutral,  and  basic  dyes  : — 

i.  Oxyphil  (also  called  eosinophil  or  acidophil),  with  affinity  for  the 
acid  or  protoplasmic  dyes. 

ii.  Basophil,  with  affinity  for  the  basic  or  nuclear  stains, 
iii.  Neutrophil,  with  no  special  affinity  for  either, 
iv.  Amphophil,  with  an  equal  affinity  for  both  acid  and  basic  dyes. 

Pigment-granules  and  particles  may  be  present  in  various  forms  in 
the  cytoplasm.  In  addition  to  the  normal  pigment  found  in  cells  of 
the  skin,  eye,  etc.,  coloured  matter  may  be  found  in  the  form  of 
included  or  englobed  foreign  particles,  or  it  may  be  a  by-  or  waste-product 
of  cell-activity,  etc.  The  presence  of  foreign  bodies  such  as  bacteria, 
and  other  parasitic  organisms,  blood-  and  other  cells,  etc.,  will  be  fully 
dealt  with  under  Phagocytosis;  and  the  presence  of  various  degeneration- 
products,  such  as  droplets  of  colloid  or  mucoid  material,  fat  and  oil,  etc., 
will  be  discussed  in  the  chapter  upon  Degenerations  and  Infiltrations. 
To  such  lifeless  and  inert  bodies  and  inclusions  in  the  cytoplasm  the 
term  metaplasm  is  applied. 

Cell-wall  or  membrane. — On  examining  sections  of  certain  vegetable 

tissues  such  as  pith  and  cork,  one  finds  them  to  be  built  up  of  innumerable 

1  Richard  Muir,  "  Laboratory  Notes,"  Journal  of  Pathology  and  Bacteriology, 
Edin.  and  Lond.,  June  1906,  p.  373. 
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minute  empty  spaces,  surrounded  by  very  definite  walls,  composed  chiefly 
of  cellulose.  Erroneously  regarding  the  walls  of  these  empty  spaces  as 
the  essential  components  of  a  living  vegetable  tissue,  the  oldei  histologics 
applied  the  term  "cell"  to  them,  looking  upon  the  protoplasm  which 
they  previously  contained  when  the  tissue  was  alive  and  growing  as  a 
mere  passing  nutrient  juice.  Later,  when  it  was  discovered  that  the 
protoplasm,  and  not  the  cell-wall,  was  the  essential  living  element  of  animal 
and  vegetable  tissues,  the  application  of  the  term  cell,  which  had  by  this 
time  become  too  firmly  established  in  scientific  nomenclature  to  be 
discarded,  was  simply  transferred  from  the  cell-wall  or  membrane  to  its 
more  essential  living  contents.  So  far  from  the  cell-membrane  being  an 
itial  component  of  the  animal  cell,  it  is  now  known  that  many  cells, 
e.g.  leucocytes  and  nerve-cells,  etc.,  have  either  no  cell-membrane  at  all, 
or  possess  on  their  surface  only  an  exceedingly  delicate  layer  of  specially 
adapted  protoplasm  representing  it  in  function  and  position. 

In  some  situations  there  may  be  direct  structural  continuity  of  the 
cytoplasm  of  adjacent  cells.  This  may  be  incomplete  or  partial,  as  in  the 
case  of  the  cells  of  the  Malpighian  layer  of  the  epidermis,  in  which  the  cell- 
bodies  or  neighbouring  cells  communicate  by  means  of  the  intercellular 
bridges,  giving  rise  to  the  prickle-like  appearance  characteristic  of  these 
cells ;  or,  again,  this  union  may  be  more  or  less  complete,  as  in  the  case  of 
the  so-called  syncytial  layers  or  masses  of  protoplasm,  which  possess 
numerous  nuclei,  but  have  little  or  no  differentiation  of  their  protoplasm 
into  separate  cell-units. 

The  cells,  however,  of  certain  of  the  tissues  may  possess  a  definite  cell- 
wall,  usually  formed  by  direct  transformation,  chemical  or  physical,  of 
t  In*  outer  layers  of  the  cytoplasm,  which  may  come  to  contain  such  special 
substances  as  keratin,  chitin,  chondrin,  collagen,  lime-salts,  etc.  In  some 
situations,  for  example  in  the  superficial  layers  of  the  epidermis,  what 
may  be  called  a  physiological  exaggeration  of  this  process  is  seen,  whereby 
the  whole  cell  becomes  changed  into  keratin,  i.  e.  is  transformed  into  a 
structure  or  material  corresponding  to  cell-wall  or  membrane,  for  the 
analogous  purpose  of  forming  a  protective  layer  or  covering  for  the  surface 
of  the  body.  In  certain  pathological  conditions  similar  changes  may  occur, 
eithei  in  normal  positions  but  in  an  exaggerated  degree,  or  in  altogether 
abnormal  situations.  Some  of  these  conditions  will  be  discussed  in  the 
Chapter  on  Degenerations  and  Infiltrations. 

CELL-DIVISION 

For   full  descriptions  of  the  highly  complex  subject  of  cell-division 
must  be  made  by  the  reader  to  special  works  upon  the  subj< 
but  the  question  has  such  important  bearings  on  certain  blanches  of 

1    For  example,  I..  Doncaster,  "An  Introduction  to  the  Study  of  Cytology,"  Cam- 
L920j    W.  E.   ^gar,  "  Cytology  with  Special  Reference  to  the 
Metazoan  Nucleus/'  BffaomiUan  &  Co.,  London,  1 
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Pathology  that  a  brief  outline  of  the  process  must  be  given  at  this  point, 
special  emphasis  being  laid  upon  certain  of  its  abnormal  or  pathological 
variations. 

Cell-division  may  take  place  under  the  action  of  various  forms  of 
stimulation,  physiological  and  pathological.  From  the  first  division  of 
the  impregnated  ovum  onwards,  it  is  a  phenomenon  of  tissue-growth 
and  maintenance.  In  some  cells,  for  example  in  the  haemopoietic  cells 
of  the  bone-marrow,  it  continues  more  or  less  actively  throughout  life. 
Nerve-cells,  on  the  other  hand,  probably  do  not  multiply  under  ordinary 
circumstances,  if  at  all,  after  an  early  period  in  life.  Many  types  of 
cell  are  capable  of  actively  proliferating  under  the  stress  of  any  special 
call  for  their  increased  activities — notably  connective-tissue,  endo- 
thelial, and  other  cells,  which  take  part  in  the  repair  of  tissues  after 
injury  or  damage  by  disease.  Into  the  complex  question  of  how  such 
stimuli  are  conveyed  to  the  cells,  and  how  they  act — whether  they 
are  of  chemical,  of  enzyme,  autacoid,  or  of  some  "  vital "  and  as  yet 
undiscovered  nature- — we  cannot  enter  here,  except  to  mention  merely 
one  hypothesis,  put  forward  by  some  writers — which  may  be  the  explana- 
tion of  one  of  many  causes  of  cell-division — that  there  is  a  "  normal 
optimum  ratio  "  between  the  bulk  of  the  cytoplasm  of  each  type  or 
class  of  cell  and  the  size  of  its  executive  centre,  the  nucleus.  When, 
in  the  course  of  growth,  the  cytoplasm  becomes  more  voluminous  than 
can  be  conveniently  administered* by  the  nucleus,  a  condition  of  "  karyo- 
plasmatic  strain  "  is  set  up,  leading  to  cell-division  and  consequent 
restoration  of  the  normal  nucleo-cytoplasmic  ratio — thus  preserving 
the  cell  from  degeneration  and  death. 

Allusion  has  already  been  made  to  the  doctrine  of  "  Omnis  cettula  e 
cellula  "  established  by  Virchow,  and  we  have  here  to  consider  the  process 
by  which  one  cell,  by  subdivision  of  its  own  substance,  gives  rise  to 
daughter-cells,  usually  two  in  number. 

Two  methods  of  cell-division,  by  karyokinesis,  or  movement  of  the 
nucleus,  are  described — direct  and  indirect.  It  is  still  an  open  question 
whether  direct  division  actually  does  occur,  and  phenomena  of  a  quite 
different  nature  may  be  mistaken  for  it.  It  is  said  to  be  characterised 
by  the  fact  that  the  nucleus  divides  without  the  preliminary  transformation 
of  the  nuclear  network  into  the  thread  or  spireme,  and  its  resolution  into 
chromosomes.  To  such  a  direct  method,  therefore,  the  term  amitosis 
has  been  applied.  It  is  said  to  be  brought  about  by  direct  fission  of  the 
nucleus  and  protoplasm,  and,  if  it  does  actually  occur  at  all,  is  so  extremely 
rare  in  its  occurrence  that  we  need  not  further  consider  it  here.  An 
apparent  process  of  direct  nuclear  division  may  be  easily  simulated  by 
certain  degenerative  conditions,  especially  that  known  as  karyorrhexis, 
for  example  in  the  case  of  nucleated  red  blood-corpuscles  in  the  bone- 
marrow,  or  in  the  circulating  blood,  in  the  latter  of  which  positions 
erythroblasts  undergoing  karyorrhexis  may  be  found  in  some  pathological 
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conditions,  such  as  pernicious  and  other  forms  of  anaemia,  myelogenous 
leukaemia,  etc.,  although  in  these  diseases  nucleated  red  cells  undergoing 
true  mitosis  may  also  occasionally  be  found. 

By  far  the  more  important,  and  certainly  in  the  higher  animal  and 
vegetable  cell  the  practically  universal,  method  of  cell-multiplication  is 
that  known  as  indirect  karyokinesis  or  mitosis,  so  named  from  the  essential 
part  which  the  formation  of  the  spireme  and  chromosomes  takes  in  the 
process. 

The  two  chief,  if  not  fundamental,  factors  in  this  mode  of  cell-multipli- 
cation are  (1)  the  arrangement  of  the  chromatin  into  loops  or  chromo- 
somes, and  the  cleavage  of  these  into  two ;  (2)  the  rearrangement  of  the 
subdivided  chromosomes  in  the  daughter-nuclei.  To  all  the  phenomena 
occurring  before  and  leading  up  to  the  division  of  the  chromosomes,  the 
term  Prophase  is  applied.  To  the  actual  splitting  of  the  chromatin -loops 
the  name  Metaphase  is  given.  This  is  followed  by  the  Anaphase,  during 
which  the  daughter-nuclei  are  built  up ;  and  the  process  is  completed  dur- 
ing the  Telophase,  in  which  the  cell-body  becomes  divided  into  two 
daughter-cells.  A  tabular  scheme  of  these  phases,  and  the  accompany- 
ing series  of  diagrammatic  figures,  may  aid  in  the  explanation  of  this 
complicated  process. 

MITOTIC  DIVISION 

1.  PROPHASE. — 1.  During  the  vegetative  period  of  cell-life  there  may 
be  only  one  centrosome  present,  but,  as  already  indicated,  division  of  this 
body  usually  long  precedes  the  further  processes  of  mitosis,  and  may  be 
looked  upon  as  the  beginning  of  a  potential  division  of  the  cell  which  may 
supervene  when  occasion  requires. 

2.  Division  of  the  centrosome  within  the  attraction -sphere.  This,  as 
we  have  just  said,  may  occur  during  the  vegetative  period,  or  even  during 
the  later  phases  (ana-  or  telo-phase)  of  the  previous  mitotic  division,  when 
the  cell  now  about  to  divide  was  itself  being  produced  as  a  daughter-cell. 

The  presence  of  two  centrosomes  is  therefore  quite  a  normal  occurrence 
during  t  he  vegetative  state  of  the  cell,  and  may  be  found  for  a  considerable 
period  before  any  further  signs  of  nuclear  division  supervene.  When  this 
lb  about  to  occur,  the  cent rosphere  usually  enlarges  somewhat,  and  the 
astral  rays  which  radiate  into  the  Burrounding  protoplasm  become  much 
more  distinct . 

3.  The  attraction-sphere  itself  then  divides  into  two,  each  half  possessing 
a  centrosome,  cent  rosphere,  and  astral  rays,  i.e.  each  forming  a  complete 

il  or  attraction-system. 

4.  These  attraction-spheres  gradually  diverge  from  one  another,  and 
a  spindle  composed  of  achromatic  threads  becomes  formed  between  them 
in  the  cytoplasm,  these  threads  appearing  t<>  have  the  function  of  guiding 
lines  for  certain  <>f  the  subsequent  processes.  While  these  phenomena 
are   going   on,   very  important    changes  are   also  taking  place  in  the 


Fig.  2. — Diagrammatic  Representation  of  the  Processes  of  Cell-division. 


1-8.  MITOSIS  in  somatic  Cells. 

1.  Cell  during    vegetative    period.     The    Cen- 

trosome  has  already  divided. 

2.  Prophase. — Division    of    attraction-sphere; 

formation    of    achromatic    spindle    and 
spireme. 

3.  Prophase. — Breaking   up    of   spireme   into 

chromosomes. 

1.  Metaphase. — Splitting  of  the  chromosomes 
after  their  arrangement  around  equator 
of  spindle  during  prophase. 

5.  Anaphase. — Halves  of  divided  chromo- 
somes passing  towards  poles  of  spindle 

tf.  Anaphase. — Chromosomes  at  polo  ol 
spindle. 

7.  A?iaphase. — Chromosomes       united       iido 


spiremes.  Formation  of  nuclear  mem- 
brane round  daughter-nuclei.  This 
diagram  also  shews  commencement  of 
Telophase. 

8.  Telophase. — Final   stage,    with    division    of 

cytoplasm.  The  new  centrosomes 
have  already  divided. 

9,  10.  Mitosis  ix  QAMETOGENBTIC  CELLS. 

9.  Formation    of    ring-shaped    chromosomes 

in  Heterotype  Mitosis. 

10.  Their   division   and   passage   to  poles   of 

spindle. 

11,12.    IRREGULAR    FORMS  OF  MITOSIS. 

1 1.  Multipolar  Mitosis. 

!'_'.   Asymmetrical  Mitosis. 
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nucleus  itself.  The  nucleolus  disappears,  either  by  solution  within  the 
nucleus  or  by  exl  rusion  into  the  cytoplasm,  where  it  loses  its  characteristic 

staining  reactions  and  becomes  lost  to  view.  The  nuclear  network,  with 
its  attached  chromatin,  becomes  condensed,  and  arnu  If  into  a  long 

spiral  or  convoluted  thread,  the  skein  or  spireme,  from  which  the  dkx 
of  mitotic  division  derives  its  name  (///ro;5  a  thread).    This  spireme  usually 

ks  up  into  a  number  of  V-  or  U-shaped  loops,  the  chromatin-loops  or 
chromosomes,  of  which  there  is  in  each  dividing  cell  a  definite  number, 
constant  for  each  Bpecies  of  animal  or  vegetable  organism,  and  usually  said 
to  be  sixteen  in  the  case  of  the  human  subject.  At  or  before  this  stage 
the  nuclear  membrane  gradually  disappears,  the  process  generally  com- 
mencing on  the  side  nearest  to  the  attraction-systems  and  spindle.     The 

named  structure,  as  above  described,  is  composed  of  achromatic 
threads  formed  in  the  cytoplasmic  network;  but  at  this  stage  another  very 
important  set  of  thread-like  structures,  known  as  the  attraction-fibres,  is 
formed.  These  are  also  achromatic  in  their  staining  reactions,  and  are 
found  growing  out  towards  the  nucleus  in  two  distinct  sets  or  syst« 
each  with  its  point  of  origin  or  focus  at  one  of  the  two  attraction-systems. 
These  attraction-fibres  penetrate  into  the  nucleus,  the  chromatin-network 
of  which  has  by  this  time  broken  up  into  chromosomes ;  and  to  each  indi- 
vidual chromosome  several  attraction-fibres  from  both  attraction -systems 
become  attached.  The  attraction-fibres  then  progressively  shorten  and 
draw  the  chromosomes  towrards  the  spindle,  around  the  equator  of  which 
they  become  arranged  between  the  guiding  fibres  of  the  spindle,  each  loop 
with  its  apex  pointing  inwards.  At  this  stage  the  chromosomes  stain 
very  intensely,  and  give  rise  to  a  single,  star-like  figure,  sometimes  known 
as  the  monaster  or  "mother-star,"  or,  from  the  relative  position  of  the 
chromosomes  with  regard  to  the  spindle,  the  equatorial  plate;  whilst  to 
the  attraction-systems  and  the  achromatic  spindle  between  them  the 
name  amphiaster  is  given.  All  the  preceding  complex  movements  of  the 
nucleus  lead  up  and  are  preparatory  to  the  next  and  most  essential  phase 
of  the  mitotic  process. 

II.  METAPHASE,  or  division  of  the  chromosomes. — Each  chromatin- 
loop  splits  longitudinally  into  two,  the  cleavage  beginning  at  the  apex  of 
the  V,  as  is  shewn  in  the  diagram. 

III.  ANAPHASE,  or  the  building  up  of  the  daughter-nuclei. — The  two 
of  attract  ion-fibres  then  become  progressively  shortened,  and  draw 

the  respective  halves  of  the  divided  chromosomes  to  which  they  are 
attached  towards  each  pole  of  the  spindle,  where  they  become  united  into 
a  convoluted  thread  or  spireme,  which,  in  turn,  gives  rise  to  the  nuclear 
network  of  the  daughter-nucleus,  around  which  a  nuclear  membrane  is 
then  formed,  and  in  which  a  nucleolus  appears. 

The  centrosome  may  at  once  divide  and  its  two  halves  remain  side  by 
side  without  any  further  change  during  the  vegetative  period  now  entered 
upon  by  the  daughter-nuclei. 
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IV.  TELOPHASE. — This  term  is  applied  to  the  final  stage  of  the  process 
of  cell-division,  during  which  the  guiding  threads  of  the  spindle  become 
divided  along  the  line  of  demarcation  between  the  two  daughter-cells; 
and  the  cell-body  undergoes  constriction,  the  cytoplasm  becoming  divided 
from  the  surface  inwards.  The  process  of  division  of  the  original  cell 
into  two  daughter-cells  is  now  complete,  the  remains  of  the  enclosed  half 
of  the  achromatic  spindle  disappearing,  and  each  of  the  resulting  cells 
forming  a  complete  cell-unit. 

MODIFICATIONS  OF  THE  PROCESS  OF  CELL-DIVISION 
BY  MITOSIS 

1.  One  of  the  most  remarkable  modifications  of  the  process  of  cell- 
division  by  mitosis,  as  above  described,  is  that  known  as  reduction  of  the 
chromosomes  during  the  maturation  of  conjugating  germ-cells.  We  have 
seen  that  the  ordinary  process  of  cell-division,  as  it  occurs  in  the  general 
somatic  or  body-cells,  is  characterised  by  the  formation  of  a  definite, 
specific  number  of  chromosomes.  Thus,  in  the  case  of  the  human  subject 
there  are  usually  said  to  be  sixteen  of  these  bodies  formed  in  ordinary 
somatic  mitosis.  In  the  case  of  each  of  the  conjugating  germ-cells,  or 
male  and  female  gametes — the  ovum  and  spermatozoon — the  number  of 
chromosomes  is  reduced  to  one-half  the  original  number,  in  order  that,  in 
the  single  cell — the  impregnated  ovum  or  zygote — formed  by  the  union 
of  these  two  elements,  the  number  of  chromosomes  characteristic  of  the 
species  may  be  maintained.  Were  this  process  of  reduction  not  carried 
out  during  the  maturation  of  these  conjugating  cells,  the  number  of 
chromosomes  wTould  become  progressively  doubled  at  each  union.  To  the 
process  of  cell-division  characterised  by  this  reduction  of  the  chromosomes 
to  half  their  original  number,  the  term  gametogenetic  mitosis  is  applied, 
in  contradistinction  to  the  ordinary  somatic  variety  already  mentioned. 
The  pathological  interest  of  this  variety  of  cell-division  lies  in  the  fact 
that,  by  certain  writers,  its  occurrence  has  been  described  in  some 
malignant  neoplasms ;  and  that  various  hypotheses  as  to  the  possible 
origin  of  tumours  have  been  largely  based  upon  this  alleged  similarity 
to  the  processes  occurring  in  gametogenetic  cells  from  which  are  derived 
the  mature  gametes  or  conjugating  germ-cells. 

In  the  case  of  the  ovum  and  spermatozoon,  this  reduction  of  the 
chromosomes  occurs  during  the  last  two  cell-divisions  immediately  preced- 
ing the  production  of  the  mature  male  and  female  gametes  or  conjugating 
germ-cells.  In  the  case  of  the  ovum  it  is  brought  about  during  the  process 
known  as  extrusion  of  the  polar  bodies,  which  are  in  reality  themselves 
small  or  aborted  ova  wThich  do  not  go  on  to  further  development,  the 
mature  ovum  alone  giving  rise  to  the  somatic  layers  of  the  embryo.  In 
the  case  of  the  spermatozoon  the  stages  of  the  process  are  precisely 
analogous,  except  for  the  fact  that,  instead  of,  as  in  the  female,  only  one 
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of  the  four  germ-cells  finally  formed  (ovum  and  three  polar  bodies) 
going  on  to  mat  mat  ion,  all  four,  in  the  case  of  the  male,  become  fully 
developed  and  functioning  spermatozoa. 

For  a  full  description  of  the  mechanism  by  which  the  reduction  of  the 
chromosomes  is  effected,  reference  must  be  made  to  special  work 
Embryology  and  on  the  Cell. 

Into  the  problems  concerned  with  the  embryonic  origin  of  the  gameto- 
genetic  cells  of  the  ovary  and  testis  we  cannot  enter  here ;  and  we  merely 
mention  that,  at  all  events  in  certain  of  the  lower  animals,  the  original 
cells  of  the  sexual  organs  appear  to  be  derived,  not  from  cells  originating 
from  the  impregnated  ovum  itself,  but  from  cells  coeval  with  it ;  in  other 
words,  from  germ-cells  which  actively  migrate  into  the  body  of  the  early 
embryo  and  become  localised  in  the  Wolffian  body  or  its  neighbourhood 
to  form  the  special  cells  of  the  sexual  organs.  Reference  will  again  be 
made  to  this  question  when  the  various  hypotheses  connected  with  the 
causation  of  tumours  are  under  discussion. 

Other  modifications  and  varieties  of  the  mitotic  process  are  of  compara- 
tively  small  importance  for  our  present  purpose,  and  do  not  call  for  a 
detailed  description.    They  may  be  summarised  as  follows  : — 

2.  Heterotype  Mitosis,  in  which  the  halves  of  each  of  the  dividing 
chromosomes  at  first  remain  united  at  their  ends,  giving  rise  to  a  series  of 
ring-like  bodies.  This  variety  of  mitosis  is  specially  seen  in  gametogenetic 
tissue  during  the  development  of  germ-cells.  It  is  important  from  the 
fact  that  its  occurrence  is  described  in  some  malignant  tumours  (Farmer, 
Moore  and  Walker;  Bashford  and  Murray,  and  others).  More  recent 
observations,  however,  for  example  those  of  Bashford  and  Murray,  do 
not  appear  to  confirm  the  occurrence  of  the  so-called  heterotype  mitoses 
in  malignant  tumours,  and  these  observers  also  deny  the  alleged  occurrence 
of  anything  of  the  nature  of  nuclear  fusion  or  fertilisation  which  some 
writers  have  described  as  occurring  in  malignant  growths. 

3.  Pseudo-reduction  may  occur  in  certain  somatic  cells,  and  is  probably 
explained  by  the  fact  that  twro  of  the  chromosomes  remain  united  together. 

4.  In  certain  unicellular  organisms,  the  centrosome  may  remain  inside 
the  nuclear  membrane,  and  the  spindle  will  then  be  formed  within  the 
nucleus.     This  modification  is,  however,  not  found  in  the  higher  animals. 

5.  Asymmetrical  Mitosis,  where  the  chromosomes  are  unequally  dis- 
tributed between  the  two  daughter-nuclei,  or  where  some  of  the  chromo- 
somes are  destroyed  after  their  formation.  Such  asymmetrical  mitoses 
are  common  in  certain  tumour-cells,  especially  in  carcinomas,  and  may 
be  accompanied,  and  perhaps  caused,  by  an  asymmetrical  development 
of  the  centrosome  and  spindle.  This  type  of  mitosis  has  also  been  induced 
artificially  by  the  application  of  certain  chemical  substances.  The  terms 
hyperchromatic  and  hypochromatic  are  applied  to  such  cells  whose  nuclei 

respectively  too  many  and  too  lew  chromosomes.    (See  fig.  2, 
cell  12,  p.  13.) 
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6.  Multipolar  Mitosis,  in  which  the  spindle  may  possess  three,  four, 
or  perhaps  even  more  poles,  at  which  corresponding  nuclei  are  built  up. 
This  method  is  said  to  occur  normally  in  certain  vegetable  cells ;  but  in 
the  animal  cell  it  is  entirely  pathological,  and  is  probably  due  to  a  pre- 
mature splitting  of  the  centrosome,  or  to  one  or  both  of  the  daughter- 
nuclei  at  once  going  on  to  another  division.  Such  multipolar  mitotic 
figures  have  been  found  especially  at  the  growing  margins  in  some  forms 
of  cancer.     (See  fig.  2,  cell  11,  p.  13.) 

In  this  group  we  may  also  include  certain  abnormalities  in  the  impreg- 
nated ovum,  which  may  sometimes  lead  to  the  production  of  monstrosities. 


THE   CHEMISTRY   OF   THE   CELL 

Protoplasm,  or  the  material  of  wThich  living  cells  are  composed,  is 
usually  described  as  being  a  soft,  colourless,  transparent,  jelly-like  sub- 
stance ;  but  it  must  be  borne  in  mind  that,  on  more  exact  examination, 
it  is  found  to  be  possessed  of  a  finely  fibrillar  structure,  in  the  interstices 
of  which  there  lies  the  apparently  homogeneous  interfibrillar  hyaloplasm. 

It  is  an  exceedingly  complex  substance,  within  which,  during  life,  a 
constant  cycle  of  chemical  changes  is  going  on.  For  our  present  purpose, 
we  need  not  discuss  whether  protoplasm  is  composed  of  one  single  highly 
complex  substance,  built  up  of  molecules  of  almost  infinite  complexity ; 
or  whether  there  are  in  it  numerous  independent  or  semi-independent 
simpler  substances. 

Whether  the  molecules  of  these  simpler  substances  are  linked  together 
chemically  or  not,  and  their  exact  relationships  to  one  another,  are  matters 
of  great  interest  and  importance ;  but  the  following  simplified  table  of 
the  composition  of  protoplasm  must,  for  the  present,  suffice. 


COMPOSITION   OF   PROTOPLASM 

The  following  are  the  chief  chemical  constituents  of  protoplasm  : — 

Proteins. — The  term  protein  is  now  employed  to  designate  all  albuminous 
substances,  whether  simple  or  conjugated.  It  is  highly  probable  that,  in 
living  protoplasm,  albumins  and  other  proteins  may  be  directly  united  with 
fatty  bodies  or  with  carbohydrates.  For  the  convenience  of  our  readers  we 
append,  on  p.  xix,  the  recommendations  made  by  the  Chemical  and  Physio- 
logical Societies  of  Great  Britain  as  to  the  nomenclature  of  albuminous 
substances. 

Substances  soluble  in  ether,  alcohol,  and  certain  other  organic  solvents. 
These  may  be  divided  into  four  classes  : — 

1.  Neutral  fats  or  triglycerides,  yielding  fatty  acids  and  glycerol  on  hydro- 

lysis, and  free  fatty  acids. 

2.  A  number  of  substances  having  no  chemical  relation  to  the  fats,  such  as 

the  alcohol  cholesterol,  and  certain  pigments  or  lipochromes. 
2 
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3.  Substances  sometimes  known  as  phosphatides  containing  fatty  acids, 

nitrogen  and  phosphorus.  Lecithin  is  the  best  known  example  of 
this  cla 

4.  Substances  known  as  cerebrosides  (Thudichum)  containing  fatty  acids, 

nitrogen  and  a  carbohydrate  group,  but  no  phosphorus.  H.  Maclean 
has  suggested  that  Classes  3  and  4  might  be  grouped  together  undei 
the  term  "  lipins  "(Leathea).1 

Alcohols,  of  which  group  Cholesterol  and  Glycerol  are  members.  Recent 
itches  appear  bo  sli.w  that  the  former  substance,  which  has  hitherto  been 
rded  more  or  less  as  an  effete  product,  may  possibly  play  an  important 
part  in  metabolism. 

Carbohydrates,  e.  g.  glycogen  or  animal  starch,  which  may  be  built  up 
from  starch,  dextrin,  maltose,  glucose,  etc. 

Inorganic  Salts,  e.  g.  chlorides,  phosphates,  sulphates,  etc.  The  cells 
contain  more  potassium  and  phosphoric  acid  than  the  fluid  which  bathes  them, 
and  the  salts  plav  a  most  important  part  in  cell-metabolism. 

Water. 

In  addition  to  these  more  essential  components,  protoplasm  also  contains — 

i.  Food-material  about  to  undergo,  or  in  process  of,  absorption, 
ii.  Effete  substances  resulting  from  katabolic  metabolism,  e.  g.  carbon 

dioxide,  lactic  acid,  certain  pigments,  azotised  derivatives  formed 

by    the   splitting   of    higher    compounds,    e.  g.     urea,    creatine, 

creatinine,  etc. 
iii.  Special  products  of  the  vital  activity  of  the  cell,  e.  g.  zymogen-granules. 
iv.  "  Vitamines."     The    presence    of    certain    accessory    substances    or 

"  vitamines  "  is  also  essential  for  the  maintenance  of  the  life  and 

growth  of  protoplasm. 

The  most  important  of  the  above  groups  is  that  of  the  proteins;  and  a 
short  account  may  be  given  here  of  the  changes  which  these  substances  under- 
go, more  especially  during  digestion  and  assimilation.2  These  proteins  are 
found,  not  only  in  cell-protoplasm,  but  also  in  the  body-fluids,  e.  g.  in  the 
blood  and  lymph.     They  may  be  simple,  or  they  may  be  conjugated,  i.  e. 

1  The  foregoing  classification  is  derived  from  Maclean's  monograph  Lecithin  and 
Allied  Substances:  Longmans,  Green  &  Co.,  1918.  Readers  interested  in  this 
subject  may  also  be  referred  to  Leathes'  monograph  on  The  Fats,  1910,  in  the 
B&m< 

Recent  work  indicates  that  certain  lipins  play  an  important  part  in  some 
immunity  reactions.  This  subject  has  been  most*  fully  worked  out  in  the  case 
of  the  Wassermann  Reaction  for  syphilis.  The  efficiency  of  the  antigens  employed 
pendent  on  the  presence  of  lipins,  which  are  usually  prepared  by  the  extraction 
of  heart-muscle  or  liver  with  alcohol.  Ethereal  extracts  appear  to  be  inactive 
(Miink).  Mixtures  of  lecithin  and  cholesterol  have  proved  to  be  specially  efficient 
(Browning,  Mackenzie  and  others).  The  latter  observers  use  an  emulsion,  in  0-85 
per  cent,  saline,  containing  lecithin  and  cholesterol.  When  this  is  added  to  syphil- 
itic scrum,  more  complement  is  fixed  than  by  lecithinalone.  This  increased  fixation 
of  complement  does  not  occur  in  normal  conditions  or  in  diseaei m  other  than  syphilis. 
The  precise  mechanism  of  the  reaction  is  still  obscure.  The  lipins  of  the  emulsion 
appear  to  interact  with  part  of  the  globulin  of  syphilitic  serum — probably  forming 
an  adsorption  compound.  The  nature  of  the  alteration  in  the  globulin  of  syphilitic 
Berura,  which  conditions  the  adsorption  by  the  lipins,  is  unknown. 

2  Readers  \\  ho  are  interested  in  this  subject  maybe  referred  to  R.  H.  A.  Plimmer's 
monograph  on  The  Chemical  Constitution  of  the  Proteins  (Part  1,  1912;  part  2,  1913). 
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compounds  of  albumins  or  globulins  with  some  other  organic  substances  such 
as  the  fats,  sugars,  or  certain  phosphorus-containing  compounds — for  example, 
forming  nucleo-proteins  the  phospho-proteins  or  so-called  nucleo-albumins,  or 
iron-containing  substances  like  haematin  (as  in  hemoglobin  =  globin 
+  haematin).  During  the  processes  of  proteolytic  digestion  or  protein- 
hydrolysis,  proteins  are  split  up  into  the  following  series  of  dissociation 
products  : — 


1.  Simpler  Proteins  (e.g.  albumins,  etc.). 

2.  Proteoses  (e.g.  albumoses,  etc.). 

3.  Peptones. 

4.  Simpler  products  such,  as  the  amino-acids  etc.1 


During  this  process  of  proteolytic  digestion  or  protein-hydrolysis,  the 
large,  non-assimilable  molecules  of  albumin,  etc.,  are  thus  broken  up  into 
substances  with  progressively  smaller  molecules,  until  they  are  sufficiently 
reduced  in  size  to  be  capable  of  being  taken  into  or  absorbed  by  the  animal 
cell,  in  which  they  are  then  either  built  up  again  during  the  process  of 
assimilation  and  become  constituents  of  the  protoplasm  or  undergo  katabolic 
changes. 

The  nucleo-proteins  are  split  up  by  peptic  digestion  into  their  constituents, 
a  simple  protein,  and  nuclein.  The  former  of  these  (histone,  parahistone, 
the  protamines,  etc.)  undergoes  the  proteolytic  changes  described  in  the 
preceding  paragraph ;  and  the  nuclein  is  precipitated,  and  some  of  its  nucleic 
acid  may  be  freed. 

Nucleo-protein. 


i  i 

A  simple  protein  (histone,  Nuclein. 

parahistone,  the  | 

protamines,  etc.). 

A  simple  protein.  Nucleic  Acid. 

Nucleo-proteins  are  completely  digested  by  tryptic  digestion. 

On  complete  hydrolysis,  nucleic  acid  yields  the  following  products  : — 
phosphoric  acid,  purine  bases,  pyrimidine  bases,  and  some  form  of  sugar.2 

Chromatin  which,  as  we  have  seen,  shews  such  a  special  affinity  for  the 
basic  dyes,  and  which,  therefore,  appears  to  act  as  an  acid  radicle,  consists 
essentially  of  substances  which  are  either  closely  allied  to,  or  are  identical 
with,  the  nucleins,  these  being  also  acid  substances  with  great  affinity  for  the 
basic  stains.  This  apparent  identity  of  chromatin  and  nuclein  is  a  point  of  very 
great  importance,  especially  in  view  of  the  fact  that,  during  certain  phases  of 

1  These  may  be  classified  according  to  their  constitution,  as  follows  : — 

(a)  Monoaminomonocarboxylic   acids,   e.  g.   glycine,   alanine,   leucine   (fatty) ; 

also  Hydroxyamino  acids,  e.  g.  tyrosine  (aromatic) ;   and  Thioamino  acids 
such  as  cysteine  and  cystine. 

(b)  Monoaminodicarboxylic  acids,  e.  g.  aspartic  and  glutamic  acids.     The  acids 

in  groups  (a)  and  (6)  are  all  alpha  derivatives. 

(c)  Diaminomonocarboxylic  acids  ("hexone"  bases),  ornithine,  lysine,  arginine; 

and   diaminoxymonocarboxylic   acids,  such   as  diaminotrioxydodecanic 
acid. 

(d)  Heterocyclic   compounds,   such   as  proline,   tryptophane,  indole,  skatole, 

histidine  etc. 

2  The  monograph  on  Nucleic  Acids  by  W.  Jones  (Longmans,  Green  &  Co.),  1914, 
may  be  consulted  for  details. 
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cell  and  nuclear  activity,  the  nucleins  play  a  very  important  role  in  the  process; 
and  daring  these  periods  there  are,  |  u  with  the  chemical  chat 

occurring  in  the  nuclein-compound  ponding  variations  in  the 

with  which  the  nuclear  chromatin  "  fixes,"  or  is  Btained  by,  the  b 
This  is  accounted  for  by  the  fact  that  the  nucleo-proteina  in  the  nucleus  form 
a  series  in  which  the  relative  amounts  or  relative  combining  affinities  of  the 
albumins  and  the  nucleina  vary.    The  firmer  combinations  of  the  two, 
the  lower  members  of  the  aeries,  stain  less  intensely  with  the  basic  dyes,  whi 
the  1  Damnations  stain  more  intensely.    Thus,  during  mitosis,  when  the 

reproductive  activity   of  the   nucleus  is  at  its  maximum,  the   chromatin 
of  almost  pure  nuclein,  and  probably  contains  little  or  no  albumin, 
and  this  Btage  is  therefore  characterised  by  very  inl  i  ondition 

also  induced  by  certain  degenerative  changes.  During  periods  of  great  con- 
structive activity,  on  the  other  hand,  for  example  during  active  Becretion, 
the  staining  reaction  of  the  chromatin  gradually  h  diminished,  either 

because  of  chemical  changes  occurring  in  it,  or — and  this  is  the  more  generally 

pted  view     by  its  actual  transformation  in  varying  degree  into  seen 
or  zymogen  granules  which  pass  out  into  the  cytoplasm.     Here  they  ma\ 

to  enzymes   or  unorganised  ferments  which  bring  about  intra-cellular 

ition  and  assimilation;  or,  on  the  other  hand,  they  may  pass  out  of  the 
cell  as  an  extra-cellular  secretion,  the  nature  of  which  varies  with  the  organ 
or  tissue  producing  it,  e.  g.  the  special  secretions  of  the  stomach,  pancreas, 
salivary  glands,  and  so  on. 

The  processes  of  extra-cellular  digestion,  absorption  of  the  digested  food, 
and  intracellular  assimilation  and  storage,  may  be  shortly  described  here. 
The  zymogen-granules,  above  described,  are  formed  within  the  cytoplasm. 

i  these  arise  such  enzymes  as  the  proteolytic  ferments,  e.g.  pepsin, 
trypsin,  etc.;  the  fat-splitting  enzymes,  the  sugar-inverting  enzymes,  the 
anxiolytic  enzymes  etc.  After  their  excretion,  i.  e.  outside  the  cell,1  for 
example  in  the  alimentary  canal,  these  act  upon  the  food-molecules,  and,  as 
was  explained  in  the  case  of  proteolysis,  break  them  up  into  molecules  small 
enough  to  be  capable  of  absorption.     These  simpler  products  can  then  be 

n  into  the  cell.  Some  of  them  are  re-synthesised  by  other  enzymes  in 
the  cytoplasm,  in  which  they  may  be  stored  as  food,  whilst  some  may  be 
(anied  into  the  nucleus  to  supply  it  with  material  and  energy  for  the 
rebuilding  up  of  the  chromatin — the  whole  forming,  as  it  were,  a  cycle  of  vital 
processes,  the  controlling  centre  of  which  lies  in  the  nucleus.  This  cycle  of 
chang  of  extreme  importance  both  physiologically  and  pathologically, 

and   '  will  again  require  to  be  made  to  it  when  we  are  considering 

problems  connected,  not  only  with  visible  changes  in  the  nucleus  and  * 
plasm,  hut  also  with  the  processes  of  phagocytosis  and  intracellular  digestion, 
and  many  of  the  more  abstruse  phenomena  involved  in  the  great  question 
of  immunity.  Such  tissue-ferments  or  enzymes — for  example  erepsin — which 
break  up  proteoses  and  peptones  into  amino-acids,  are  of  great  importance. 
The  enzymes  just  named  occur  in  all  the  organs  and  tissues  of  the  body.    Auto- 

01  self-digestion  of  such  organs  and  tissues  may  be  brought  about  experi- 
mentally "  in  vitro  "  by  incubating  them  at  body-temperature  under  aseptic 
Conditions  ;  and  a  further  study  of  these  enzymes  may  possibly  come  to  explain 
bain  pathological  phenomena,  the  causation  of  which  is  now  ol»- 

1  In  sol  the  enzymes  amain  inactive  until  they  are  acted  upon 

by  another  enzyme,  e.g.  trypsinogen  requires  to  be  "activated"  by  enteiok; 
a  ferment  present  in  the  tuccue  entericus. 

[ring  a  full  account  of  this  subject  may  be  referred  to  The  Nature  of 

Enzyme  Action,  by  W.  M.  Bayliss,  4th  ed.  (Longmans,  Green  &  Co.),  19 
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STAINING  PROPERTIES  OF  THE  VARIOUS  CELL-ELEMENTS 

Tbe  investigation  of  the  exact  nature  of  the  chemical  components  of 
living  protoplasm  presents  features  of  almost  insuperable  difficulty ;  and 
our  knowledge  is  practically  limited  to  the  study  of  the  chemistry  of 
protoplasm  which  is  dead,  whether  its  death  precede  the  application  of, 
or  be  caused  by,  the  chemical  and  other  reagents  which  we  employ. 
Again,  the  isolation  and  study  of  component  parts  of  the  cell  may  be,  and 
usually  is,  impossible;  and  our  knowledge  of  "  micro  -chemist  ry  "  is 
largely  dependent  on  the  chemical  affinity  and  visible  colour-reactions 
of  certain  dyes  and  other  chemical  substances  w^ith  the  various  component 
structures  of  the  cell  and  its  products. 

The  reagents  which  are  most  commonly  used  for  the  purpose  of  staining 
microscopical  sections  of  tissues  may  act  either  physically  or  chemically. 
The  latter  method  is  that  which  occurs  in  the  case  of  the  most  important 
group  of  reagents  used  for  this  purpose,  viz.  the  aniline  dyes.1 

Under  suitable  conditions,  chemical  union  of  these  dyes  with  the  tissue- 
elements  can  be  brought  about,  some  structures  possessing  a  greater  affinity 
for  those  of  the  basic  and  some  for  those  of  the  acid  series;  whilst  other 
tissue-elements  may  take  up  both  equally,  or  have  no  special  affinity  for 
either.  The  tissue-elements  may  thus  be  classified  somewhat  roughly  into 
those  which  are  oxyphil,  basophil,  amphophil,  and  neutrophil,  respectively. 

Oxyphil  (sometimes  called  acidophil :  eosinophil). — Cytoplasmic  reti- 
culum :  centrosome  :  attraction-sphere  and  rays  :  spindle-fibres  :  nuclear 
membrane  :  linin-network  of  the  nucleus  :  nucleoli  or  karyosomes  :  certain 
cell-granules. 

The  more  important  acid  or  cytoplasmic  stains  are  eosin  and 
eryth rosin,  acid  fuchsin,  light  green. 

Basophil. — Chromatin  and  chromosomes,  i.  e.  substances  rich  in  the 
phosphorus-holding  nucleic  acid  :   certain  cytoplasmic  granules. 

The  more  important  basic  or  nuclear  stains  are  hsematein  (combined 
with  alum  as  "  hsemalum  "),  methylene  and  thionin  blues,  gentian  violet, 
saffranin,  Bismarck  brown,  methyl  and  methylene  greens,  basic  fuchsin. 

1  These  are  manufactured  from  coal-tar,  and  are  derivatives  of  benzene  (C(iHt;), 
or  its  homologues,  toluene  (toluol),  xylene  (xylol),  quinonc,  naphthalene,  and 
anthracene. 

Benzene   .      .     C(iHt., 

Toluene    .      .      CHH,'CH-,  (methyl-benzene) 

Xylene      .      .     CH^CH  J),      (dimothyl-benzene) 

Quinono   .      .     CllH40_, 

Naphthalene       CmHs 

Anthracene    .     C,,H|n 

Some  compounds  of  these  substances,  which  have  been  called  the  chromogens, 
possess  what  are  known  as  colour-radicles  or  chromophores,  to  which  their  specific 
colour  is  due.  Certain  of  these  chromophores  are  basic,  whilst  others  are  acid 
in  their  reaction,  the  same  being  also  the  case  with  certain  other  radicles  of  the 
molecule;  and,  depending  on  the  balance  of  these,  the  whole  molecule  of  the 
dye  may  act  as  a  base  or  as  an  acid,  as  the  case  may  be;  or  in  some  instances 
they  may  be  neutral,  and  are  then  known  as  the  salt-dyes  («.  g.  the  eosinate  of 
methylene  blue,  which  forms  the  basis  of  the  Romanowski  staining  method 
and  its  many  modifications,  such  as  those  of  Jenner,  Leishman,  Nocht,  and  others). 
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CELL-FUNCTIONS  AND  ACTIVITIES,  AND  THE  RELATIONSHIP 
OF  NUCLEUS  AND  CYTOPLASM 

The  life-history  of  any  cell  may  be  summarised  by  the  statement  that 
— except  in  the  case  of  the  fertilised  ovum  which  is  formed  by  the  union 
of  two  cells  it  must  evolve  by  the  division  of  a  parent-cell  and  grow  ;  it 
must  maintain  itself  and  perform  its  functions;  and  after  a  varying 
period  it  must  degenerate  and  die,  or  it  may,  either  as  a  somatic  or  as  a 
gametogenetic  cell,  transmit  its  characteristics  to  another  generation 
of  cell-. 

Sufficient  mention  has  already  been  made  of  the  processes  of  somatic 
and  gametogenetic  cell-division;  the  maturation  and  conjugation  of 
Lrei  ni-cells;  and  the  part  played  by  the  chromatin-loops,  which  are 
apparently  the  means  of  conveyance  of  hereditary  characteristics  from 
paont  to  offspring.  We  have  also  discussed  the  processes  of  food-inges- 
tion,  either  by  absorption  of  soluble  food-substances  or  by  the  englobing 
of  food-particles  by  the  cytoplasm ;  intra-  and  extra-cellular  digestion 
by  means  of  enzymes ;  and  the  assimilation  of  the  nutriment  so  prepared. 
Along  with  these  we  may  also  class  the  changes  occurring  during  the  pro- 
's of  respiration.  AVith  these  processes  are  also  intimately  associated 
the  problem  of  cell-growth,  and — when  they  fail — of  cell-degeneration. 

There  only  remains  therefore  for  discussion  in  this  connection  the 
question  of  specific  or  specialised  cell-function. 

In  the  case  of  the  simple  unicellular  protozoon — for  example,  the  amoeba 
— all  the  vital  vegetative  and  reproductive  processes  are  carried  out  by  one 
individual  cell.  But  in  the  metazoon  or  multicellular  organism,  the  earn- 
ing out  of  any  one  or  more  of  these  vital  processes  may  be  specially  releg- 
ated to  some  special  cell  or  set  of  cells,  which  thus  becomes  endowed  with 
specialised  function.  In  this  way,  movement  and  contractility  specially 
devolve  upon  muscle-cells ;  secretion  and  excretion  upon  glandular  cells  : 
reproduction  upon  the  cells  of  the  generative  organs,  and  so  on.  All 
degrees  of  such  evolution  of  specialised  function  are  met  with  in  the  cells 
of  the  animal  body;  and  also  all  degrees  of  interdependence  upon  the 
specialised  functions  of  the  cither  cells  of  the  organism,  from  the  com- 
paratively independent  leucocyte  and  wandering  cell  up  to  the  highly 
complex  and  delicate  nerve-cell  which  is  practically  entirely  dependent 
upon  other  cells  for  everything  except  its  own  specialised  function. 
Under  abnormal  conditions,  many  cells  may  take  on  functions  apparently 
differing  largely  from  their  accustomed  duties.     Thus  kidney-,  liver-,  and 

other  glandular  cells  may  become  actively  phagi  i  hostile  cells  or 

organise  Eoreign  particles.     Endothelial  cells  take  on  this  pha| 

oytic  action  so  readily  that  it  may  almost  be  considered  one  of  their  normal 
functions;     and    perhaps   certain    of    the   so-called    metaplastic    ehai 
occurring  between  the  cells  of  closely  allied  tissue.-  may  also  !"■  included 
examples  of  this  condition. 
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FUNCTIONAL  RELATIONS  BETWEEN  NUCLEUS  AND 
CYTOPLASM 

Due  co-ordination  between  these  two  elements  of  the  cell  is  required 
for  the  full  performance  of  the  cell -functions.  A  cell  deprived  of  its 
nucleus  may  live  for  a  varying  period,  and  even  carry  on  certain  of  the 
less  complex  metabolic  processes,  e.  g.  in  the  case  of  red  blood -corpuscles, 
which  are  said  to  have  a  normal  existence  of  from  fourteen  to  thirty  days. 
Cells  which  have  lost  their  nuclei  may  also  react  to  external  stimulation  ; 
they  may  move,  englobe  food-particles,  etc.,  but  they  cannot  perform 
any  of  the  higher  activities  of  cell-life.  They  cannot  grow  or  reproduce 
themselves  by  division ;  they  cannot  digest  the  food-particles  which 
they  may  have  succeeded  in  ingesting :  they  cannot  secrete  or  excrete. 
In  other  words,  their  capacity  for  the  performance  of  the  higher  metabolic 
processes  and  for  the  co-ordination  of  these  has  been  lost,  though  in  the 
case  of  adult  red  blood-corpuscles,  which  of  course  do  not  possess  nuclei,  a 
more  or  less  passive  chemical  exchange  of  gases  is  carried  on  owing  to 
the  chemical  properties  of  their  contained  haemoglobin.  The  nucleus 
may  thus  be  looked  upon  as  the  executive  and  co-ordinating  centre  con- 
trolling most  of  these  metabolic  processes,  e.g.  assimilation  and  growth, 
etc.  It  is  the  formative  chemical  centre,  and  perhaps  also  the  seat  of 
the  formative  energy  of  the  cell.  More  than  a  quarter  of  a  century  ago, 
Claude  Bernard  concluded  that  the  cytoplasm  or  cell-substance  is  the 
seat  of  vital  expenditure  of  energy,  whilst  the  nucleus  is  to  be  regarded  as 
the  executive  centre  governing  this  expenditure,  and  specially  concerned 
with  synthetic  metabolism.  Later  observers  go  even  further  than  this ; 
and  Adami,1  in  a  review  of  the  subject,  states  his  belief  that — 

"  this  conception  does  not  exactly  represent  the  relationship,  for  the  nucleus 
is  also  the  seat  of  expenditure,  nay,  appears  often  to  determine  that 
expenditure.  But  clearly  the  indications  are  that  the  higher  syntheses, 
those  associated  with  growth  and  those  governing  the  specific  enzyme 
actions  of  the  different  forms  of  cell,  are  determined  and  initiated  by  the 
nuclear  matter." 

DEGENERATIVE   AND  ALLIED   CHANGES   IN   THE   CELL 

As  already  indicated,  any  or  all  of  the  three  great  groups  of  cellular 
activity,  viz.  (1)  growth  and  maintenance  or  nutrition,  (2)  reproduction, 
and  (3)  specialised  function,  may  be  influenced  or  interfered  with  either 
temporarily  or  permanently  by  certain  conditions.  Most  important 
among  these  may  be  placed  alterations  in  the  quality  or  quantity  of  the 
supply  of  nutriment;  and  exposure  to  the  action  of  injurious  agencies 
such  as  excessive  heat  or  cold,  pressure,  electricity,  and  other  forms  of 
radio-activity,  or  of  chemical  substances,  such  as  organic  and  inorganic 
poisons,  toxins  produced  by  bacteria,  etc.    In  the  histological  study  of 

1  Adami,  "  The  Dominance  of  the  Nucleus,"  British  Medical  Journal,  London, 
Dec.  22,  1906,  p.  1760. 
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such  conditions,  the  only  guides  to  our  knowledge  at  present  available 
are  the  actual  physical  changes  brought  about  in  the  The  axiom 

that   function  and  structure  arc  so  6884 mtially  interdependent  that  any 
alteration  in  the  one.  however  slight .  mu  arily  mean  a  correspond- 

ing change  in  the  other,  is  of  the  utmost  importance.    From  alterations 

in  the  functions  of  an  organ  during  life  we  may  be  able  to  deduce,  some- 
times with  a  oomparath  i  certainty,  the  presence  <»f  del 
changes  in  the  actual  structure  of  the  organ  or  tissue;  for  example,  the 
presence  of  certain  abnormal  si.  -  in  the  urinary  secretion  often 

indicates  certain  definite  structural  alterations  in  the  kidney.    Conversely, 

it  is  often  possible,  from  the  consideration  of  the  actual  histological  changes 
in  an  organ  or  til  infer  what  abnormalities  were  present  in  its  func- 

tional activities  during  life;    and  hence  the  correlation  of  structure  and 
function  is  of  extreme  importance. 

The  wide  range  of  structural  variations  possible  in  the  healthy  cell 
during  different  phases  of  cell-activity  must  be  constantly  borne  in  mind 
in  this  connection,  as  many  of  the  degenerative  conditions  affecting  the 
cell  are  in  reality  exaggerations  of  these  normal  functional  variations. 

All  -jiadat  ions. from  Blight  stimulation  up  tototal  death  and  destruction 
of  the  cell,  may  be  brought  about  by  the  same  injurious  agent,  the  degree 
of  change  depending  upon  such  factors  as  its  amount,  intensity,  length  of 
application,  etc.,  and,  of  course,  also  on  the  capacity  of  the  tissue  to  resist 
its  at  ack.  Thus  the  application,  say,  of  some  sufficiently  dilute  toxic 
Bubstance  may  cause  a  stimulation  of  any  or  all  of  the  various  cell-functions. 
The  earlier  changes  seen  in  "  cloudy  swelling"  are  in  many  ways  analogous 
to  those  Been  in  the  cells  of  an  actively  secreting  gland.  An  increase  in 
the  number  of  dividing  cells  in  the  part,  as  evidenced  by  abnormally 
numerous  karvokinetic  figures,  etc.,  is  often  a  characteristic  feature  of 
BUch  a  condition;  and  many  other  phenomena,  both  cytoplasmic  and 
nuclear,  may  be  regarded  as  analogous  to  those  seen  during  increased,  or 
-  decreased,  functional  activity, 
in. the  irritant  may, from  its  nature  or  fromthe  method  of  its  appli- 

on,  be  able  to  kill  the  cell  outright,  with  little  or  no  change  in  its  visible 
structure    the  condition  aimed  at  when  we  artificially  "  fix  "  a  tissue  for 

mination-  or  in  other  cases  it  may  bring  about  great  changes  in.  or 
perhaps  even  the  total  destruction  of,  the  normal  structure. 

The  extreme  variability  of  the  results  produced  by  the  application  of 
the  same  injurious  agent,  in  differenl  in  differ- 

ent amounts,  in  repeated  or  in  single  do»  ry  well  illustrated  in  the 

of  certain  chemical  sub  which  are  used  medicinally.    Thus. 

corrosive  Bublimate  in  very  minute  doses  is  found  to  stimulate  the  repro- 
ductive and  other  activif  ies  of  a  tissue  :  in  Uu  rked 

toxic  eh  uch  as  intense  inflammation  or  actual  i  whilst, 

if  it  is  applied  locally  in  concentrated  solution,  it  "  fixes/-  i.e.  kills,  the 

utright,  with  but  little  apparent  alteration  in  their  morphological 
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structure.  Similarly,  the  various  salts  of  mercury,  arsenic,  lead,  etc., 
when  given  in  small  repeated  doses,  produce  at  first  a  very  definite  stimula- 
tion of  the  reproductive  or  hemopoietic  activities  of  the  bone-marrow; 
but,  if  their  administration  be  prolonged,  the  stimulating  effect  wears  off, 
the  tissue  gradually  fails  to  react,  becomes  worn  out,  and  undergoes  an 
extreme  degree  of  degeneration,  accompanied  by  very  profound  anaemia. 
This  is  well  seen  in  cases  of  chronic  lead-  or  arsenic-poisoning. 

Thus,  in  studying  the  action  and  results  of  any  particular  form  of 
irritant,  whether  chemical  or  physical,  all  gradations  between  these 
extremes  may  be  met  with,  but  for  our  purpose  here  it  will  be  sufficient 
to  mention  some  of  the  more  commonly  recognised  degenerative  conditions 
seen  in  the  cell. 

In  some  cases  these  degenerative  changes  may  be  found  specially 
affecting  the  cytoplasm,  while  in  other  instances  it  is  the  nucleus  which 
suffers  most ;  but,  if  they  are  found  in  any  marked  degree  in  one  of  these 
constituents,  the  other  part  of  the  cell  is  also  almost  invariably  affected. 

CYTOPLASMIC  CHANGES 

Probably  the  commonest  degenerativeconditionaffectingthecytoplasm 
is  that  known  as  cloudy  swelling,  which  will  be  again  discussed  later. 
The  cell-body  becomes  swollen,  perhaps  from  the  imbibition  of  fluid  from 
the  surrounding  lymph,  and  the  cy  to -reticulum  is  physically  altered  in 
such  a  way  that  its  meshes  appear  coarser  and  more  irregular.  At  first, 
the  reticulum  tends  to  stain  more  deeply,  and  perhaps  somewhat  irregu- 
larly, with  the  acid  dye,  the  outline  of  the  individual  strands  usually 
becoming  somewhat  hazy  and  indistinct.  The  mesh  work  then  tends  to 
become  progressively  more  loose  and  open  in  its  arrangement,  and  grad- 
ually loses  its  staining  capacity.  At  certain  parts  of  the  cytoplasm,  clear 
vacuole-like  spaces  tend  to  appear,  due  to  destructive  changes  and  the 
accumulation  of  fluid  in  its  mesh  work.  These  so-called  vacuoles  may 
increase  in  size  and  number  until  the  whole  cell-body  shows  merely  as  a 
scanty  shred-like  network  with  very  slight  staining  capacity,  and  finally 
it  becomes  broken  up  and  disappears.     (See  fig.  3,  p.  27.) 

In  other  cases,  the  swollen  cytoplasm  becomes  more  homogeneous  in 
its  appearance,  perhaps  owing  to  the  imbibition  of  lymph,  e.  g.  in  what  is 
known  as  Zenker's  degeneration  of  muscle.  This  is  rather  to  be  regarded 
as  a  "  post-necrotic  "  change,  that  is,  a  change  supervening  after  the 
death  of  the  cell;  and  its  occurrence  was  originally  described  by  Zenker. 
who  observed  the  condition  in  the  abdominal  muscles  in  cases  of  typhoid 
fever.  It  may  also  be  found  in  paralysed  or  in  bruised  muscle,  or  in 
muscle  which  has  been  subjected  to  the  action  of  certain  bacterial  toxins. 
e.g.  in  acute  infective  fevers,  or  where  these  act  locally  around  areas  of 
inflammation.  The  muscle-fibres  lose  their  transverse  stria! ion.  become 
swollen  and  homogeneous  in  appearance,  and  later  undergo  fragmentation 
and  absorption. 
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Althoughtheohange8describeda1  in  the  cyto-reticulum 

in  cloudy  Bwelling  appeal  to  be  the  most  important  feature  of  the  < 
plaamie  ohai  must  be  made  to  certain  other  phe 

iribed  by  Borne  authors.  Adami,1  in  a  discussion  on  The  Physiology 
a  ml  Pathology  of  the  Nucleus,  holds  that — 

"  In  cloudy  Bwelling,  which  so  commonly  accompanies  the  acute  fevers  and 

conditions  oi  intoxication,  we  oote,  more  particularly  in  the  cells  of  seer* 
glands,  that  the  nuclei,  which  in  the  Brst  stage  of  irritation  may  become  more 
intensely  stained,  rapidly  lose  their  staining  property  and  become  indistinct, 
and  the  cell-body  becomes  filled  with  granules  of  albuminous  nature.     - 
nikow  was  apparently  the  first  to  make  accurate  studies  upon  the  chai 
that  occur  in  the-  lative  processes;   many  others  have  since  noted  the 

same  collection  of  the  chromatin  in  the  region  of  the  nuclear  membrane;   the 
discharge  into  the  cytoplasm  (well  seen  in  the  liver-cells  in  phosphorus-poison- 
ing) ;  have  described  these  little  masses  as  first  staining  like  nuclear  substai 
and  lat«r  losing  the  nuclear  stain  completely,  the  cell-body  becoming  filled 
with  shell-like,  clear-staining  globules." 

These  globules  in  all  probability  correspond  to  certain  of  the  "  albuminous 
granules,"  the  occurrence  of  which  is  described  by  many  authors  as 
characteristic  of  cloudy  swelling.  They  are  to  be  seen  especially  in 
glandular  secreting  cells,  and  may  be  an  exaggeration  or  abnormality 
in  tin'  formation  of  what  physiologists  describe  as  "secretion-granules," 
though  in  all  probability  many  of  the  "albuminous  granules"  may  be 
the  result  of  disintegration  of  the  protoplasm. 

NUCLEAR  CHANGES 

In  the  early  stages  of  irritation,  e.g.  in  cloudy  swelling,  the  nucleus 
may  shew  a  distinct  preliminary  increase  in  its  staining  capacity,  a  con- 
dition analogous  to  that  seen  in  the  early  stages  of  mitosis,  or  in  an  actively 
functioning  cell  before  its  chromatin  has  become  transformed  into  the 
special  products  of  cell-activity.  This  preliminary  increase  in  the  staining 
capacity  of  the  nucleus  forms  a  marked  feature  in  some  cell-degenerations, 
and  is  sometimes  known  as  hyperchromatosis. 

In  the  lat'  3  of  cloudy  Bwelling,  the  nucleus  usually  becomes 

progressively  paler  in  its  staining  reactions,  the  chromatin  apparently 

►riling  dissolved,  or  at  all  events  so  changed  in  its  composition  that  it 
its  affinity  for  the  basic  dyes.     This  apparent  solution  of  the  chromatin 
in  the  cell-juice  is  known  as  karyolysis  or  chromatolysis. 

Fragmentation  of  the  nucleus. or  karyorrhexisds  also  a  commonmethod 
of  nuclear  degeneration,  and  is  usually  preceded  and  accompanied  by 
hyperchromatosis.  If  the  nucleus  at  the  same  time  becomes  more  con- 
densed in  its  structure,  the  term  pyknosis  is  applied  to  the  condition, — 
byperchromal  I  pyknosis  being  evidently  closely  allied  prooee 

which  are  frequently  found  in  conjunction  with  one  another.    As  the 
process  of  karvorrhexi>  advances,  the  nuclear  network  bee  ken  up, 

1  Adami,  "A  Discussion  on  the  Physiology  and  Pathology  of  the  Nucleus," 
British  Medical  Journal,  London,  Dec.  22,  1906,  p.  1764. 
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and  its  chromatin  tends  to  aggregate  into  irregular  particles  or  masses. 
These  may  exhibit  no  apparent  plan  in  their  method  of  arrangement,  but, 
on  the  other  hand,  they  are  sometimes  found  dotted  very  regularly  over 
the  whole  nucleus ;  or,  perhaps  even  more  frequently,  they  are  arranged 
in  a  somewhat  symmetrical  manner  around  the  periphery  of  the  nucleus, 
being  apparently  attached  to  the  inner  surface  of  the  perinuclear  mem- 
brane. The  latter  may  then  become  dissolved,  and  the  chromatin-particles 
are  found  scattered  in  the  cytoplasm,  in  which  they  undergo  solution ; 
or,  if  the  cytoplasm  itself  has  also  broken  up,  they  will  be  found  lying 
free,  for  example,  in  the  resulting  caseous  material,  pus  and  other  inflam- 
matory and  degenerative  products  of  tissue-destruction. 
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Fig.  3. — Cell-degeneration. 

1-3,  Karyolysis. 

4-7,  Pyknosis,  Hyperchromatosis,  and  Karyorrhexis. 

8-10,  Karyorrhexis. 

Cloudy  swelling  is  present  in  all  of  these  cells. 

Another  important  phenomenon  sometimes  seen  in  connection  with 
nuclear  degeneration,  and  to  which  allusion  is  made  in  a  preceding  para- 
graph, is  the  production  of  bud-like  processes  which  are  extruded  from  the 
periphery  of  the  nucleus  into  the  cytoplasm.  These  little  masses  contain- 
ing chromatin  at  first  retain  their  affinity  for  the  nuclear  dyes,  but  this 
becomes  gradually  lost  as  the  chromatin  disappears.  This  phenomenon 
may  be  very  well  seen  in  the  normal  development  of  the  erythroblasts  or 
nucleated  red  blood-corpuscles  of  the  bone-marrow  which  are  in  proa 
losing  their  nuclei  and  becoming  transformed  into  erythrocytes  or  ordinary 
non-nucleated  red  corpuscles;  and  it  may  also  very  often  be  well  seen  in 
the  erythroblasts  which  have  escaped  into  the  blood-stream  in  various 
pathological  conditions. 


CHAPTER   II 

GENERAL  RETROGRESSIVE   PROCESSES 

We  have  now  to  consider  the  application  of  our  knowledge  of  cellulai 
physiology  and  pathology,  not  merely  to  the  case  of  the  individual  cell- 
units  themselves,  but  also  to  that  of  various  body-tissues  of  which  the 
cell-units  are  the  constituent  elements. 

Much  that  has  been  said  with  regard  to  cellular  pathology  need  not 

epeated  here,  but  we  may  again  mention  that,  as  was  pointed  out  by 
Virchow,  there  may  be  interference  with  any  of  the  three  great  varieties 
of  cell-  and  consequently  also  of  tissue-activity,  namely,  nutrition,  repro- 
duction, and  special  function.  Further,  we  must  also  bear  in  mind  the 
various  channels  or  modes  of  access  by  which  injurious  agents  may  attack 
the  tissues  and  their  component  cells.  Thus  they  may  act  directly  upon 
them,  for  example,  on  a  free  surface;  they  may  be  carried  to  them  by 
the  blood-stream  or  by  the  lymphatics;  or  they  may  act  indirectly 
through  the  mechanism  of  the  nervous  system,  or  by  impairing  some 
ot  her  bodily  function  which  is  necessary  for  the  health  of  some,  or  perhaps 
even  all,  of  the  tissues,  e.  g.  the  secretion  of  the  thyroid  and  other  glands. 

When  an  injurious  agent  brings  about  the  actual  death  of  cells  or 
t  issues  within  the  living  body,  the  term  necrosis  is  applied  to  the  process. 
This,  together  with  the  closely  allied  subject  of  gangrene,  will  be  con- 
sidered separately  in  a  subsequent  chapter;  whilst  the  question  of 
atrophy,  which  may  also  be  classified  as  a  retrogressive  change,  will  be 
discussed  later  along  with  hypertrophy. 

No  distinct  line  of  demarcation  can  be  drawn  between  the  remaining 
two  generally  recognised  groups  of  retrogressive  changes  known  as  the 
degenerations  and  t  he  infiltrations,  many  intermediate  forms  being  found  ; 
but  for  practical  pur]  i  degeneration  maybe  defined  as  a  retrogres- 

sive pathological  change  characterised  by  the  direct  transformation  of 
the  cell-protoplasm  (or  of  the  tissue-elements  derived  from  it)  into  use) 
or  inert  material ;  whilst  in  the  case  of  an  infiltration  such  useless  or  inert 
material  may  arise  elsewhere  (though  it  need  not  necessarily  do  so), 
and  is  Btored  up  in  excessive  amount  in  the  cells,  or  in  the  other  tisi 
constituents  formed  from  them.  Food-material,  such  as  glycogen  OT  fat. 
or  products  of  metabolism.  >uch  as  pigment,  UJ  to.,  may  thus  be 

accumulated,  owing  either  1  9  in  their  amount,  abnormalities  in 

their  composition,  etc.,  or  to  the  temporary  or  permanent  disablement 

28 
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of  the  cells  preventing  the  performance  of  their  normal  activities,  synthetic, 
katabolic,  excretory,  or  otherwise. 

From  what  is  indicated  above,  it  will  be  easily  understood  that, 
the  more  highly  endowed  an  individual  cell  is  with  regard  to  its  special 
function,  the  more  easily  may  its  very  delicate  mechanism  be  thrown 
out  of  gear ;  and  hence  it  is  that  certain  highly  complex,  and  at  the  same 
time  extremely  delicate,  cells  are  more  liable  to  injury  than  are  the 
hardier  and  less  highly  differentiated  cells  of  the  body .  When  so  damaged , 
such  highly  endowed  cells  have  also,  as  a  rule,  much  less  power  of  recovery. 
Thus  certain  ganglionic,  glandular,  and  other  highly-specialised  cells  are 
much  more  liable  to  suffer  from  injury  and  disease  than  are,  say,  the 
less  differentiated  cells  of  a  supporting  connective  tissue.  Again,  certain 
toxic  agents  have  a  special  selective  capacity  for  certain  cells  or  certain 
tissues,  and  may  cause  their  destruction,  at  the  same  time  leaving  other 
cells  and  tissues  practically  unharmed.  Thus  the  toxins  of  the  bacillus 
of  tetanus  act  specially  on  certain  ganglionic  cells,  while  those  of  the 
diphtheria  bacillus  may  act  more  particularly  on  some  of  the  secretory 
cells  of  the  kidney. 
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DEGENERATIONS   AND   INFILTRATIONS 

CLOUDY   SWELLING 

The  condition  of  cloudy  swelling,  which  is  also  sometimes  known  as 
turbid  swelling,  or  parenchymatous  or  albuminoid  degeneration,  includes 
a  variety  of  retrogressive  changes  which  may  be  due  to  a  large  number 
of  conditions  interfering  with  the  cell-life  or  metabolism,  and  which  are 
characterised,  as  the  name  implies,  by  a  swelling  of  the  cell,  and  the 
formation  of  a  cloudy  "granular"  appearance  in  its  protoplasm.  This 
is  due  partly  to  coagulation  or  precipitation  of  certain  of  the  protoplasmic 


I 


Cloudy  Swelling  of  the  Convoluted  Tubules  of  the  Kidney 
the  changes  described  in  the  text.       : •:  iiOO. 


constituents,  e.g.  proteins  or  protein-fats,  in  the  form  of  granules,  and 
partly  to  changes  produced  in  the  cyto-reticulum.  whereby  it  ; 
coarser  and  more  irregular  in  appearance.    The  granules  are,  in  the  earlier 
es,  soluble  in  dilute  acetic  acid  or  caustic  soda,  and  are  probably 

albuminous  in  their  nature;  whilst .  if  the  condition  1-  ore  exl  n 

fatty  granules  and  globules  may  also  appear,  probably  from  the  splitting 
of  the  so-called  "  protein-fat,"  " albunrin-fat,"  " soap-albumin,"  or  from 
the  hydrolysis  of  lipii 
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The  swelling  of  the  cell  is  due  to  fluid,  probably  imbibed  by  osmosis 
from  the  surrounding  lymph,  accumulating  in  the  meshes  of  the  reticulum, 
and  giving  rise  to  the  so-called  "  vacuole-like "  spaces.  The  rise  of 
osmotic  pressure  has  been  attributed  to  an  increase  in  the  molecular 
concentration  of  solutes  in  the  hyaloplasm  resulting  from  increased 
formation  and  retention  of  products  of  the  autolysis  of  cell-proteins. 
These  cellular  changes  have  already  been  somewhat  fully  described. 
They  are  usually  accompanied  by  softening  or  loosening  of  the  cement - 
substance  between  the  cells,  as  is  well  seen  in  what  is  called  catarrhal 
inflammation,  where  the  cells  become  swollen  and  separated  from  one 
another  and  from  their  basement-membrane — if  this  structural  element 
be  present.  The  condition  of  cloudy  swelling  wTas  originally  described 
by  Virchow,  in  1850,  as  "  hypertrophy  writh  a  tendency  to  degeneration." 

/Etiology. — Cloudy  swelling  is  most  usually  produced  by  the  action 
on  the  cells  of  some  soluble  toxic  substance  circulating  in  the  blood.  The 
commonest  of  these  substances  are  the  bacterial  toxins — for  example, 
those  found  in  the  acute  infective  fevers,  such  as  pneumonia,  diphtheria, 
typhoid,  and  scarlet  fevers,  etc.,  and  in  other  toxaemias  or  septicaemias. 
Various  organic  poisons,  such  as  snake- venom,  the  vegetable  poisons  abrin 
and  ricin,  poisonous  fungi,  etc.,  and  many  inorganic  poisons,  such  as 
corrosive  sublimate,  etc.,  may  also  produce  the  condition,  as  may,  in  all 
probability,  certain  toxic  substances  of  unknown  or  little  understood 
nature  and  origin,  for  example  unexcreted  normal  or  abnormal  products 
of  metabolism  (e.g.  in  Bright's  disease),  or  certain  substances  supposed 
to  be  generated  in  and  absorbed  from  the  alimentary  canal  and  elsewhere 
in  the  case  of  the  so-called  "  auto-intoxications." 

A  very  considerable  degree  of  cloudy  swelling  is  found  in  cases  of 
severe  internal  haemorrhage,  and  appears  to  be  due  to  the  action  of  the 
extravasated  haemoglobin,  which,  when  free  in  the  blood-serum  or  lymph, 
has  a  distinctly  toxic  action. 

Again,  the  condition  may  be  produced  locally  by  the  action  of  certain 
chemical  or  bacterial  irritants,  and  also  by  the  action  of  heat,  for  example 
in  burns  and  scalds — though  in  these  latter  conditions  there  is  usually 
also  superadded  sepsis. 

The  precise  mechanism  by  wThich  the  change  is  brought  about  is 
still  doubtful.  The  toxin  or  other  poisonous  substance  may  act  by 
entering  into  direct  chemical  union  with  the  cell-protoplasm,  as  in  the 
case  of  corrosive  sublimate,  which  forms  an  insoluble  albuminate  of 
mercury;  it  may  unite  with,  or  in  some  instances  may  chemically  dis- 
place, some  important  protoplasmic  constituent,  as  in  the  case  of  poison- 
ing by  carbon  monoxide,  where  this  gas  firmly  unites  with  the  haemoglobin 
of  the  red  blood-corpuscles,  displacing  the  oxygen,  and  forming  a  much 
more  stable  compound  than  the  necessary  oxyhaemoglobin ,  and  thus 
destroying  the  vital  oxygen-carrying  capacity  of  the  haemoglobin  of  the 
red  corpuscles.     Or,  again,  the  poisonous  substance  may  act  on  the  cell- 
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protoplasm,  altering  its  nutritive  selective  capacity  in  such  a  wax- 
that  it  tends  to  take  up  abnormal  substances  from  the  Burrounding 
lymph. 

The  exact. chemical  nature  of  the  change  is  not  yet  am  I.  but 

the  so-called  "granules"  are  alleged  by  som(  to  be  albuminoid 

in  character,  as  they  swell  up  and  disappear  on  the  addition  of  dilute 
acetic  acid,  but  are  not  soluble  in  alcohol  or  ether.    Fatty  globules 
often   found   associated  with  cloudy  swelling,  and   fatty  degeneration   18 
frequently  a  Bequel  of  the  condition. 

Effects  on  the  Various  Organs  and  Tissues. — The  cially 

affected  are  the  liver,  kidneys,  and  heart,  i.e.  organs  containing  highly 
endowed  cells,  more  especially  those  concerned  with  the  destruction  or 
excretion  of  the  toxin  causing  the  condition;  for  example,  the  paren- 
chymatous cells  of  the  liver,  or 
the  cells  of  the  convoluted 
tubules  and  the  ascending  part 
of  Henle's  loop  in  the  case  of 
the  kidney.  As  already  indic- 
ated, the  chemical  or  other 
special  affinities  of  the  toxin 
for  special  cells  may  also  ac- 
count for  the  fact  that  some 
tissues  may  suffer  more  than 
others,  e.  g.  nerve-cells  in 
tetanus.  The  effects  of  the 
change  upon  the  cell  may  be 
anything  from  slight  stimula- 
tion up  to  total  destruction  of 
both  structure  and  function. 

Naked-eye  Appearances. — 
The  organs  are  usually  slightly 
swollen,  softer  in  consistence, 
and  paler  in  colour.  The  cut  surface  loses  its  transparency  and 
becomes  more  opaque  or  cloudy,  suggesting  the  appearance  produced  by 
immersing  in  hot  water.  In  the  early  stages,  there  may  be  associated 
congestion,  but  Boon,  owing  to  the  swelling  of  the  parenchymatous 
cells  of  the  organ,  the  vessels  become  compressed  and  emptied  of  their 
blood,  the  pale  colour  of  the  organs  being  thus  due  to  the  swollen 
condition  of  the  parenchymatous  cells.  Owing  to  this  emptying  of 
the  blood-vessels  which,  when  filled  with  blood,  help  to  map  it  out, 
the  minuter  naked-eye  structure  of  the  organs  is  often  considerably 
obscured;  for  example,  in  the  case  of  the  liver  the  outlines  of  the 
lobules  may  be  very  indistinct  and  difficult  to  see. 

The  microscopical  appearances  and  distribution,  and  the  staining 
reactions  of  the  change,  have  already  been  sufficiently  described.     The 


Fig.  5. — Cloudy  Swelling  in  Secreting  Tubules 
of  Kidney.      X  200. 
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typical  structure  of  the  affected  cell  may  become  obscured  or  lost,  for 
example,  the  striation  of  heart-muscle. 

Course  and  Results. — In  certain  cases  the  change  may  be  very  rapidly 
produced,  e.  g.  in  some  fevers  within  six  or  eight  hours.  The  results  may 
be  transient,  i.  e.  may  pass  off  with  the  removal  of  the  toxin,  in  which 
case  the  cells  may  recover,  entirely  or  partially,  according  to  the  extent 
of  the  damage  to  them  and  their  power  of  resistance.  Surface  cells,  e.g. 
those  of  a  mucous  membrane  or  of  a  tubular  gland,  may  shew  catarrhal 
changes,  and  become  separated  from  their  attachments.    In  the  case  of 
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Fig.  6. — Advanced  Cloudy  dwelling  or  more  correctly  Necrosis  ol  Kidney.  The  collecting 
tubule  (seen  in  longitudinal  section,  in  centre  of  field)  is  less  affected  than  the  more 
highly  specialised  convoluted  tubules  and  secreting  portions  of  Henle's  looped  tubules, 
seen  on  either  side,     x  300. 


partial  recovery,  a  degradation  in  the  type  of  the  cell  may  occur.  Thus, 
highly  endowed  columnar  secreting  epithelial  cells,  say,  in  the  kidney, 
may  become  changed  into  cubical  or  even  merely  flattened  lining  epithel- 
ium. If  the  irritation  is  intense  and  prolonged,  the  condition  may  go 
on  to  fatty  degeneration;  or  it  may  go  on  to  cell-death  or  necrosis 
without  the  supervention  of  fatty  degeneration,  and  the  cytoplasm  may 
undergo  disintegration  into  mere  granular  detritus. 
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FATTY   DEGENERATION   AND    ALLIED   CONDITIONS 

The  part  played  by  fata  and  their  allies  and  compounds  in  norma] 
metabolism  is  a  subject  of  great  difficulty  and  complexity,  and  re< 

papers  and  textbooks  must  be  consulted  for  information  upon  the 
physiological  aspects  of  the  question.  As,  however,  the  problems  con- 
nected with  the  subject  in  its  pathological  bearings  are  best  studied  and 
understood  by  looking  upon  certain  of  the  abnormal  conditions  found 
as  exaggerations  or  modifications  of  the  normal  processes  of  the  meta- 
bolism of  fats,  a  few  words  must  be  said  with  regard  to  some  of  the  more 
nt  views  upon  this  subject. 

Fat-formal  ion  in  the  body  may  take  place  from  the  pre-formed  animal 
and  vegetable  fats  in  the  food,  the  nature  of  the  fat  so  formed  depending 
largely  on  that  of  the  fat  ingested.  Fat  may  also  be  formed  from  the 
carbohydrates  (though  the  mechanism  by  which  it  is  produced  is  not 
vet  known),  but  not,  in  health  at  all  events,  to  any  extent  from  the 
proteins  of  the  food.  In  starvation  97  per  cent,  of  the  body-fat  may 
disappear. 

The  neutral  fats  are  compounds  (generally  in  the  form  of  tri-glycerides) 
of  the  fatty  acids  (chiefly  stearic,  palmitic,  oleic)  and  glycerol.  During 
intestinal  digestion,  they  are  split  up  by  hydrolysis  into  these  two  sub- 
stances and  a  varying  proportion  of  the  fatty  acid  thus  liberated  becomes 
transformed  by  union  with  such  available  alkali,  potash  or  soda,  as  may 
be  present,  into  a  diffusible — i.  e.  soluble — soap,  in  which  form  it  can  be 
absorbed  by  the  intestinal  mucous  membrane.  A  large  proportion  of 
this  soap  is  then  re-synthesised  into  fat  by  the  epithelial  cells,  and  passed 
into  the  lacteals,  so  that,  in  the  chyle  and  blood,  they  are  probably  trans- 
ported chiefly  as  neutral  fats,  to  be  again  hydrolysed  and  absorbed  by 
the  tissue-cells  of  the  body,  either  as  soaps  or  perhaps  as  fatty  acids 
united  with  or  dissolved  in  certain  elements  of  the  protoplasm.  As  to  the 
question  of  the  part  played  by  leucocytes  in  the  transportation  of  fat 
through  the  intestinal  mucous  membrane,  we  need  not  enter  here.  It  is 
possible  that  a  considerable  proportion  of  the  soap  passes  directly  as  such 
into  the  blood  of  the  portal  system,  is  carried  to  the  liver,  and  there  built 
up  again  into  neutral  fat  by  the  cells  of  that  organ,  within  which  it  may 
either  be  stored  in  non-diffusible  form  till  required,  or  may  undergo 
nidation  proper, ■%.  e.  become  synthesised  into  an  integral  part  of  the 
cytoplasm,  being  then  no  longer  recognisable  as  fat  by  the  usual  staining 
and  other  micro-chemical  reactions.  AVhen  required  for  the  nutrition 
of  the  various  body-tissues,  the  fat  temporarily  stored  in  the  liver  is  re- 
transformed  by  that  organ  into  soluble  soap,  in  which  diffusible  form  it 
can  be  dealt  out  and  carried  to  the  tissues  by  the  blood.  In  the  tissui 
may  then  be  assimilated  as  a  food,  or,  as  in  the  case  of  the  subcutaneous, 
extraperitoneal,  and  similar  areas,  it  may  again  be  stored  as  neutral  fat. 
and  from  these,  in  turn,  it  may  be  re-absorbed  as  soap  should  there  be 
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special  demand  for  it,  e.g.  in  fevers  or  starvation,  where  this  reserve 
store  of  body-fat  may  be  very  rapidly  used  up. 

Klotz,1  in  his  papers  upon  Calcareous  Degeneration,  points  out  the 
fact  that  in  the  tissues  sodium  and  potassium  soaps  are  not  nearly 
so  soluble  as  in  vitro,  and  he  therefore  concludes  that  in  the  cell  they 
are  probably  in  combination  with  some  other  protoplasmic  constituent, 
almost  certainly  albumin.  This  "  albumin-soap,"  as  he  calls  it,  being 
very  insoluble  in  water  and  alcohol,  is  capable  of  being  stored  within 
the  cell  in  non-diffusible  form  until  required.  As  an  additional  argument 
in  favour  of  this  hypothesis,  he  cites  the  result  of  test-tube  experiments 
in  which  he  found  that,  on  adding  some  dilute  egg-albumin  to  a  weak 
solution  of  pure  soap,  say  sodium  stearate,  a  flocculent  precipitate  was 
slowly  formed,  analogous  in  physical,  chemical,  and  staining  reactions  to 
the  intracellular  soap- granules.  He  therefore  thinks  that  the  latter  are 
probably  also  combined  with  albumin  in  the  form  of  a  "  soap-albumin." 

In  other  situations,  the  soap  may  be  taken  into  the  cells  from  the 
blood  or  lymph,  and  the  fatty  acid  split  off  and  reunited  with  glycerol 
to  form  a  neutral  fat,  which  is  then  stored  until  required.  This  is  in  all 
probability  chiefly  the  case  in  the  great  storage-areas  of  the  body,  e.g. 
the  subcutaneous  tissue,  omentum  and  extraperitoneal  fat,  bone-marrow, 
etc.,  all  of  which  tissues  are  extremely  vascular,  and  the  fat-cells  of  which 
are  in  very  intimate  connection  with  the  circulating  blood. 

Further,  part  of  the  fatty  acids  or  soaps  and  glycerol  are  utilised  for 
the  synthesis  of  lipins,  such  as  lecithin. 

Again,  in  addition  to  being  thus  temporarily  stored  up  in  certain 
cells,  either  as  neutral  fat  or  as  a  soap-albumin,  fat  is  a  food-element 
necessary  for  the  carrying  out  of  the  vital  functions  of  the  individual  cell ; 
and  for  this  purpose  it  is  assimilated  and  built  up  into  an  integral  part 
of  the  cytoplasm,  and  can  then  no  longer  be  distinguished  as  fat  by  the 
usual  tests. 

There  are  therefore  several  stages  of  this  process  at  which  theoretically 
it  is  possible  for  interference  to  occur,  and  for  pathological  variations  to 
take  place.  Some  of  these  may  be  classified  as  infiltrations,  otheis  as 
degenerations;  but,  in  many  cases,  it  is  impossible  to  make  this  distinc- 
tion, while  in  some  instances  both  conditions  may  be  present  at  one  time. 

1.  An  excessive  amount  of  fat,  or  substances  capable  of  being  trans- 
formed into  fat,  may  be  ingested,  the  excess  being  accumulated  in  the 
usual  storage,  and  perhaps  also  in  other,  areas.  Into  this  group  cases  of 
obesity  or  adiposity  from  overfeeding  and  similar  causes  would  naturally 
come,  and  in  some  of  these  cases  the  ordinary  connective  tissues  may  be 
largely  transformed  into  fat. 

2.  Abnormal  activity  of  the  storage-functions  of  some  cells,  although 

1  Klotz,  "  Studies  upon  Calcareous  Degeneration,"  Journal  of  Experimental 
Medicine,  1905-6,  pp.  1,  322,  and  504. 
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the  actual  amount  of  fat  brought  docs  not  exceed  the  norma]  supply,  i.e.  an 
anomalous  condition  of  metabolism,  of  which  the  ifl  not  appall 

3.  Diminished  power  of  the  cells  to  utilise  fat  brought  m  (as 
soaps) — not  necessarily  in  increased  amounts — the  cells  retaining  their 
power  of  splitting  off  the  fatty  part  of  the  soap,  and  .storing  it  as  fat  or 
as  soap-albumin:  but  being  unable,  owing  me  injury,  toxic  or 
otherwise,  to  utilise  these  substances  after  their  ingestion.  This  would 
be  a  form  of  true  fatty  infiltration. 

4.  Destruction  of  the  cell  from  some  toxic  or  other  cause,  accompanied 
by  a  disintegration  of  the  cytoplasm,  and  by  a  freeing  of  the  fat  from  its 
combination  in  the  complex  protein-molecule  in  which  it  was  comb 

Boap-albumin.  Klotz  also  suggests  the  possibility  of  another  process 
in  some  cases — the  absorption  by  the  damaged  cell  of  soaps  from  the 
blood  or  lymph,  the  vitality  of  the  cell  being  so  diminished  that  no  con- 
version into  neutral  fat  occurs,  the  soaps  then  combining  to  form  a 
relatively  insoluble  compound  with  the  albuminous  substances  derived 
from  the  disintegrating  protoplasm. 

5.  An  older  view,  not  now  held  by  many  modern  observers,  was  that 
the  fat  was  a  dissociation  product  of  proteins — not  in  the  sense  of  these 
being  in  this  instance  compounds  of  albumin  with  some  fatty  body,  but 

itnple  albumin.  That  this  may  occur  is  possible,  but  it  must  be 
remembered  that  in  the  so-called  classical  examples  of  the  formation  of 
fat  from  casein  in  the  "ripening"  of  cheese,  and  the  production  of 
adipocere — a  fatty  material  said  to  be  formed  from  the  body-tissues  after 
death  under  certain   peculiar  conditions — the    action   of    saprophytic 

inisms  must  also  be  taken  into  account.  Another  modification  of  this 
view  is  that  protoplasm  is  a  compound  of  protein  and  carbohydrate — a 
gluco-protein — and  that  the  fat  may  be  derived  from  the  carbohydrate 
part  of  this  on  its  disintegration.  The  more  modem  view,  however,  that 
the  fat  in  such  cases  is  derived  from  the  splitting  off  of  fat  previously 
combined  with  albumin,  appears  to  be  more  likely,  and  has  already  been 
discussed. 

Many  years  ago  Quain  pointed  out  that  in  fatty  hearts  there  was  no 
actual  increase  of  the  total  fatty  material  present.  Van  Noorden  found 
that  in  cases  of  phosphorus-poisoning  the  total  fat  of  the  body  was  not 
only  not  increased,  but  actually  diminished  in  amount ;  and  more  recently 
nfeld  1  has  shown  that  in  fatty  degeneration  of  the  kidney  there  is 
Usually  less  fatty  material  present  than  there  is  in  tl.  I  the  normal 

organ,  in  which  it  is  present  in  combination  with  proteins,  or  in  the  form 
of  lipinSj  and  therefore  not  stainable  as  fat. 

Some  writers — for  example,  llerxheinier  and  Walker  Hall  -  have 
expressed  the  opinion  that  the  term  "fatty  degeneration"  conveys  an 

1  Rosenfeld,  Berlin  Klin.  Wochenschrift,  1904,  xli.  p.  587. 

2  Herxheimei  and  Walker  Hall,  "Fatty  Degeneration  or  Infiltration  ':  Medical 
Chronicle,  1(J04. 
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impression  not  warranted  by  the  present  condition  of  our  knowledge,  and 
suggest  the  use  of  the  words  "  degenerative  fatty  infiltration,"  as  indicating 
that  the  fat  is  brought  from  outside  and  deposited  in  cells  whose  vitality  is 
so  lowered  that  they  cannot  use  up  enough  of  the  fat,  and  cannot  build 
up  the  compound  of  protein  and  fat.  They  do  not  consider  that  the  fat 
is  formed  by  the  splitting  of  proteins  or  other  substances  within  the  cells, 
and  look  upon  the  process  as  one  of  infiltration  by  fat  from  outside. 

As  is  so  often  the  case  in  such  controversies,  there  appears  to  be 
justification  for  both  views,  and  we  must  in  the  meantime  simply  leave 
the  question  an  open  one. 

The  actual  source  of  the  fat  itself  in  these  conditions  is  also  an  unsettled 
problem,  but,  for  convenience,  the  most  recent  views  may  be  summarised 
as  follows — 

1.  In  true  fatty  infiltration,  fat  is  brought  from  outside*,  i.  e.  from  the 
food  or  from  the  storage-areas,  and  is  accumulated  within  cells  which  are 
not  extensively  damaged. 

2.  In  fatty  degeneration  there  are  two  possible  sources  of  the  fat, 
and  in  any  given  case  it  may  arise  from  one  or  both  of  these  sources  : — 

(a)  Accumulation  of  fat  brought  from  outside,  in  a  previously  injured 
ceil. 

(b)  Freeing  of  fat,  previously  combined  with  albumin,  within  the  cell 
itself,  this  previously  combined  fat  now  becoming  visible  and  demon- 
strable by  the  ordinary  specific  stains  for  fat.  This  process  may  occur 
under  the  influence  of  toxins;  or  in  other  cases  it  may  be  due  to  the 
action  of  the  natural  ferments — the  lipases — which  are  concerned  normally 
with  the  splitting  up  of  fats.  What  is  known  as  autolysis,  or  disintegration 
of  tissues  brought  about  by  their  own  ferments,  is  an  analogous  process. 

(c)  Separation  of  fat  resulting  from  the  autolysis  of  lipins. 

THE  COMMONER  VARIETIES  OF  FATTY  CHANGE 
FATTY  DEGENERATION  may  be  regarded  as  a  retrogressive  change 
associated  with  the  appearance  of  fatty  granules  or  globules  in  the 
cytoplasm  of  the  cell.  It  is  of  great  importance,  not  from  the  mere  fact 
of  the  presence  of  the  fat,  but  because  it  is  a  common  method  of  decay 
in  the  animal  cell.  It  frequently  occurs  as  a  sequel  to,  or  in  combination 
with,  cloudy  swelling,  especially  if  the  toxic  agent  at  work  be  more  pro- 
longed and  intense  in  its  action.  Fatty  infiltration  and  other  degenerative 
conditions  are  frequently  found  associated  with  fatty  degeneration. 

^Etiology. — Some  of  the  possible  causes  of  the  condition  have  already 
been  discussed  whilst  dealing  with  its  theoretical  aspects.  The  condition 
is  found  in  certain  instances  as  a  physiological  process — for  example, 
during  the  involution  of  such  structures  as  the  thymus  gland  ;  or,  again, 
in  the  milk-secreting  cells  of  the  mammary  gland ;  and  in  this  category 
may  also  be  included  the  fatty  degeneration  found  in  the  muscle-colls  of 
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the  uterus  during  its  involution  after  parturition,  and  various  senile 
changes  in  the  tissues  at  a  period  of  life  when  their  activities  are  becoming 
decreased.  Fatty  degeneration  may  also  occur  in  certain  tissues  at 
any  period  of  life;  for  example,  where  there  is  diminished  functional 
activity,  as  in  the  case  of  unused  or  paralysed  muscles;  01  it  may  follow 
hypertrophy  of  an  organ  or  tissue  brought  about  by  increased  functional 
activity,  where  the  excessive  strain  cannot  be  kept  up  and  the  nutritional 
power  of  the  overworked  tissue  fails.  Defective  nutrition  is  often  an 
important  factor  in  the  production  of  fatty  degeneration.  This  deficiency 
may  be  general,  e.g.  in  old  age,  starvation,  cachectic  conditions,  grave 
anaemias,  etc.;  or  it  may  be  local,  from  diminished  vascular  supply,  as 
in  the  case  of  areas  in  tumours,  infarcts,  patches  of  atheromatous  thicken- 
ing in  the  inner  coats  of  the  vessels,  etc. 

As  already  indicated,  fatty  degeneration  may  be  found  associated 
with  other  degenerative  conditions,  especially  with  cloudy  swelling;  it 
is  also  frequently  found  along  with  waxy  or  amyloid  disease,  and  in  these 
cases  it  is  probably  caused  by  the  action  of  the  same  toxic  agents  which 
produce  these  conditions.  It  is  also  found  in  most  of  the  acute  and 
chronic  infective  fevers  due  to  bacterial  and  other  toxins,  e.  g.  pneumonia, 
diphtheria,  typhoid  and  scarlet  fevers,  puerperal  septicaemia,  tuberculosis, 
etc.  In  streptococcal  septicaemia  cases,  it  is  often  specially  intense,  and, 
when  this  condition  is  present  in  cases  operated  upon  under  chloroform, 
care  must  be  taken  not  to  mistake  it  for  delayed  chloroform-poisoning. 

Certain  organic  poisons  are  important  causes  of  fatty  degeneration; 
for  example,  chloroform,  iodoform,  alcohol,  carbon  monoxide,  etc.  The 
first  named  of  these  substances,  chloroform,  is  of  special  importance  in 
view  of  the  now  well-recognised  occurrence  of  what  is  known  as  delayed 
chloroform  poisoning,  occurring  after  its  administration  as  an  anaesthetic. 
Attention  in  this  country  was  first  drawn  to  the  condition  by  Dr.  Leonard 
Guthrie,1  and.  in  1904,  Stiles  and  Stuart  M'Donald  2  published  a  paper 
dealing  fully  with  the  subject.  Chloroform  is  a  powerful  protoplasmic 
poison,  and.  when  introduced  experimentally  by  subcutaneous  injection, 
it  produces  profound  degenerative  changes  in  highly  differentiated 
cells,  and  also  gives  rise  to  very  rapid  emaciation,  acute  acidosis,  and 
the  presence  of  acetone  in  the  urine.  After  inhalation,  it  may  produce 
the  same  train  of  symptoms  in  certain  cases  which  appear  to  have  some 
idiosyncrasy,  not  as  yet  understood,  predisposing  the  patient  to  its  action 
in  this  way.  In  cases  where  death  occurs  from  this  cause,  intense  fatty 
degeneration  is  usually  found  in  the  liver,  kidneys,  and  other  glandular 
organs,  as  well  as  in  the  heart-muscle,  endothelial  cells  of  the  cerebral  and 
pulmonary  capillaries,  etc. 

Many  inorganic  poisonous  substances  are  also  important  in  this  con- 

1  Guthrie,  "Some  Fatal  After-Effects  of  Chloroform  upon  Children,* 
January  27,  1894. 

■  Stiles  and  Stuart  M'Donald,  "  Delayed  Chloroform  Poisoning,"  Scottish  Medical 
and  Surgical  Journal,  August  1904. 
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nection,  especially  phosphorus,  arsenic,  antimony,  some  of  the  mineral 
acids,  etc.  The  action  of  phosphorus  has  been  specially  studied,  both 
when  given  in  large  single  and  in  smaller  repeated  doses,  the  production 
of  very  profoundly  marked  fatty  degeneration  being  possible. 

A  very  extreme  degree  of  fatty  degeneration  may  be  found  in  per- 
nicious anaemia,  and  is  probably  produced  by  the  action  of  some  toxin 
of  unknown  nature,  this  being  also  in  all  likelihood  the  explanation  of 
the  presence  of  fatty  degeneration  in  certain  other  diseases  in  which 
metabolism  is  greatly  deranged,  for  example  in  diabetes  mellitus  and 
diabetic  coma,  in  some  cases  of  which  not  only  the  various  organs  may  show 
extreme  fatty  change,  but  a  large  quantity  of  free  fat  may  also  be  found 
in  the  blood,  a  condition  known  as  lipaemia.  In  these  diabetic  cases, 
the  excess  of  fat  in  the  blood,  in  addition  to  being  derived  from  the  pre- 
formed fat  coming  directly  from  the  chyle,  and  perhaps  from  the  storage- 
area,  may  possibly  also  be  formed  from  glycogen  which  is  carried  to  the 
cells,  but,  owing  to  their  impaired  state,  not  sufficiently  used  up  by  them. 

Fatty  degeneration  may  also  occur  in  dead  tissues,  even  outside  the 
body.  If  autolysis  of  organs  after  death  be  carried  out  experimentally 
under  aseptic  conditions,  there  appears  to  be  no  actual  increase  in  the 
amount  of  total  fat  present,  i.  e.  there  is  only  a  freeing  of  the  combined 
fat,  which  thus  becomes  visible  and  demonstrable  by  suitable  chemical 
and  staining  methods.  Under  the  action  of  certain  organisms  or  ferments, 
however,  there  may  be  actual  elaboration  of  fat  from  the  other  proto- 
plasmic constituents,  and  it  is  in  this  category  that  the  "  ripening  "  of 
cheese  and  the  formation  of  adipocere,  already  alluded  to,  would  most 
probably  come. 

Physical  Effects  of  Fatty  Degeneration  upon  the  Various  Organs  and 
Tissues. — Fatty  degeneration,  just  as  in  the  case  of  cloudy  swelling, 
specially  affects  highly  endowed  cells,  more  particularly  those  of  the 
glandular  organs  concerned  in  the  destruction  and  elimination  of  the 
special  toxin  involved,  for  example  the  liver  and  kidney  ;  and,  in  the  case 
of  the  latter,  it  is  the  highly  specialised  secreting  cells  of  the  convoluted 
tubules  and  the  thick  part  of  Henle's  loop  that  are  principally  involved. 
Other  examples  of  highly  endowed  cells  which  are  very  liable  to  be 
attacked  are  nerve-cells :  endothelial  cells  lining  blood-vessels,  pulmonary 
alveoli,  etc. :    muscle-cells,  more  especially  those  of  the  myocardium. 

Naked-eye  Appearances. — The  organ  is  usually  slightly  swollen.  In 
colour  it  may  vary  from  whitish-  or  greyish-  to  a  bright,  almost  canary- 
yellow  ;  the  organ  is  softer  than  normal  in  its  consistence  and  more  easily 
torn,  and  it  may  be  distinctly  greasy  in  appearance  and  to  the  touch. 
The  change  may  be  diffuse,  or  it  may  in  some  cases  be  more  patchy  in 
its  distribution  in  any  particular  organ,  for  example  in  the  cortex  of  the 
kidney.  A  good  example  of  such  patchy  distribution  is  to  be  seen  in 
the  so-called  "thrush-breast"  appearance  often  got  in  the  myocardium 
immediately  subjacent  to  the  endocardium,  and  spreading  outwards  into 
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the  heart-muscle  illy  in  cases  of  pernicious  anaemia.    In  the  liver. 

the  change  may  be  more  01  less  uniform  throughout  the  lobule,  but  in 

some  cases  it  is  found  to  be  more  advanced  towards  the  central  vein,  j,  e. 
the  change  may  begin  in  the  centres  of  the  lobules  and  spread  outw 
towards  the  porta]  tracts,  whilst  in  fatty  infiltration  the  process  tend 
begin  at  the  periphery  and  extend  inwards.    These  two  conditions  are 
frequently  found  combined  in  the  same  liver. 

Microscopical  Appearances  and  Distribution.— When  the  change  follows 
or  is  associated  with  cloudy  Bwelling,  the  individual  cells  may  be  mere 


FlO.  7. 


-Fatty   Degeneration   of  Heart-Muscle.     Stained   with   oamic   add. 
X200. 


in  size.  If  the  condition  occurs  alone,  however,  they  are  often  shrunken 
and  smaller  than  normal,  e.g.  in  the  liver  or  heart.  The  cytoplasm 
becomes  filled  with  clear,  colourless,  highly  refractile,  rounded  globules 
or  granules,  at  firsl  usually  small  and  scattered,  and,  except  in  very  acute 
cases,  with  only  a  slight  tendency  to  run  together,  the  nucleus  remaining 
more  or  less  in  its  normal  position,  and  shewing  distinct  degenerative 
changes  such  as  karyolvsis  or  karyorrhexis.  The  fatty  panicles  may  be 
scattered  irregularly  throughout  the  cytoplasm,  but  in  some  cases  they 
tend  to  I  ecial  positions,  e.g.  in  the  deeper  parts  of  the 

epithelial  glandular  cells  lining  the  secreting  tubules  of  the  kidney.  In 
degenerating  muscle-fibres,  they   are   usually  arranged  in   longitudinal 
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PLATE   I 

Fig.  1. — Fatty  Infiltration  of  Liver.  Frozen  section  stained  with  Scarlet  Red  and 
ll;i'iiiatin  The  fat  is  seen  in  the  form  of  large  globules  contained  in,  and  dis- 
tending, the  liver-cells  towards  the  periphyer  of  the  lobules.  l" 

Fig.  2. — Fatty  Degeneration  of  Kidney.  Frozen  section  stained  with  Nile-blue  (Lorrain 
Smith's  method).  Numerous  small,  discrete,  fatty  globules  and  particles  are 
shewn  in  the  colls  of  the  secreting  tubules,  more  especially  towards  their  outer 
parts,  i.  e.  next  the  basement-membrane. 


FlG.  3. — Fatty  Degeneration  of  Liver  from  a  case  of  delayed  chloroform -poisoning.  Frozen 
section  stained  with  Sudan  III.  and  Haematin.  The  fatty  material  is  stained  a 
re  Idisli-orange  colour,  and  is  arranged  in  smaller  particles  towards  the  centre  of 
the  lobule  (lower  part  of  section),  where  the  cells  shew  considerable  atrophy. 
The  tat  towards  the  periphery  is  in  larger  globules  which  distend  the  cells.  The 
capillaries  between  the  columns  of  liver-cells  shew  chronic  venous  congestion. 
At  the  upper  margin  of  the  figure  is  seen  a  portion  of  a  portal  tract,  with  sections 
of  a  bile-duct,  hepatic  artery,  and  part  of  a  portal  vein. 

FlO.  A.--.\tJi< roma  of  Aorta.  Frozen  section  stained  with  Sudan  III.  and  Haamatin. 
Towards  the  lumen  of  the  vessel  (upper  margin  of  section)  is  r-een  the  laminated 
thickening  of  the  inner  coat.  As  this  is  traced  outwards,  the  fatty  material 
incre  tees  m  amount  till,  towards  the  middle  coat,  it  is  contained  in  large  necrotic 
Bpaces,  which  also  contain  calcareous  particles  Btaine  1  dark  blue  with  ILematin. 
The  internal  elastic  lamina  has  undergone  degeneration  and  fragmentation.  The 
middle  coat  shews  slight  degenerative  changes  towards  its  inner  part.  Outer 
coat  is  not  specially  ale  X40 
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rows.     The  patchy  distribution  or  otherwise  of  the  change  in  the  different 
organs  will  also  be  evident  on  microscopical  examination. 

Chemical  and  Staining  Reactions. — As  already  indicated,  fatty  substances 
within  the  body  may  be  found  in  the  form  of  neutral  fats,  fatty  acids, 
soaps,  or  compounds  of  any  of  these  with  albumins  or  other  substances 
("fat-albumin,"  "soap-albumin,"  etc.),  or  as  complex  phosphatides  or 
phospho-lipins.  Recent  work  indicates  that  fatty  degeneration  may  occur 
in  some  cases  without  any  true  increase  in  the  amount  of  fat  in  an  organ 
as  determined  by  chemical  analysis.  The  appearance  of  fat  in  such  cases 
is  believed  to  be  due  to  autolysis  of  phosphatides  or  other  complex  lipins, 
previously  masked  fat  thus  becoming  visible  and  demonstrable  by  means 


Fig.  8. — Fatty  Degeneration  of  Epithelial  Cells  of  Convoluted  Tubules  of  Kidney.  The 
clear  areas  represent  the  position  from  which  the  fat-globules  have  been  dissolved 
out  in  the  process  of  embedding  in  paraffin  for  section,      x  450. 

of  the  usual  specific  stains.  These  bodies  differ  greatly  from  one  another 
with  regard  to  their  solubility  in  various  reagents.  Thus,  sodium  and 
potassium  soaps  are  freely  soluble  in  water,  and  are  therefore  diffusible — 
calcium  soap,  however,  being  insoluble,  and  possibly  playing  a  part  in  the 
process  of  calcification.  Neutral  fats  are  freely  soluble  in  chloroform, 
ether,  benzole,  xylol,  etc. ;  and  therefore,  in  paraffin-sections,  where  any 
of  these  substances  have  been  employed  during  the  embedding  and  stain- 
ing processes,  the  positions  previously  occupied  by  the  fat-globules  will 
appear  as  clear,  colourless,  vacuole-like  spaces,  from  which  the  fat  has 
been  dissolved  out.  Neutral  fats  are  soluble  in  petroleum-ether,  but 
soaps  are  not,  and  this  forms  a  valuable  differential  tost  for  distinguishing 
between  them.  Soaps  are  rendered  less  soluble  by  their  combination 
with  albumins  (Klotz),  such  compounds  being  practically  insoluble  in 
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Neutral  fats  and  sodium  and  potassium  soaps  are 


water  and  in  alcohol, 
soluble  in  hot  alcohol. 

The  most  generally  used  stains  for  the  demonstration  of  fat  are  osmic 
acid,  Sudan  111.,  and  Scarlet  Red.  The  first  of  these  (osmic  acid)  is  best 
used  according  to  Maichi's  method,  but  it  must  be  borne  in  mind  that  it 
only  reacts  with  oleic  acid  and  olein,  which  are  stained  an  intense  black, 
whilst  stearic  and  palmitic  acids  and  their  corresponding  fats  are  not 
affected.     Sudan  III.  stains  the  neutral  fats  and  fatty  acids  an  intense 


Fir,.  9. — Fatty  Degeneration  of  Heart-Muscle  in  Pernicious  Anaemia,  shewing  the  fatty 
]  (articles  and  globules  in  longitudinal  rows  in  the  muscle -fibres.  Osraic  acid. 
X  400. 

reddish-orange  colour,  whilst  soaps  take  on  a  somewhat  lighter  pinkish- 
yellow  tint.  Scarlet  Red  closely  resembles  Sudan  III.  in  its  reactions. 
None  of  these  stains  is  absolutely  differential,  certain  non-fatty  granules 
being  also  frequently  stained.  The  most  reliable  results  are  those 
obtained  with  Sudan  III. 

Lorrain  Smith  x  has  described  a  method  by  means  of  which  fats  may 

1  Lorrain  Smith,  "  The  Staining  of  Fat  with  Basic  Aniline  Dyes,"  Journal  of 
Pathology  and  Bacteriology,  Edinburgh  and  London,  vol.  xi.,  Jan.  1907,  p.  415;  and 
"  On  the  Simultaneous  Staining  of  Neutral  Fat  and  Fatty  Acid  by  Oxazine  Dyes," 
ibid.,  vol.  xii.,  Oct.  1007,  p.  1,  and  vol.  xv.  p.  53.  {See  also  "A  Reaction  of 
Certain  Colouring  Matters  of  the  Oxazine  Series,"  by  Jocelyn  Field  Thorpe, 
Transactions  of  the  Chemical  Society,  1907,  vol.  xci.  p.  324.) 
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be  differentially  stained  by  almost  any  of  the  ordinary  aniline  dyes,  his 
new  Nile-blue  method  giving  very  beautiful  results.1 

Course  and  Result  of  Fatty  Degeneration. — The  length  of  time  required 
for  the  production  of  fatty  degeneration  varies  indefinitely  in  different 
cases.  It  may  be  produced  in  a  few  hours,  for  example,  by  intense  septic 
poisoning.  In  other  cases  it  may  take  a  much  longer  period .  As  already 
indicated,  it  may  be  combined  with  or  may  follow  cloudy  swelling, 
especially  if  the  toxin  be  more  intense  or  prolonged  in  its  action. 

If  the  cause  be  removed  in  time  and  the  damage  to  the  cells  be  not  too 
severe,  recovery,  complete  or  partial,  may  occur;  or,  again,  the  process 
may  go  on  to  necrosis  or  death  of  the  cell.  If  the  individual  survives, 
this  may,  in  turn,  be  followed  by  absorption,  total  or  partial,  of  the 
dead  cells,  or  by  the  deposition  of  acicular  crystals  of  the  fatty  acids, 
cholesterol,  etc.,  or  the  damaged  area  may  undergo  calcification. 

FATTY  INFILTRATION  is  an  increase  of  fat  in  cells  which  normally 
contain  some  fat-  or  oil-globules — for  example,  the  cells  of  the  liver, 
suprarenal  cortex,  salivary  glands,  pancreas,  and  kidney  (the  last  men- 
tioned especially  in  the  cat  and  dog).  The  term  adiposity  or  obesity  is 
applied  to  the  condition  where  there  is  an  undue  accumulation  of  fat 
in  the  ordinary  storage  areas,  such  as  the  subcutaneous,  omental,  extra- 
peritoneal, and  other  connective  tissues.  It  may  be  noted  here  that  the 
condition  of  the  heart,  usually,  but  somewhat  loosely,  called  "  fatty 
infiltration,"  should  rather  be  termed  "  adiposity  "  of  that  organ,  as  the 
fat  is  deposited,  not  in  the  muscle-cells,  but  in  the  sub-epicardial  and 
intermuscular  connective  tissue,  in  the  former  of  which  positions  the 
presence  of  a  small  amount  of  fat  may  be  regarded  as  a  practically  normal 
occurrence. 

As  we  have  already  seen,  the  condition  of  fatty  infiltration  is  often 
very  closely  allied  to  fatty  degeneration,  many  authorities  holding  that 
all  cases  of  the  latter  should  really  be  regarded  as  forms  of  fatty  infiltra- 
tion occurring  in  previously  damaged  cells,  i.  e.  a  "  degenerative  fatty 
infiltration,"  whilst  ordinary  fatty  infiltration  is  supposed  to  occur  in 
cells  not  previously  damaged.  Pure  fatty  infiltration  without  any  accom- 
panying degenerative  changes  in  the  cell  is  probably  of  rare  occurrence, 

1  The  following  is  a  brief  resume  of  Lorrain  Smith's  results,  abstracted  from  his 
papers  in  the  Journal  of  Pathology.  Nile-blue  sulphate  A  is  a  salt  of  a  colour-base 
of  the  oxazine  series.  The  free  base  is  red  in  colour,  and  forms  blue-coloured  salts 
with  acids.  "  When  the  fat  is  neutral,  this  dye  colours  it  a  bright  red,  whereas, 
if  the  globule  contains  fatty  acid  in  large  proportion,  the  stain  colours  it  a  deep 
blue — the  blue  staining  of  the  fatty  acid  being  due  to  the  union  of  the  oxazine  base 
with  the  fatty  acid  in  the  form  of  a  blue-coloured  soap-like  compound.  If,  in  the 
third  place,  there  be  chiefly  neutral  fat  present,  with  a  small  admixture  of  fatty  acid, 
the  globule  takes  a  colour  compounded  of  blue  and  red,  the  shade  varying  accord- 
ing to  the  mixture."  When  Nile-blue  sulphate  is  heated  with  dilute  sulphuric 
acid,  the  oxazine  base  is  gradually  converted  into  oxazone.  "  The  oxazone  in 
relation  to  fats  behaves  like  Sudan  III.  and  Scarlet  Red.  Like  those  bodies,  it  is 
chemically  indifferent."  Several  later  investigators  have  fallen  into  the  error  of 
failing  to  distinguish  between  the  oxazine  base  and  oxazone. 
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either  when  the  excess  is  due  to  an  over-abundant  supply  or  to  a 
defective  using  up  of  fat,  the  deposition  of  fat  from  outside  being  favoured 
by  lowering  the  vitality  of  the  cell,  in  which  case  there  also  naturally 
tends  to  be  a  defective  using  up  of  fat  by  the  cell,  with  less  or  perhaps  no 
building  up  of  "  soap-albumin  "  (or  "  protein-fat  "),  the  fat  thus  remain- 
ing in  stainable  form.  A  physiological  example  of  the  process  is  found 
in  the  tissues  of  hibernating  animals. 

Causes  of  Fatty  Infiltration. — In  many  cases  the  condition  appears  to 


FlQ.  10. — Fatty   Infiltration   of   Skeletal   Muscle   (Erector  Spina,')   occurring   in 
Pstudo-Hypertrophic  Muscular  Atrophy.     Stained  with  osinic  acid.      X  200. 


be  closely  allied  to  fatty  degeneration,  and  may  occur  along  with  it  from 
similar  causes,  for  example  in  phthisis,  or  after  typhoid  fever.  The  other 
possible  factors  in  its  causation  have  already  been  sufficiently  discussed. 
Microscopical  Appearances.— A  detailed  account  of  the  effects  of  fatty 
infiltration  in  the  various  organs  and  tissues  need  not  be  given  here. 
In  the  liver,  the  change  is  specially  seen  in  the  cells  around  the  portal 
tracts,  towards  the  periphery  of  the  lobule,  and  it  then  tends  to  spread 
progressively  inwards  as  the  condition  becomes  more  advanced.  The 
globules  of  fat  show  a  tendency  to  coalesce  and  push  the  nucleus  towards 
one  side  of  the  cell,  giving  it  very  much  the  appearance  of  an  ordinary 
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fat-cell.  The  condition  is  very  frequently  seen  in  cases  of  chronic  venous 
congestion,  a  combination  which,  when  advanced,  produces  the  character- 
istic appearance  sometimes  described  as  "  nutmeg  liver." 


GENERAL  ADIPOSITY  or  OBESITY,  i.  e.  abnormal  increase  of  fat 
in  the  usual  storage-areas,  may  be  brought  about  by  various  causes. 
Excess  of  food,  especially  if  combined  with  lack  of  exercise,  and  the  con- 
sequent defective  using  up 
of  the  ingested  food,  is  a 
common  cause  of  the  condi- 
tion, as  are  also  alcoholic 
drinks,  especially  beer.  It 
may  follow  castration,  a 
method  employed  in  the 
fattening  of  stock;  and  an 
analogous  change  may  occur 
after  pregnancy,  during  lacta- 
tion, or  at  the  menopause, 
and  also  in  certain  cases  of 
insanity.  In  some  instances 
of  disturbed  metabolism  from 
unknown  causes,  a  similar 
change  may  be  seen,  and 
sometimes  appears  to  be  due 
to  disease  of  the  thyroid  or 
some  other  ductless  gland 
(see  Chapter  XXII).  A  local 
increase  of  fat  may  occur  in 
or  around  atrophying  organs, 

for  example,  round  the  involuting  thymus,  or  around  and  in  the  hilus  of 
a  chronic  granular  contracted  kidney. 

"  Fatty  infiltration  of  the  heart "  should,  as  already  indicated,  rather 
be  regarded  as  an  increased  adiposity  of  the  organ,  where  there  is  an  ab- 
normal increase  of  subepicardial  fat,  first  in  its  normal  positions,  later 
passing  in  along  the  lines  of  the  vessels,  and  finally  passing  in  between 
the  muscular  bundles,  and  even  between  the  individual  fibres,  thus 
interfering  with  their  nutrition,  and  tending  to  produce  atrophy. 


Fig.  11. — Fatty  Infiltration  of  Myocardium  of 
Right  Ventricle.  The  muscular  fibres  have 
been  almost  completely  replaced  by  fat. 
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THE   MUCINOID   (MUCOID   AND   COLLOID) 
DEGENERATIONS 

Mucoid  and  Colloid  Degenerations  are  by  many  authorities  considered 
separately.  There  is,  however,  no  absolute  chemical  difference  or  distinct 
line  of  demarcation  between  them,  and  it  is  convenient  to  class  them 
together  under  the  common  term  Mucinoid  Degeneration,  as  suggested 
by  Greenfield  and  Lyon,1  the  essential  cellular  changes  in  both  being 
similar,  and  the  chief  difference  lying  in  the  fact  that,  in  the  so-called 
colloid  degeneration,  the  colloid  substance  produced  tends  to  be  firmer 
or  more  inspissated  in  its  physical  characters,  like  thickened  glue,  whilst 
the  products  of  mucoid  degeneration  are  more  like  thin  jelly,  or  in  some 
cases  are  even  almost  fluid  in  their  consistence.  In  the  case  of  the  thyroid 
gland,  in  some  phases  of  its  activity,  for  example  in  catarrhal  conditions 
where  there  is  hyperactivity  of  its  secretory  functions,  the  normal  colloid 
substance  may  be  rapidly  transformed  into  mucoid  material.  A  some- 
what analogous  change  is  also  seen  in  the  thyroid  gland  in  cases  of 
exophthalmic  goitre. 

Both  forms  of  degeneration  are  characterised  by  the  presence  of  gluco- 
protein  substances,  for  example  the  mucins  and  mucoids,  etc.,  colloid 
material  being  said  to  differ  from  these  only  in  a  few  minor  points,  such 
as  the  possession  of  a  slightly  higher  sulphur-content,  precipitation  with 
tannin  or  tannic  acid,  etc. 

The  Mucins  are  complex  protein  substances  containing  a  carbohydrate 
radicle,  i.  e.  they  are  gluco-proteins.  They  are  the  cause  of  the  sliminess  of 
the  mucous  secretions  of  the  respiratory  and  alimentary  tracts  ;  and  substances 
closely  allied  to  them  are  also  found  in  the  urine  (a  mucinoid)  and  bile  (a 
mucinoid  nucleo-albumin).  The  mucins  are  also  closely  allied  to  the  mucinoids 
or  mucoids  normally  found  in  the  connective  tissues. 

Mucin,  if  dried  and  then  added  to  water,  swells  and  forms  a  slimy  or  gum- 
like mucilage,  and  is  soluble  only  with  difficulty.  On  the  addition  of  acetic 
acid  it  is  precipitated  in  the  form  of  a  tough  adhesive  curd,  insoluble  in  excess, 
but  easily  soluble  in  excess  of  hydrochloric  acid.  It  is  not  coagulated  on 
boiling,  and  is  readily  soluble  in  alkalies.  With  alcohol  it  is  not  precipitated 
unless  in  the  presence  of  a  sufficient  quantity  of  neutral  salts,  in  the  absence 
of  which  only  a  pale  opalescence  is  produced.  It  is  precipitated  by  copper 
sulphate,  mercuric  and  ferric  chlorides,  and  lead  acetate,  but  not  by  tannin 
or  potassium  ferrocyanide. 

The  Pseudomucins,  also  gluco-protein  substances  closely  allied  to  the 
mucins,  are  sometimes  found  in  the  contents  of  certain  cysts,  especially  in 
those  of  the  ovary.  They  are  freely  soluble  in  water,  and  are  not  precipitated 
by  acetic  acid  or  by  the  mineral  acids.  Alcohol  produces  with  them  a  tough 
curd-like  precipitate,  but  otherwise  they  react  very  much  like  true  mucins. 
The  Paramucins,  also  members  of  the  gluco-protein  group,  and  sometimes 
found  in  the  form  of  a  clear  "  trembling  jelly  "  in  ovarian  and  other  cysts,  are 
insoluble  in  water,  and,  except  for  the  fact  that  they  are  precipitated  by  tannin, 
react  like  the  mucins. 

The  Mucoids  or  Mucinoids  of  connective  tissue  are  precipitated  by  acids, 
and  are  soluble  in  dilute  alkalies.     They  do  not  give  any  precipitate  with 

1  Greenfield  and  Lyon,  Chapters  in  Patholojy,  Edinburgh,  1905,  p.  15. 
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tannin.  They  are  gluco-proteins,  and  do  not  essentially  differ  from  the  mucins 
except  by  the  possession  of  a  higher  sulphur-content.  Members  of  this  group 
are  found  in  tendon,  bone,  cartilage,  etc.,  and  in  certain  of  the  body-fluids. 

The  reducing  carbohydrate  yielded  by  all  these  substances  as  a  result  of 
hydrolysis  with  dilute  mineral  acids  contains  nitrogen,  and  is  either  glucos- 
amine or  a  closely-allied  substance. 

Colloid  material  resembles  stiffened  glue  in  consistence.  It  is  semi-solid, 
translucent  and  homogeneous  in  appearance,  and  is  usually  yellowish  or 
brownish-yellow  in  colour.  It  does  not  swell  in  water ;  it  is  precipitated  by 
tannic  acid,  but  not  by  acetic  acid ;  and  it  stains  a  characteristic  orange  colour 
with  picro-carmine  or  with  van  Gieson's  picro-fuchsin. 


Fig.  12. — Mucoid  Degeneration  of  Cells  in  "  Colloid  "   Cancer,     x  200. 

These  degenerations  are  best  studied  in  two  groups,  as  follows  : — 
j  j(a)  Mucoid  Degeneration  of  Cells. 
'{(b)  Colloid  Degeneration  of  Cells. 
II.  Mucoid  (or  "  Myxomatous  ")  Degeneraton  of  Connective  Tissues, 


I.  (a)  MUCOID  DEGENERATION  OF  CELLS 

Mucin  is  normally  secreted  by  the  chalice-  or  goblet-  cells  of 
mucous  membranes  and  by  the  cells  of  mucous  glands.  In  these  cells 
it  first  becomes  visible  as  the  so-called  mucigen  "  secretion-granules." 
Towards  the  free  end  of  the  cell  these  gradually  swell  and  coalesce  to 
form  a  clear,  transparent,  colloidal  or  jelly-like  substance,  which  distends 
the  cytoplasm  next  the  lumen.  It  is  then  secreted,  there  being  in  this 
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physiological  process  no  disintegration  of  the  cyto-reticulum  or  injury 
to  the  vitality  of  the  cell. 

Under  certain  conditions,  a  pathological  exaggeration  of  this  process 
may  be  found  in  these  mucus-secreting  cells,  for  example  in  catarrhal 
inflammation  of  mucous  membranes,  in  which  condition  there  occu 
series  of  changes  practically  similar  to  cloudy  swelling.  Analogous  changes 
may  occur  in  other  glandular  epithelial  cells,  for  example  in  those  of  the 
kidney,  thyroid,  etc.,  or  in  epithelial  tumour-cells,  e.g.  in  ca]  wing 

from  the  stomach,  intestine,  etc.,  or  in  compound  cystic  ovarian  adeno- 
mata. The  cells  tend  to  swell  into  a  clear,  soft,  jelly-like  mass,  contain- 
ing mucin,  pseudo-mucin,  or  paramucin.  If  secreted  into  a  closed  cavity. 
these  will  accumulate;  if  on  a  free  surface,  there  will  be  increased  flow 
of  secretion.  In  this  pathological  process,  unlike  what  occurs  in  the 
case  of  the  physiological  secretion  of  the  mucin,  the  protoplasm  of  the 
cells  tends  to  disintegrate,  the  intercellular  cement-substance  may  undergo 
solution,  and  the  cells  themselves  may  pass  into  and  blend  with  the 
secretion — a  process  also  well  seen  in  the  colloid  forms  of  the  degeneration. 


I.  (6)  COLLOID  DEGENERATION  OF  CELLS 

Colloid  transformation  of  cells  occurs  as  a  normal  process  in  the  closed 
glandular  spaces  of  the  thyroid,  and  to  a  less  extent  in  those  of  the 
pituitary  and  prostate  glands.  In  these  the  colloid  material  is  produced 
by  the  direct  transformation  of  the  protoplasm  of  the  epithelial  cells  them- 
selves. The  cells  become  swollen,  are  cast  off,  and  become  fused  together 
to  form  the  colloid  mass  in  the  lumen.  In  certain  abnormally  active 
conditions  of  these  glands,  for  example  in  acute  fevers  and  septicaemias, 
the  colloid  may  become  absorbed,  and  may  be  replaced  by  more  fluid 
mucoid  material — a  sort  of  catarrhal  condition.  Similarly,  in  exophthal- 
mic goitre  a  more  active  condition  of  the  thyroid  gland  supervenes, 
and  is  characterised  by  the  disappearance  of  the  colloid  material,  which 
is  in  all  probability  merely  a  more  or  less  inert  "  by-product,"  in  which 
the  active  substances  produced  by  the  gland  are  dissolved — just  as  codeia 
or  some  such  powerful  drug  may  be  conveniently  dissolved  and  kept  in 
jelly — to  undergo  absorption  when  required. 

The  thick,  colloid  character  of  the  material  in  these  cases  is  probably 
largely  due  to  the  fact  that  the  secretion  is  poured  into  a  closed  space, 
the  more  fluid  part  of  the  secretion  being  absorbed  into  the  blood  or 
lymph.  Owing  to  the  fact  that  the  colloid  is  formed  directly  from  the 
cells,  a  somewhat  concentric  structure  is  sometimes  observable,  correspond- 
ing  to  various  layers  of  cells  which  have  undergone  the  change.  The 
blocking  of  ducts  or  tubules  in  any  gland  which  secretes  mucin  or  mucinoid 
substances  will  give  rise  to  similar  accumulation,  for  example  in  the  case 
of  colloid  casts  in  kidney-tubules  which  have  become  obstructed  from 
any  cause.     Such  colloid  accumulations  may  later  undergo  calcification. 
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In  certain  positions,  for  example  in  the  kidney,  prostate,  lungs,  and, 
perhaps  most  frequently  of  all,  in  the  central  nervous  system,  small 
spherical  or  ovoid  bodies  are  sometimes  seen,  which,  upon  microscopical 
examination,  are  found  to  have  an  irregularly  concentric  laminated 
appearance,  somewhat  similar  to  the  structure  of  a  grain  of  starch ; 
hence  the  nan^e  corpora  amylacea  usually  applied  to  them.  These  bodies 
have,  however,  no  connection  with  the  process  of  waxy  or  amyloid  disease 
proper,  though  they  may  give  a  brownish  colour-reaction  with  iodine. 
They  may  also  be  found  occurring  in  certain  tumours,  and  in  old  blood- 
clots  and  inflammatory  exudates.  In  the  case  of  certain  tissues  (e.g. 
those  of  the  central  nervous  system)  which  have  been  preserved  for  some 
time  in  spirit,  an  appearance  somewhat  resembling  these  bodies  may  be 
artificially  produced. 

In  all  probability  corpora  amylacea  are  formed  by  the  partial  fusion  of 
concentric  layers  of  cells  undergoing  some  sort  of  degenerative  process 
closely  allied  to  or  identical  with  colloid  degeneration  ;  and  in  some,  though 
not  in  all,  instances  they  appear  to  be  formed  around  a  small  vessel  which 
becomes  obliterated.  These  corpora  amylacea,  in  common  with  other  areas 
of  very  degenerated  tissue,  very  readily  undergo  secondary  calcification. 

II.  MUCOID    (OR    "  MYXOMATOUS ")    DEGENERATION    OF 
CONNECTIVE  TISSUES 

As  already  mentioned,  the  connective  tissues  normally  contain  certain 
members  of  the  gluco-protein  series. 

In  the  foetus,  mucoid  connective  tissue  is  the  normal  precursor  of 
all  the  connective  tissues,  and  it  is  also  found  in  the  umbilical  cord 
("  Wharton's  jelly").  It  is  foimed  of  stellate,  or  somewhat  irregular, 
cells,  with  long  branching  and  interlacing  processes,  lying  in  a  clear 
homogeneous  or  slightly  granular  semifluid  matrix  containing  mucin  or 
mucinoid  substances.  The  only  tissues  which  in  the  adult  body  retain 
their  resemblance  to  the  original  mucoid  tissue  are  the  vitreous  humour 
of  the  eye  and  the  pulp  of  the  teeth. 

Pathologically,  a  similar  appearance  may  be  found  as  a  retrogressive 
process  occurring  in  any  of  the  connective  tissues.  A  very  characteristic 
form  of  such  mucoid  degeneration  may  occur  in  the  bone-marrow  of  old 
and  debilitated  patients,  and  also  earlier  in  life  in  certain  cases  of  acute 
or  chronic  disease,  especially  in  alcoholic  subjects,  in  which  that  tissue 
has  become  exhausted.  The  blood-forming  elements  disappear,  and  the 
fat  of  the  adipose  tissue  is  absorbed,  the  protoplasm  of  the  fat-cells  being 
transformed — from  the  periphery  of  the  cell  inwards,  as  the  fat  disappears 
— into  a  fibrillated,  or  in  some  instances  a  somewhat  denser  homogeneous 
gelatinous  substance,  which  becomes  fused  with  that  formed  from  neigh- 
bouring cells.  The  process  may  also  occur  in  cartilage  or  in  the  bones 
of  old  people,  especially  if  these  tissues  are  undergoing  rapid  absorption. 

In  myxcedema — a  condition  due  to  atrophy  of  the  thyroid  gland— a 
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wide-spread  form  of   mucoid  degeneration  supervenes  in  the  conne 
tissues.    The  condition  here  appears  to  be  due  to  defective  nutrition 

and  interference  both  with  the  formative  and  with  the  absorptive  pro- 
cesses, which  in  the  normal  state  apparently  to  a  large  extent  dcj 
upon  the  influence  of  substances  secreted  by  the  thyroid,  and  perhaps 
also,  but  to  a  less  extent,  by  certain  of  the  other  glands.  Mucoid 
("  myxomatous ")  degeneration  is  not  infrequently  seen  in  various 
inflammatory  conditions,  for  example,  in  granulation-tissue,  and  in  the 
so-called  "  mucous  polypi  "  growing  from  the  mucous  membranes  of  the 
nose  or  nasopharynx,  intestine,  etc.  These  latter  are  often  described  as 
myxomatous  tumours,  but  they  are  in  all  probability  frequently  not  true 
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Fia.  13 — -Mucoid  ("  myxomatous  ")  Tumour  of  Breast,  shewing  characters  of  cells,    x  250. 

neoplasms,  but  rather  to  be  regarded  as  chronic  inflammatory  over- 
growths, which  become  polypoidal  owing  to  the  constant  movements  of 
the  contents  and  walls  of  the  passages  into  which  they  project,  whereby 
they  are  dragged  upon  and  tend  to  become  elongated. 

Mucoid  ("  myxomatous ")  degeneration  occurring  secondarily  in 
tumours  is  comparatively  common,  for  example  in  fibromas,  chondromas. 
lipomas,  cancers,  sarcomas,  etc.  The  so-called  "hydatid  mole"  or 
myxoma  of  the  chorion  may,  however,  for  the  present  at  all  events,  be 
regarded  as  a  true  neoplasm  or  new  growth. 

The  Changes  produced  in  the  Connective  Tissues  by  Mucoid  (i:  myxo- 
matous") Degeneration. — The  tissues  become  transformed  into  a  trans- 
parent or  semi-transparent,  more  or  less  homogeneous,  viscid  substance 
of  gelatinous  or  gummy  consistency.  Microscopically,  the  cells  typical 
of  the  condition  are  found  to  be  irregularly  stellate  or  triangular  in  out- 
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line,  and  possess  long,  delicate  processes  which  branch  and  anastomose 
with  one  another.  They  have  somewhat  large,  rounded  or  oval,  faintly 
staining  nuclei,  which  are  poor  in  chromatin.  The  matrix  or  intercellular 
ground-substance  may  be  homogeneous,  slightly  granular,  or  in  some 
instances  finely  fibrillated  in  structure,  and  varies  greatly  in  its  amount, 
the  cells  being  sometimes  widely  separated,  and  in  other  cases  more  closely 
arranged.  All  intermediate  stages  between  such  a  mucoid  "  (myxoma- 
tous ")  condition  and  fully  formed  connective  tissue  may  be  found. 

GLYCOGENOUS   INFILTRATION 

Glycogen  or  "  animal-starch,"  is  a  member  of  the  polysaccharose 
group  of  carbohydrates,  having  the  formula  (C6H10O5)n.  The  value  of  n 
is  still  uncertain.  It  is  found  in  most  of  the  actively  functioning  cells  of 
the  body,  and  especially  in  those  of  the  liver  and  muscular  tissue,  but  also, 
though  to  a  less  extent,  in  the  cells  of  the  kidney,  cartilage,  and  epithelium 
generally,  and  in  leucocytes.  Pathologically,  this  substance  may  be  in- 
creased in  any  of  these  situations,  and  it  may  also  be  found  in  certain 
tumours.  In  some  diseases,  e.  g.  diabetes  mellitus,  the  increase  is  very 
considerable.  In  certain  inflammatory  conditions,  acute  fevers  (e.  g.  pneu- 
monia), and  in  some  chronic  infective  diseases  and  cachexias,  especially 
tuberculosis,  there  may  be  considerable  increase  of  glycogen -granules  in 
the  cytoplasm  of  the  circulating  leucocytes  and  in  the  blood-plasma. 

Chemical  Tests  and  Reactions. — Glycogen  is  freely  soluble  in  water, 
and  forms  a  pale  opalescent  solution.  In  the  tissues  after  death,  it  is  very 
rapidly  converted  by  hydrolysis  into  glucose,  and  therefore,  for  microscop- 
ical examination,  rapid  fixation  in  alcohol,  in  which  reagent  it  is  insoluble, 
is  necessary.  With  iodine,  the  reddish-brown  iodide  of  glycogen  is  formed. 
This  colour  disappears  on  heating,  but  reappears  on  cooling.  Similarly, 
the  colour  is  discharged  on  the  addition  of  alkalies,  and  reappears  on 
making  slightly  acid  with  hydrochloric  acid .  Glycogen ,  if  free  from  glucose, 
does  not  reduce  cupric  oxide.     It  is  precipitated  by  basic  lead  acetate. 

Microscopically,  glycogen  appears  in  the  cell  in  the  form  of  small 
granules  or  droplets.  In  ordinary  sections  which  have  been  treated  with 
water,  these  are  dissolved  out,  leaving  vacuo le-like  spaces.  In  sections 
fixed  with  alcohol,  the  characteristic  golden-brown  reaction  is  obtained 
with  iodine. 

WAXY  DEGENERATION 

Waxy,  amyloid,  or  lardaceous  degeneration  is  a  retrogressive  process 
characterised  by  a  peculiar  change  in  certain  of  the  formed  connective- 
tissue  elements — especially  the  delicate  fibrillar  and  laminae — whereby 
they  swell  and  become  more  translucent,  homogeneous,  highlv-refractile 
and  resistant ;  and  whereby  the  affected  connective-tissue  elements  also 
assume  certain  very  distinctive  staining  reactions.  The  change  usually 
affects  first  the  delicate  connective  tissue  lying  between  and  supporting 
the  muscular  fibres  of  the  smaller  arterioles  (i.  e.  the  "  ultimate  arteiial 
distribution  ")  of   certain  organs;    spreading  later  io  the  "  perithelia!  " 


54  GENERAL  PATHOLOGY 

or  fine  supporting  connective  tissue  of  the  capillaries,  and  then  to  the 
connective  tissue  in  the  coats  of  the  veins.  At  the  same  time  it  also 
spreads  backwards  along  the  walls  of  the  arteries.  An  exception  to  the 
more  usual  form  of  distribution  of  the  change  here  described  is  found 
in  the  case  of  what  is  known  as  diffuse  waxy  spleen,  where  the  condition 
begins  in  the  perithelia]  connective-tissue  coats  of  the  venous  sinuses 
and  connective-tissue  reticulum  of  the  pulp;  though  it  is  also  usually 
found  at  the  same  time  in  the  connective  tissue  of  the  arterioles,  both 
in  the  Malpighian  bodies  and  in  the  pulp.  Another  exceptional  form  of 
distribution  is  seen  in  certain  very  rare  cases  wThere  the  connective  tissue 
between  the  collecting  tubules  towards  the  apices  of  the  Malpighian 
pyramids  in  the  kidney  is  especially  attacked. 

etiology. — Waxy  degeneration  is  most  commonly  found  in  chronic 
cases  of  tuberculosis,  especially  of  bones,  joints,  and  lungs ;  and  in  syphilis, 
both  in  its  congenital  and  in  its  acquired  forms.  "  Chronic  suppuration  " 
is  also  very  generally  stated  to  be  one  of  the  causes.  Many  of  those  cases 
described  as  "chronic  suppuration"  are  really  tuberculous  in  origin; 
and  we  think  it  would  be  more  correct  to  state  that  certain  toxic  pro- 
ducts, especially  those  of  bacterial  origin  acting  for  a  prolonged  period, 
may  cause  waxy  degeneration.  In  cases  of  tuberculosis,  it  is,  no  doubt, 
the  products  of  the  organismal  growth  which  give  rise  to  this  peculiar 
form  of  degeneration,  and  probably  the  same  is  true  of  syphilis.  It  has 
also  been  shewn  that  other  bacterial  or  toxic  diseases,  e.g.  rheumatism, 
may  give  rise  to  this  condition.  Beattie  x  records  four  cases  of  amyloid 
degeneration  following  repeated  attacks  of  acute  rheumatism,  where  all 
other  causes  appeared  to  be  definitely  excluded ;  and  this  confirms  the 
observations  of  Gibson,2  in  his  thesis  upon  Hyaline  and  Waxy  Degenera- 
tion, in  which  he  gives  a  synopsis  of  all  the  cases  of  waxy  disease  occurring 
in  the  records  of  post-mortem  examinations  conducted  in  the  Pathological 
Department  of  the  Edinburgh  Royal  Infirmary  during  the  periods  of 
L852-62  and  1870-86. 

Out  of  a  total  of  430  cases  of  waxy  disease,  the  condition  was  found 

iciated  with : — 

Chronic  Phthisis              .          .          .          .          .          .          .          .  in  193 

Chronic  Suppurative  Conditions  of  Bones  and  Joints           .         ,  ,,  46 

Chronic  Abscesses  and  Ulcerations  .          .          .          .          .          .  ,,  66 

Syphilis        .          . „  75 

Enlargement   of   Heart,    Hypertrophy    with    Valvular    Disease 

following  Rheumatism  (no  history  of  Suppuration  or  Syphilis) .  ,, 

**  Malignant  Disease "  (no  note  of  Suppuration)         .         .  ,,  5 

No  data  uiven  in  record           .          .          .          .          .          .  ,,  25 


430 


1  Beattie,  "  Rheumatic  Fever  and  Amyloid  Degeneration,"  Brit,  Med.  Jour.., 
Nov.  24,  1896,  p.  1  m. 

1  Gibson.  "  Hyaline  and  Waxy  Degeneration,"  Thesis  for  the  Degree  of  M.D.  in 
the  University  of  Edinburgh  (awarded  a  gold  medal)  1887. 
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From  this  table  it  will  be  seen  that  a  certain  proportion  of  cases 
occurs  where  there  is  no  definite  evidence  of  any  of  the  usually  described 
causes  being  at  work.  Further,  waxy  disease  has  been  described  as 
occurring  occasionally  in  certain  cases  of  leucocytha3mia,  lymphadenoma, 
chronic  malaria,  chronic  dysentery,  and  cancer.  It  is  true  that  in  most 
of  the  cases  the  details  are  not  sufficient  absolutely  to  exclude  syphilis 
or  other  of  the  more  common  causes ;  but  still,  in  these  cases,  toxic 
products,  bacterial  or  cellular,  are  being  produced,  and  we  must,  at  any 
rate,  regard  them  as  possible  factors  in  the  causation  of  the  condition. 

Ultimate  Nature  of  the  Change. — Amyloid  or  waxy  material  is  albuminous 
in  its  nature — not  fatty  or  starchy,  as  was  supposed  by  some  of  the 
earlier  observers.  In  1840,  Rokitansky  described  the  condition  as 
lardaceous  disease,  because  of  the  resemblance  of  the  affected  organs  to 
bacon.  In  1845,  Dr.  Budd,  of  Bristol,  described  it  as  a  "  scrofulous," 
i.  e.  tuberculous,  disease,  and  applied  the  term  "  waxy  "  to  the  condition 
because  of  the  naked-eye  appearance  of  the  affected  tissues.  Seven  years 
later,  Budd  described  this  waxy  change  as  occurring  between,  and  not 
in,  the  cells.  He  had  the  waxy  material  analysed  by  Professor  Miller, 
of  King's  College,  London,  by  whom  it  was  found  to  be  albuminous  in 
its  composition,  the  contained  carbon,  hydrogen,  nitrogen,  and  oxygen 
being  present  in  their  protein  proportions.  In  1853,  a  discussion  on  the 
subject  took  place  at  a  meeting  of  the  Medico-Chirurgical  Society  of  Edin- 
burgh, and  the  albuminous  nature  of  the  change  was  on  that  occasion 
definitely  recognised  by  Hughes  Bennett,  Gairdner,  and  Sanders.  Never- 
theless, in  the  following  year,  Virchow  and  others  of  the  German  school 
came  to  the  conclusion  that  the  waxy  material  was  an  animal  cellulose 
of  the  nature  of  starch,  because  of  its  brown  reaction  with  iodine,  and 
because  of  the  production  of  a  blue  colour  with  iodine  and  sulphuric  acid. 
It  was  for  this  reason  that  Virchow  applied  the  misleading  but  now  very 
generally  used  term  "  amyloid  "  to  the  condition.  This  view  was  proved 
erroneous  in  1859  by  Friedreich  and  Kekule,  who  confirmed  the  view  of 
Miller  that  the  change  was  albuminous  or  protein  in  nature.  Kekule 
also,  in  his  experimental  work,  found  that  amyloid  material  was  very 
resistant  to  the  action  of  artificial  peptic  digestion,  and,  by  utilising 
this  fact,  he  claims  to  have  been  able  to  isolate  the  material — which 
he  terms  "  lardacein  " — in  a  condition  of  purity.  He  states  that  it  is 
an  albuminoid  substance,  allied  to  keratin  and  elastin.  After  very 
long  peptic  digestion,  the  substance  is  broken  up  into  the  ordinary 
products  of  protein-hydrolysis. 

Mann,1  in  his  Chemistry  of  the  Proteids,  states  that  amyloid  or  waxy 
material  is  probably  a  gluco-protein  in  which  the  carbohydrate  radicle 
has  not  yet  been  demonstrated.  It  gives  all  the  usual  colour  reactions 
of  the  albumins  (except  the  lead  sulphide  test),  the  albumin  being  hitherto 
regarded  as  being  probably  in  combination  with  chondro-  or  chondroitin- 

1  Mann's  Chemistry  of  the  Proteids,  London,  Macmillan  &  Co.,  190C. 


56  GENERAL  PATHOLOGY 

sulphuric  acid,  an  observation  first  made  by  Oddi  in  1894,  and  supported 
by  Krawkow  in  1897.  More  recently,  however,  Hanssen,  in  1908,  st 
that  he  found  no  chondroitin-sulphuric  acid  in  pure  amyloid  material 
isolated  mechanically  from  sago-waxy  spleens,  although  excess  of  sulphur 
(in  tin*  form  of  sulphate)  was  present  in  such  spleens  when  analysed  as 
a  whole.  Further  observations  are  therefore  required  before  any  definite 
statement  can  be  made  on  the  subject.  Analysis  of  amyloid  material 
from  different  organs  gives  considerably  varying  results,  from  which  it 
has  been  inferred  that  the  protein  constituent  may  vary  in  the  different 
organs.  It  is  said  to  possess  a  greater  sulphur-  and  oxygen-content 
than  does  elastin,  to  which  it  appears  to  be  related;  and  it  is  in  some 
ways  chemically  analogous  to  the  nucleo-protein  group.  Amyloid 
material  is  very  slowly  and  imperfectly  digested  by  pepsin ;  and  more 
completely  digested  by  trypsin  and  by  autolytic  enzymes.  From  these 
and  other  data  it  is  extremely  probable  that  amyloid  is  produced  by 
the  transformation  in  situ  of  the  tissue-proteins.1  The  more  recent 
investigations  of  Neuberg  have  thrown  additional  light  on  the  chemical 
nature  of  amyloid,  especially  with  regard  to  the  protein  substance  com- 
bined with  chondroitin-sulphuric  acid.  This  protein  appears  to  be 
closely  related  to  the  protamines  and  histones,  yielding,  on  complete 
hydrolysis,  a  high  percentage  of  the  diamino-acids.  Amyloid  obtained 
from  the  liver  was  found  to  yield  43*2  per  cent,  of  its  total  nitrogen 
in  the  form  of  monamino-acids,  512  per  cent,  as  diamino-acids,  and 
4' 92  per  cent,  as  amides.  The  corresponding  figures  for  amyloid  separ- 
ated from  the  spleen  were  30*6,  57,  and  11*2  per  cent.  It  is  noteworthy 
that  histidine  has  not  been  found  amongst  the  basic  products.  This 
waxy  material  is  not,  as  was  at  one  time  supposed,  a  precipitate  from 
the  blood.  The  change  occurs  specially  in  organs  in  which  the  pro- 
founder  metabolic  changes  occur,  or  in  which  excretion  is  carried  on. 
These  organs  are  very  liable  to  damage  in  various  toxic  and  organismal 
diseases,  in  which  they  are  specially  concerned  in  the  destruction  or 
elimination  of  toxins  ;  and  it  is  most  probable  that  waxy  disease  is  due  to 
some  deleterious  substance  or  toxin  acting  upon  the  connective-tissue 
elements,  and  so  modifying  them  chemically  or  physically  that  they  tend 
to  tak«*  up  certain  normal,  or  more  probably  abnormal,  protein  substances 
from  the  surrounding  blood  or  lymph  (c/.  the  somewhat  analogous  changes 
Been  in  hyaline  degeneration  in  cases  of  diphtheria  or  scarlet  fever). 

The  result  of  direct  experiment  appears  to  confirm  the  view  that  the 
change  is  due  to  the  action  of  bacterial  or  other  toxins.  For  example, 
Davidsohn  -  produced  what  appeared  to  be  true  waxy  disease  in  animals 
(chickens  and  rabbits)  after  repeated  inoculations  with  Staphy1o<< 
especially  if  these  organisms  were  modified  in  various  ways — for  example. 
it  isolated  from  tuberculous  cases.    He  obtained  negative  results  with 

1  For  a  fuller  account  of  the  Chemistry  of  Amyloid,  leal  Pathology,  by 

Well-;,  3rd  edition,  1918,  Saundera  Co.,  Philadelphia  and  London,  p.  417  (from 
which  the  above  account  is  partly  taken). 

J  Davidsohn,  Virchow's  Arckiv,  1897,  vol.  cl.  p.  16. 
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PLATE    II 

!         1.    -Waxy  or  Amyloid  Degeneration  of  Spleen  [Sago-waxy  form).     1  bioni 

Btained  with  Iodine,  shewing  portions  of  two  Malpighian  bodie 
pulp.     L'ppor  section  seen  with  transmitted,  lower  with  reflected  light. 

FlO.  2.  Waxy  <>r  Amyloid  Degeneration  of  Spleen  (Diffuse  form).  Frozen  section  stained 
with  methyl  violet.  The  perithelia]  COatfl  of  the  venous  Binusefl  and  the  reticulum 
of  the  pulp  shew  waxy  degeneration.  The  endothelium  lining  the  sinuses  (which 
shew  chronic  venous  congestion)  is  not  affected  by  the  waxy  change. 


;.  -Waxy  or  Amyloid  Degeneration  of  Liver.  Frozen  section  stained  with  methyl 
violet.  Longitudinal  section  of  a  vessel  (a  Portal  vein)  shewing  implication 
of  connective  supporting  tissue  of  the  muscular  coat.  In  the  neighbouring  liver- 
tissue,  the  connective  tissue  of  the  capillaries  is  extensively  affected.  X  70 


Fig.  4. —  Waxy  or  Amyloid  Degeneration  of  Kidney.  Frozen  section  stained  with  methyl 
violet,  to  shew  waxy  change  in  capillaries  and  afferent  arteriolo  glomerulus. 
The  intertubular  capillaries  also  shew  slight  waxy  change. 

Fig.  5. — Similar  J' reparation.  Transverse  section  of  medulla  shewing  waxy  change  in 
the  straight  vessels.  In  the  large  collecting  tubule  is  seen  a  colloid  (sometimes 
erroneouslv  called  a  "  waxy  ")  cast,  which  gives  no  reaction  for  waxv  material. 

X300 

Fio.  i'k  -Hyaline  Degeneration  in,  Vessels  of  Spleen.    Paraffin-section  stained  with  Haematin 
mi  1  van  Grieson's  Picro-Fuchsin,  shewing  hyaline  swelling  of  walls  of  arteri 
of  Malpighian  bodies.     The  hyaline  material  is  stained  canary  yellow. 
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Streptococci,  B.  coli,  etc.  Waxy  disease  is  not  infrequently  found  in 
the  livers  of  horses  that  have  been  used  for  the  preparation  of  antitoxin, 
and  also  in  mice  after  comparatively  short  infective  conditions.  The 
disease  also  appears  to  have  been  produced  by  repeated  injections  of 
the  toxins  formed  by  B.  pyocyaneus.  Similar  results  have  been  recorded 
by  Krawkow,1  Maximow,  and  others,  whilst  Czerny  describes  the  experi- 
mental production  of  the  disease  in  animals  in  which  he  induced  chronic 
suppuration  by  the  repeated  injection  of  turpentine.  A  point  of  some 
interest  in  connection  with  Davidsohn's  experiments  is  that  he  altogether 
failed  to  produce  the  change  in  animals  from  which  he  had  previously 
removed  the  spleen — an  observation  suggesting  the  possibility,  at  all 
events,  that  it  is  in  this  organ  that  the  supposed  toxin  is  elaborated. 

Staining  Reactions,  etc. — As  already  stated,  waxy  material  is  a  highly- 
resistant  substance,  practically  insoluble  in  water  and  in  the  body-fluids, 
and  very  slightly  affected  by  acids.  It  may  be  partially  dissolved  by 
prolonged  boiling  in  water  for  several  days,  especially  if  under  increased 
pressure.  It  is  very  slowly  digested  by  pepsin,  but  is  more  rapidly  broken 
up  into  its  dissociation- products  by  tryptic  digestion.  It  is  readily 
soluble  in  strong  alkalies  such  as  ammonia.  It  gives  practically  all  the 
chemical  colour-reactions  characteristic  of  the  albumins  (except  that 
with  lead  sulphide). 

The  most  important  diagnostic  tests  for  waxy  material  are  those  with 
iodine,  iodine  and  sulphuric  acid,  and  also  its  metachromatic  staining 
properties  with  certain  of  the  aniline  dyes.     (See  Plate  II.  figs.  1-5.) 

These  may  be  conveniently  tabulated  as  follows : — 


Reagent  or  Dye. 

Waxy  Material. 

Natural  Tissues. 

Iodine  : 

(a)  With  reflected  light  . 

(6)  With         transmitted 
light 

Iodine  +  sulphuric  acid  or 
zinc  chloride 

Methyl  violet     . 

Picro-carmine      or      picro- 
fuchsin 

Osmic    acid,    Scarlet    Red 
and  Sudan  III. 

Dark      reddish      mahogany- 
brown.2 
Light  orange. 

Brown   colour  usually   deep- 
ened ;    may  become  bluish 
or    greenish    black;     very 
variable.3 

Rose-red     or     pinkish -violet 
(due    to    the    chondroitin- 
sulphuric  acid). 

Somewhat  variable  reaction 
— faint  orange  to  orange - 
pink  colour. 

Not  stained. 

Pale  yellow. 
Greenish -yellow. 

Variable. 

Bluish-violet. 

Connective-tissue  fibres 
rod. 

Typical   reaction    with 
fat. 

1  Krawkow,  Archivf.  experiment.  Pathol,  und  Pharmak.,  1897,  xl.  p.  195. 

2  Occasionally,  in  an  otherwise  typical  ca-c,  this  staining  with  iodine  may  fail  to 
develop. 

3  This  darkening  appears  to  be  due  merely  to  interaction  between  these  reagente 
when  the  iodine  is  dissolved  in  spirit,  or  in  a  solution  of  potassium  iodide  in  water 
(Dickinson). 


60 


GENERAL  PATHOLOGY 


The  most  valuable  and  delicate  of  these  stains  is  methyl  violet,  which 
will  in  certain  cases  give  the  characteristic  rose-red  or  pinkish- violet 
reaction  when  iodine  may  fail  to  demonstrate  the  presence  of  any  waxy 
material.     Gentian  violet  and  methyl  green  give  a  similar  but  Less  eh, 
t  eristic  reddish  metachromatic  coloration  with  waxy  material. 

Organs  most  frequently  affected. — The  organs  most  usually  affected 
by  waxy  disease  are,  in  order  of  relative  frequency,  the  kidney,  spleen, 
and  liver  ;  the  mucous  membrane  of  the  small  intestine,  and  the  lymphatic 
glands:  and,  less  frequently,  the  change  is  found  in  the  stomach,  large 
intestine,  supra  renals.  pancreas,  bone-marrow,  thyroid,  etc.     It  is  found 


Fiu.  14. — Waxy  or  Amyloid  Degeneration  of  Liver.  The  lower  parts  of  each  section 
have  been  treated  with  iodine.  Three  specimens  shewing  different  types  of 
distribution  of  the  change. 


only  with  extreme  rarity  in  the  lungs,  and  practically  never  in  the  central 
nervous  system. 

It  is  thus  specially  found  in  the  organs  concerned  with  excretion, 

haemolysis,  and  the  destruction  of  toxic  substances;    and  it  is  usually 

lit  in  a  group  of  several  of  these  organs  at  the  same  time,  for  example 

in  the  kidney,  spleen,  liver,  and  perhaps  intestine.     It  may,  in  certain 

IS,  be  found  in  one  organ  alone,  for  example  in  the  kidney,  but  this  is 
an  occurrence  of  extreme  rarity. 

Changes  produced  in  the  Organs  by  Waxy  Disease.  The  naked-eye 
appearances  produced  by  waxy  disease  vary  considerably  with  the  dura- 
tion of  the  disease,  and  according  to  the  organ  in  which  it  occurs.  If  the 
condition  is  at  all  advanced,  the  affected  orgai  oaUy  enlarged — 

sometimes  to  a  considerable  degree,  lor  example  in  the  case  of  the  liver. 


DEGENERATIONS  AND  INFILTRATIONS 


61 


The  tissue  becomes  firmer,  denser,  heavier,  and  more  elastic,  somewhat 
resembling  india-rubber  in  consistence.  On  cutting  across  a  waxy  liver 
or  spleen,  the  edges  and  corners  of  the  divided  organ  remain  sharp  and 
distinct,  and  do  not  collapse  or  become  rounded.  The  cut  surface  is 
usually  smooth,  dry,  and  glossy  in  appearance,  the  waxy  material,  which 
may  be  present  in  greatly  varying  amount,  being  homogeneous,  dark  and 
translucent  or  wax-hke,  and  usually  shewing  the  typical  mahogany- 
brown  reaction  with  iodine.  With  this  reagent  the  naked-eye  distribu- 
tion of  the  change  is  rendered  more  evident  (figs.  14,  15);  but  in  certain 
cases,  for  some  as  yet  unknown  reason,  iodine  may  altogether  fail  to  shew 
the  presence  of  waxy  material,  even  though  present  in  great  amount  and 


A.  B. 

Fig.  15. — Waxy  or  Amyloid  Degeneration  of  Spleen.     A.,  Sago-waxy  type. 
B.,  Diffuse  waxy  type.     (Lower  portions  of  secretions  treated  with  iodine.) 


easily  demonstrable  by  methyl  violet.  In  the  case  of  the  liver,  the  waxy 
change  is  often  somewhat  patchy  in  its  distribution,  or  it  may  be  wide- 
spread and  diffuse  (fig.  14).  Before  the  change  has  become  very  advanced, 
the  lobules  may  appear  to  be  marked  out  into  three  concentric  zones,  the 
intermediate  of  these  being  that  most  affected  by  the  waxy  disease.  In 
the  spleen,  the  change  in  most  cases  specially  affects  the  Malpighian 
bodies,  the  condition  being  known  as  sago-waxy  spleen,  because  of  the 
resemblance  of  the  enlarged  translucent  Malpighian  bodies  to  grains  of 
boiled  sago  (fig.  15,  A.,  and  Plate  II.  fig.  1).  The  organ  is  usually, 
though  not  always,  enlarged ;  whilst  in  the  other  variety  of  waxy  change — 
diffuse  waxy  spleen — in  which  the  pulp  is  specially  affected,  the  organ 
may  attain  a  very  considerable  size  (fig.  15,  B.,  and  Plate  II.  fig.  2). 
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In  the  kidney,  the  naked-eye  changes  are  very  often  com  plicated,  and 
perhaps  masked,  by  the  presence  of  other  associated  pathological 
ditions  which  either  may  have  preceded,  01  may  accompany  01  follow, 
the  waxy  disease  itself.  The  commonest  of  these  associated  conditions 
are  fatty  degeneration  and  various  inflammatory  changes,  especially 
interstitial  nephritis.  Thus,  the  appearances  of  a  waxy  kidney  may  vary 
indefinitely.  It  may  be  enlarged,  or,  if  associated  with  chronic  granular 
contraction  of  the  organ,  it  may  be  much  diminished  in  size.  Its  con- 
sistency also  varies  greatly.  For  example,  it  may  be  firm  and  hard,  but 
in  some  cases  it  may  be  unduly  soft.  In  more  or  less  uncomplic 
waxy  disease  of  the  kidney — a  condition  rarely  seen,  however — there  may 
be  very  slight  naked-eye  alteration  in  the  organ,  or  there  may  be  a 
characteristic  pale,  whitish,  translucent  appearance  in  the  swollen  cortex 
and  in  the  pyramids.  Perhaps  the  most  characteristic  appearance  is  that 
seen  when  the  disease  is  associated  wTith  fatty  degeneration  and  catarrhal 
changes.  The  organ  is  increased  in  size  ;  dull  yellowish  or  yellowish-white 
in  colour,  with  mottled  opaque  white  or  yellowish-white  fatty  and 
catarrhal  patches,  intermingled  with  the  more  translucent  w^axy  areas. 
With  iodine,  the  lines  of  the  interlobular  arteries  and  glomeruli  of  the 
cortex  and  the  straight  vessels  of  the  medulla  are  stained  a  dark  brown 
colour. 

In  the  case  of  the  intestine,  the  mucous  membrane  usually  undergoes 
catarrhal  and  atrophic  changes ;  and  with  iodine  the  wTaxy  vessels  of  the 
mucous  and  submucous  coats  can  be  demonstrated  as  minute  dark  brown 
specks  or  lines. 

Microscopical  Distribution  of  Waxy  Disease  in  the  Affected  Organs. — 
It  has  already  been  indicated  that  the  change  is  usually  seen  first  in  the 
middle  coats  of  the  ultimate  arterioles  of  the  organ,  the  delicate  connective 
tissue  between  the  muscular  fibres  becoming  swollen  and  homogeneous, 
and  exhibiting  the  typical  staining  reactions  detailed  above  (Plate  II. 
fig.  3).  It  then  spreads  backwards  along  the  larger  arterioles  to  the 
smaller  arteries,  and  forwards  along  the  perithehal  connective  tissue  of 
the  capillaries  to  the  middle  coats  of  the  small  veins.  It  may  spread  to 
the  connective-tissue  framework  of  the  affected  organ,  and  to  basement - 
membranes  if  these  be  present ;  but  it  should  be  carefully  noted  that  the 
change  never  affects  the  endothelial  cells  lining  the  vessels,  the  connective- 
tissue  cells,  or  the  glandular  epithelium.  In  other  words,  the  condition 
does  not  affect  cells,  but  only  the  formed  connective-tissue  elements  of 
the  organ. 

Allusion  has  already  been  made  to  the  two  exceptions  to  the  usual 
method  of  distribution,  viz.  diffuse  waxy  spleen,  and  certain  very  rare 
cases  of  waxy  kidney,  in  the  latter  of  which  the  change  is  found  in  the 
connective  tissue  between  the  larger  collecting  tubules  towards  the  apices 
of  the  Malpighian  pyramids,  a  condition  occasionally  seen  in  congenital 
syphilis,  mostly  in  young  subjects.     Another  point  of  some  difficulty  in 
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this  connection  is  the  fact  that  in  the  liver  the  change  may  begin  as  usual 
in  the  smaller  branches  of  the  hepatic  artery,  and  then  spread  to  the  walls 
of  the  capillaries  lying  between  the  columns  of  liver-cells,  not,  however, 
at  the  periphery  of  the  lobule,  as  one  would  expect,  but  in  the  intermediate 
zone  of  the  lobule — the  reason  why  the  outer  zone  should  be  passed  over 
by  the  change  not  being  very  apparent,  but  being  probably  due  to  the 
distribution  of  the  vascular  supply. 

Course  and  Results  of  the  Disease. — Waxy  degeneration  occurs  in 
certain  chronic  organismal  diseases  of  protracted  duration,  where  there 
is  long-continued  action  of  the  resulting  toxic  substances  upon  the  tissues. 
This  is  usually  a  question  of  many  months,  or  even  years,  and  it  is  probable 
that  the  condition  has  never  been  produced  in  less  than  three  months. 
It  is  a  progressive  disease  ;  and  it  is  doubtful  whether  waxy  material,  when 
once  formed,  can  be  re-absorbed  on  the  removal  of  the  cause  of  the  con- 
dition, for  example  by  the  excision  or  amputation  of  a  chronic  tuberculous 
joint.  It  is  difficult  to  obtain  any  direct  evidence  bearing  upon  the  point, 
but  such  re-absorption  is  probably  only  possible  in  cases  where  the  disease 
is  in  its  earlier  stages. 

The  results  of  the  disease  upon  the  organs  may  be  considered  under 
three  main  heads,  viz.  (1)  the  effects  upon  the  vessels  themselves ;  (2)  the 
effects  upon  the  parenchymatous  cells  of  the  affected  organs ;  and 
(3)  the  increased  liability  of  waxy  organs  to  undergo  inflammatory  and 
degenerative  changes,  more  especially  fatty  degeneration.  The  last  of 
these  has  already  been  referred  to  especially  in  the  case  of  the  kidney, 
in  which  organ  there  is  also  a  greatly  increased  liability  to  various  forms 
of  nephritis — a  fact  which  has  led  to  the  erroneous  statement  that 
"  Bright 's  disease  may  sometimes  lead  to  waxy  degeneration  of  the 
kidney,"  a  statement  for  which  there  appears  to  be  absolutely  no 
foundation  in  fact. 

Effects  on  the  Vessels. — As  stated  above,  the  change  is  usually  first 
seen  in  the  connective  tissue  supporting  the  muscular  fibres  of  the  middle 
coat,  especially  in  some  of  the  smaller  arteries  (Plate  II.  fig.  3).  Because 
of  the  enormous  swelling  of  the  connnective-tissue  fibrils  in  this  situation, 
the  muscle-fibres  become  compressed  and  atrophied,  and  may  ultimately 
be  completely  destroyed,  the  controlling  influence  of  the  arterioles  upon 
the  circulation  through  the  organ  thus  being  to  a  great  extent  diminished, 
or  even  lost.  The  walls  of  the  capillaries  and  veins  also  suffer.  The 
lumen  of  the  vessels,  though  often  considerably  narrowed  by  the  swelling 
of  the  walls,  is  very  seldom  actually  obliterated — a  fact  which  can  be 
demonstrated  by  injecting  the  arteries  of  a  waxy  organ  with,  say,  carmine, 
the  injection  passing  with  ease  into  even  the  smallest  vessels.  The  special 
selective  capacity  of  the  wall — if  such  exists,  as  in  all  probability  it  does — ■ 
must,  however,  be  considerably  affected  ;  and  this,  together  with  the  loss 
of  the  normal  powers  of  contraction  and  relaxation  of  the  muscular  coat 
of  the  arterioles,  tends  to  cause  an  increased  amount  of  transudation, 
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a  fact  which  may,  in  part  at  all  events,  help  to  explain  the  occurrence  of 
the  increased  excretion  of  urine  ami  the  presence  of  diarrhoea  in  cases 
where  the  kidney  and  intestine  are  affected  by  the  disease. 

Effects  on  the  Parenchymatous  Cells  of  the  Organs. — Another  point 
of  extreme  importance  is  the  compression  ami  consequent  atrophy  of 
the  special  cells  of  the  affected  organ,  which  is  produced   by  the  great 
swelling  of  the  formed  connective-tissue  elements,  whether  in  th 
wails  or  in  the  supporting  framework  of  the  tissue.     Thus,  although  the 

i  al  size  of  the  organ,  e.g.  the  liver,  spleen,  or  kidney,  may  beincrea 
there  may  in  reality  be  an  advanced  degree  of  atrophy  of  its  functioning 
or  parenchymatous  cells. 

NOTE.— The  following  conditions,  which,  from  the  somewhat  misleading 
names  applied  to  them,  or  from  a  superficial  resemblance  which  they  may  have 
to  true  waxy  degeneration,  have  sometimes  been  confused  with  that  di& 
should  be  carefully  distinguished  from  it  : — 

1.  Corpora  amylacea  (q.v.  p.  51). 

2.  "Amyloid  tumours,"  e.g.  of  conjunctiva.  These  may  be  inflam- 
matory in  origin  or  not,  and  appear  to  have  no  relation  whatever  to  true 
waxy  degeneration. 

3.  So-called  i;  waxy  "  casts  jn  kidney-tubules.  These  are  really  colloid 
in  nature,  and  are  due  to  degeneration  of  the  tubular  epithelium  (tee  p.  50). 

4.  Zenker's  degeneration  of  muscle  (q.v.  p.  1058,  Special  Pathology) — 
really  a  necrotic  oi  post-necrotic  change. 

5.  "  Localised  waxy  degeneration,"  so-called, — occurring  around  chronic 
abscesses  and  in  the  walls  of  old  sinuses,  etc.  It  is  extremely  doubtful 
whether  this  condition  is  in  any  way  related  to  true  waxy  disease. 

HYALINE   DEGENERATION 

Under  the  term  hyaline  degeneration  many  diverse  conditions  have 
been  described  by  different  authors.  It  is  best,  however,  to  restrict  the 
term  to  certain  peculiar  changes  found  in  the  connective-tissue  elements 
in  the  walls  of  the  smaller  arteries  and  of  the  capillaries,  and  in  some  other 
positions,  and  which  are  produced  under  the  influence  of  certain  toxic 
substances,  whereby  the  delicate  connective-tissue  fibrils  tend  to  swell 
and  become  more  homogeneous,  refractile,  and  transparent,  and  more 
resistant  to  the  action  of  digestion  and  of  chemical  agents. 

We  therefore  exclude  from  this  group  certain  degenerative  changes 
occurring  in  cells  ;  for  example,  the  so-called  "  hyaline  bodies  "  (Russell's 
"  fuchsin-bodies  "),  "  cancer-bodies,"  etc.,  found  in  degenerating  epithelial 
cells,  these  being  usually  either  the  remains  of  cell-inclusions  or  the 
products  of  colloid  degeneration  of  protoplasm. 

The  change  is  in  some  ways  analogous  to,  but  quite  distinct  from, 
waxy  or  amyloid  degeneration.  Both  are  toxic  in  origin,  and  both 
specially  attack  the  formed  connective-tissue  elements;  but  in  staining 
reactions,  distribution,  and  in  many  other  particulars,  the  two  conditions 
are  essentially  distinct.  We  have  already  seen  that  waxy  degeneration 
is   specially  found   in   chronic   infective   toxic   diseases,   whilst   hyaline 
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degeneration  usually  occurs  in  some  of  the  more  acute  infective  conditions, 
e.  g.  diphtheria  and  scarlet  fever.  It  may,  however,  also  occur  in  certain 
forms  of  chronic  Bright's  disease,  and  in  some  other  long-standing 
toxaemic  conditions. 

Nature  and  Distribution  of  the  Change. — The  change  is  essentially  a 
degenerative  one  in  the  delicate  supporting  connective-tissue  fibrils, 
especially  of  the  inner,  and  to  a  less  extent  of  the  outer,  coat  of  the  smaller 
arterioles,  but  it  may  occur,  though  much  more  rarely,  in  the  middle 
coat,  and  it  may  also  affect  the  perithelium  of  capillaries.  It  is  especially 
found  in  the  spleen  and  kidney,  in  the  brain,  spinal  cord,  pia-mater,  and 
less  commonly  in  lymphatic  glands  and  other  tissues.     A  very  advanced 


Fig.    16. — Hyaline  Degeneration.     Small  arteries  of  Ovary,   undergoing  degeneration, 
with  tendency  to  coalesce  and  form  one  type  of  corpus  albicans.      X  120. 


degree  of  the  change  may  be  found  in  the  ovary,  and  the  degenerated 
hyaline  remains  of  neighbouring  vessels  may  coalesce  to  form  one  type  of 
the  so-called  corpora  albicantia  occurring  in  that  organ. 

In  these  situations  the  connective-tissue  fibrils  in  the  vessel-wall  tend 
to  swell  and  fuse  together,  and  so  to  form  irregularly  distributed,  clear, 
homogeneous,  transparent,  structureless  masses,  wThich  may  encroach 
upon  or  even  obliterate  the  lumen  of  the  affected  vessel,  and  may  lead 
to  secondary  changes  such  as  degeneration  or  actual  necrosis  in  the  area 
of  supply,  thrombosis,  etc.  The  hyaline  material  does  not  appear  to 
have  any  very  definite  chemical  composition,  though  it  is  said  to  be 
allied  to  elastin  and  keratin.  Its  staining  reactions  are  somewhat 
variable,  but  it  has  usually  a  distinct  affinity  for  some  of  the  acid  dyes, 
taking  on  a  red  colour  with  eosin  or  with  acid  fuchsin,  especially  when  the 
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hyaline  material  is  of  recent  formation.    Two  of  tl  I  convenient 

stains  for  the  demonstration  of  the  condition  are  picro-carmL  picro- 

fuchsin  (van  Gieson's  stain).    With  the  former  of  these,  in  the  earlier 

es  it  takes  on  a  pinkish  tinge,  whilst  later  it  stains  yellow  with  the 
picric  acid  part  of  the  dye.  With  van  Gieson's  stain,  recent  hyaline 
material  usually  shows  a  bright  red  colour,  but  later  it  tends  to  stain  a 
characteristic  orange-red,  orange,  or  ultimately  even  a  bright  canary- 
yellow  colour  (Plate  II.  fig.  G).  The  change,  unlike  waxy  degeneration, 
is  very  irregular  and  patchy  in  its  distribution.  It  does  not  give  the 
characteristic  "  waxy  "  reactions  with  iodine  or  methyl  violet,  etc. 

On  present  evidence,  we  cannot  as  yet  accept  the  view  of  some 
observers  that  hyaline  degeneration  is  a  preliminary  stage  of  waxy  change. 
As  already  noted,  the  aetiology  and  distribution  of  the  two  conditions  are 
for  the  most  part  distinct. 

It  has  recently  been  stated  that  the  immersion  for  several  days  of 
fragments  of  tissue  in  haemolysed  blood  may  lead  to  the  artificial  produc- 
tion of  hyaline  degeneration, — a  statement  which,  however,  requires 
further  evidence  before  it  can  be  generally  accepted. 

The  condition  of  hyaline  degeneration  leads  to  no  special  naked-eye 
changes  in  the  organs,  microscopical  examination  being  necessary  for  its 
detection.  It  may  be  followed  by  calcification,  for  example  in  the 
arterioles  of  the  kidney  and  spleen. 

GOUTY   DEGENERATION   AND   INFILTRATION 

Into  the  general  subject  of  gout  and  the  chemistry  of  the  metabolism 
of  the  nucleo-proteins,  nucleins  and  purines,  and  their  end-product,  uric 
acid,  we  do  not  propose  to  enter.  The  subject  is  one  of  enormous  extent 
and  does  not  come  within  the  scope  of  the  present  volume,  and  we  refer 
those  specially  interested  in  it  to  such  recent  works  as  Wells's  Chemical 
Pathology  1  and  Jones's  Nucleic  Acids,2  to  which  reference  has  already 
been  made.  It  is  sufficient  to  state  here  that  in  water,  uric  acid  is  com- 
paratively insoluble,  but  that  in  the  urine  it  is  somewhat  less  insoluble 
because  of  the  presence  of  phosphates,  and  perhaps  of  certain  other 
substances.  In  the  blood-serum,  uric  acid  is  probably  held  in  solution 
by  combination  with  some  other  as  yet  unknown  organic  derivative  of 
nucleic  acid. 

Uric  acid  is  largely  derived  from  the  breaking  down  of  the  nucleo- 
proteins  both  of  the  food  and  of  the  body-tissues,  being  readily  pro- 
duced from  the  purine  bases  contained  in  these  substances,  under  the 
influence  of  specific  enzymes  or  ferments.  Uric  acid  is  eliminated  as 
such  in  the  urine  only  to  a  small  degree,  the  larger  proportion  being 
oxidised  by  enzymes  in  the  liver,  kidney,  muscles,  etc..  and  converted 
into  urea,  in  which  form  it  is  excreted  by  the  kidneys. 

1  Wells's  Chemical  Pathology,  Saunders  Co.,  Philadelphia  and  London,  1918, 
ch.  xxi.  p.  618. 

2  Jone3\s  Nucleic  Acids,  Longmans,  Green  &  Co.,  London,  1914. 
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The  amount  of  uric  acid  in  the  urine  and  in  the  blood  therefore  varies 
in  any  given  case,  and  is  dependent  upon  many  factors.1  The  amount 
of  uric  acid  and  urate  crystals  deposited  in  the  urine,  depending  upon 
such  factors  as  temperature,  reaction,  concentration,  amount  of  neutral 
phosphates  present,  etc.,  is  probably  a  matter  of  comparatively  minor 
importance ;  and  Wells  is  of  opinion  that  "  it  may  be  safely  stated  that 
at  the  present  time  there  exists  no  good  evidence  which  makes  it  probable 
that  uric  acid  is  responsible  for  any  pathological  conditions  whatever, 
except  uric-acid  calculi,  '  uric-acid  infarcts  '  in  the  kidneys,  and  certain 
manifestations  of  gout.  Uric  acid  is  possessed  of  but  a  very  slight  degree 
of  toxicity,  and  the  body  is  able  to  get  rid  of  it  in  such  large  measure 
that  an  actual  intoxication  with  uric  acid  probably  never  occurs." 

In  patients  subject  to  chronic  gout,  especially  during  the  periods 
between  the  acute  exacerbations,  there  appears  to  be  no  special  abnor- 
mality in  the  amount  of  uric  acid  excreted  in  the  urine,  although  the 
amount  present  in  the  blood  is  said  to  be  larger  than  it  is  in  health.  That 
this  is  not  due  to  a  diminished  capacity  on  the  part  of  the  kidneys  to 
excrete  uric  acid  is  said  to  be  proved  by  the  experimental  subcutaneous 
injection  of  uric  acid  into  gouty  subjects,  the  excretion  in  the  urine 
occurring  as  rapidly  and  readily  as  in  normal  persons.  Just  before  an 
acute  exacerbation,  the  amount  of  uric  acid  excreted  in  the  urine  is 
usually  diminished,  whilst  during  and  immediately  after  the  acute  attack 
the  amount  may  be  considerably  increased.  Starling  is  of  opinion  that 
"it  is  important  to  determine  the  influence  on  this  condition  (an  attack 
of  gout)  not  only  of  the  nucleins  and  proteins  of  the  food,  but  of  the 
other  constituents,  such  as  carbohydrates  and  fats  "  ;  and  that  "  it  is  not 
so  much  the  supply  of  purines  in  the  diet  which  must  be  controlled  as 
the  general  conditions  of  nutrition  which  determine  the  fermentative 
changes  in  the  purines,  either  of  the  food  or  tissues,  under  normal 
conditions  of  metabolism."  2 

Recent  work  has  proved  that  mono-sodium  urate  (C  H  NaN  0  ) 
occurs  in  two  tautomeric  forms,  known  as  the  a-  and  /?-  salts.  The 
solubility  of  the  unstable  a-  salt  is  over  30  per  cent,  greater  than  that 
of  the  stable  ft-  salt.  The  conversion  of  the  a-  into  the  /?-  form  probably 
plays  a  part  in  the  formation  of  urate-deposits  in  gout. 

1  These  are  summarised  by  Wells  (loc.  cit.,  p.  626)  as  follows  : — 

(1)  The  amount  of  purine  bodies  taken  in  the  food,  upon  which,  chiefly,  depends 

the  amount  of  exogenous  uric  acid. 

(2)  The  amount  of  destruction  of  tissue  nucleo-proteins. 

(3)  The  amount  of  purine  bases  formed  in  the  muscle  tissue. 

(4)  The  amount  of  conversion  of  purine  bases  into  the  uric  acid. 

(5)  The  amount  of  destruction  of  uric  acid,  if  any,  occurring  in  the  body. 

(6)  Possibly  upon  the  capacity  of  the  tissues  to  synthesise  uric  acid;  and  in  case 

such  power  to  synthesise  uric  acid  exists,  upon  the  presence  of  the  pre- 
cursors of  uric  acid  in  the  body. 

(7)  The  retention  of  uric  acid  in  the  blood  and  tissues. 

(8)  The  power  of  the  kidneys  to  excrete  uric  acid. 

2  Starling,  Principles  of  Human  Physiology,  2nd  ed.,  Churchill,  London,  1915. 
p.  782. 
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Whatever  the  relationship  between  uric-acid  metabolism  and  gout 
may  be — and  from  recent  work  on  the  subject  it  appears  more  than 
likely  that  its  variations  are  to  be  regarded  rather  as  the  result  than 
as  the  cause  of  the  disease — it  is  p  ►ssible  to  describe  briefly  the 
lesions  charactered  by  the  deposit  of  uric  acid,  chiefly  in  the  form  of 
mono-sodium  or  acid  sodium  urate  (NallU)  in  certain  situations.1  This 
acid  salt  of  uric  acid  is  deposited  in  the  form  of  granules  or  of  acicular 
crystals,  more  especially  in  the  articular  cartilages  and  ligaments  of 

joints;   in  bone  and  in  tendons 

H         and    tendon-sheaths;      in    the 
cartilages  of  the  ear  and  i 
lids;      in    the    fibrous    tissue 
of    the    heart-valves;     in    the 
interstitial  tissue  of   the    kid- 
ney ;    and  in  the  subcutaneous 
mfl     fibrous  tissue,  especially  in  the 
neighbourhood  of   joints.      In 
the    last    of    these    situations 
considerable  masses  may  some- 
times    be     found     deposited, 
■E     forming    the    so-called    chalk- 
L         stones  or  "  tophi,"  which  may 
become  exposed  by  the  ulcer- 
ation and   destruction  of   the 
*y     skin  over  them. 

The  condition  tends  speci- 
ally    to     involve      first     the 
£^L     structures  in  and  around  some 
of  the  smaller  joints,   e.g.   of 
Jf '•     the  foot  or  hand,  more  especi- 
ally  the    metatarsophalangeal 
B     joint  of  the   great   toe.     The 


J* 

Fig.  17. — Gouty  Deposit  in  bono. 


X  20. 


lamer 


joints,    e.g.    the    knee- 
joints,    may    become    involved 
later.      The    deposit    specially   occurs  in  the  cartilaginous  and  fibrous 
structures   of   the   joints.     The  earliest  changes  appear  to  occur  in  the 
more  superficial    layers    of   the    articular   cartilages,    especially   in   the 

1  The  following  analysis  of  such  deposits,  by  Ebstein  and  Sprague,  is  given  by 
Wells  {lac.  cit.,  p.  466)  :— 

I  ric  acid     ......  59-70 

-no  organic  matter            .         .         .  27-88 

Sodium  oxide       .....  9-30 

Potassium  oxide            ....  2-95 

Calcium  oxide      .          .                    .          .  017 

MgO,  Fe,  P,,0 -,  8  traces 

'After   a   time,    however,   calcium  salts   may  be   deposited,  and   Dunin    has 
observed  deposits  resembling  gouty  tophi  that  were  merely  calcium  salts." 
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cartilage-cells,  which  proliferate,  become  swollen,  and  undergo  degener- 
ative changes.  It  is  in  and  immediately  around  these  degenerating 
cells  that  the  granules  and  acicular  crystals  of  acid  sodium  urate  are 
deposited,  whilst  later  they  are  also  found  in  the  intervening  matrix. 
The  cartilage,  especially  towards  the  surface,  becomes  opaque  white. 
and  has  the  appearance  of  having  been  "  smeared  with  plaster  of  Paris, " 
or  "  streaked  with  white  paint."  Later,  it  may  become  necrotic  and 
undergo  a  more  or 
less  extensive  pro- 
cess of  ulceration . 
Accompanying  these 
phenomena,  there  is 
usually  a  varying 
amount  of  acute, 
and,  later  on,  of 
more  chronic,  in- 
flammatory change 
in  the  surrounding 
parts. 

The  ordinary 
chemical  tests  for 
the  presence  of  these 
granular  particles 
and  crystals  of 
urates  are  : — 

1.  The  addition  of 
a  strong  acid,  e.  g. 
hydrochloric.  This 
displaces  the  uric 
acid,  which  then 
crystallises  out  and 
can  be  recognised 
microscopically. 

2.  The  murexide 
test.  The  substance 
to  be  tested  is  treated 
with      strong      nitric 

acid,  and  carefully  evaporated  to  dryness  on  the  bottom  of  a  white  porcelain 
dish.  Ammonia  is  then  added,  and  the  characteristic  purple  colour  is 
developed  if  urates  or  uric  acid  be  present. 

3.  Dilute  solutions  of  uric  acid  in  lithium  or  sodium  carbonate  give  an 
intense  blue  colour  with  Folin's  phosphotungstic  acid  reagent. 

/Etiology. — The  cause  of  gout  is  still  quite  unknown.  It  has  long 
been  regarded  as  a  disease  due  to  some  "  error  in  metabolism,"  but  what 
the  cause  of  the  error  is  has  still  to  be  discovered.  Many  recent  observers 
consider  that  it  is  caused  by  the  derangement  of  metabolism  by  the 
action  of  some  as  yet  undiscovered  toxic  substance  or  substances,  perhaps 


Fig.  18. — Gouty  Deposit  in  Subcutaneous  Tissue,  shewing 
the  acicular  crystals  of  Acid  Sodium  Urate.  Note 
the  surrounding  cellular  reaction,  and  formation  of 
"  Foreiern-Bodv  Giant-Cells."     x  300. 
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organismal  in  origin,  a  view  in  Bupport  of  which  much  may  be  raid.    An 

almost  identical  found  in  the  joints  in  the  so-called 

lead-goul  occurring  in  chronic  lead-poisoning,  which  i  Is  to  produce 

changes  in  the  kidney  similar  to  those  seen  in  ordinary  gout. 


PATHOLOGICAL   PIGMENTATION    AND   PIGMENTARY 
DEGENERATION 

The  group  of  conditions  commonly  known  as  the  Pathological  Pig- 
mentations includes  many  diverse  changes,  some  of  which  are  very 
obscure  in  their  nature  and  aetiology.  It  is  convenient  to  classify  them 
under  the  following  headings  : — 

I. — Abnormalities  in  the  amount,  distribution,  etc.,  of  the  normal 

animal  pigments,  and  of  pigments  closely  allied  to  these. 
II. — The  presence  of  haematogenous  pigment,  t.  e.  pigment  derived 
from  the  haemoglobin  of  the  red  blood-corpuscles ;    and  along 
with  this  we  may  also  consider  the  so-called   hepatogenous 
pigmentation  due  to  the  deposit  of  bile-pigment,   which  is 
derived  from  the  destruction  of  haemoglobin  in  the  liver. 
III. — The  presence  of  extraneous  pigmentary  substances,  i.e.  intro- 
duced into  the  tissues  from  without. 
IV. — Discolorations  of  the  skin  due  to  parasites.    These  do  not  call 
for  further  notice  here,  and  descriptions  of  them  will  be  found 
in  textbooks  on  Dermatology. 
V. — Discolorations  of  the  organs  and  tissues  due  to  post-mortem 
decomposition  [see  p.  88). 


I.— ABNORMALITIES  IN  THE  AMOUNT,  DISTRIBUTION,  ETC.,  OF 
THE  NORMAL  ANIMAL  PIGMENTS  ;  AND  THE  PRESENCE 
OF  PIGMENTS  ALLIED  TO  THEM 

The  origin  and  chemistry  of  the  normal  pigments  of  the  body  are 
still  subjects  about  which  little  is  known.  Some  of  these  pigm< 
e.g.  those  found  in  the  skin,  hair,  uveal  tract  of  the  eye,  and  certain 
other  localities,  appear  to  be  allied  to  the  albumins  ;  whilst  those  found 
in  the  corpus  luteum,  testes,  suprarenals,  nerve-cells,  and  in  adi] 
tissue,  seem  to  be  of  the  nature  of  coloured  fats  or  fatty  compounds, 
and  are  known  as  the  lipochromes. 

To  the  pigments  belonging  to  the  former  of  these  groups  the  general 
name  melanin  is  given.  These  melanins  vary  considerably  in  their 
composition  in  the  different  tissues.  They  all  contain  nitrogen,  hydrogen, 
and  carbon  (usually  in  the  approximate  relative  proportions  1:5:5);  and 
many  of  them  have  also  a  comparatively  high  sulphur-content,  although 
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this  element  is  said  to  be  absent  in  the  case  of  the  melanin  found  in  the 
choroid  coat  of  the  eye.  In  melanotic  sarcomas  the  characteristic  pig- 
ment present  is  closely  allied  to  or  identical  with  normal  melanin,  and 
may  contain  a  large  amount  of  sulphur — sometimes  even  as  much  as 
10  per  cent.  Some,  though  by  no  means  all,  of  the  melanins  contain 
iron,  but  usually  only  in  very  small  amount. 

The  melanins  are  the  product  of  the  metabolic  activity  of  special 
cells,  i.  e.  they  are  built  up  by  the  living  protoplasm,  and  are  not  merely 
the  disintegration-products  of  haemoglobin  or  of  some  of  its  derivatives. 
In  all  likelihood  they  are  derived  from  the  complex  protein  molecule 
(probably  from  its  aromatic  chromogen  molecular  groups),  possibly  under 
the  influence  of  specific  ferments  or  enzymes,  the  autacoids  of  the 
suprarenal  being  believed  to  be  specially  concerned  in  this  process 
{see  p.  848,  Special  Pathology). 

The  melanins  are  insoluble  in  most  of  the  ordinary  solvents,  e.g. 
water,  alcohol,  chloroform,  benzol,  ether,  etc.  They  are  soluble  in  dilute 
alkalies,  and  in  concentrated  sulphuric  acid.  They  are  practically 
unaffected  by  even  strong  boiling  hydrochloric  acid,  but  are  readily  de- 
colourised by  strong  alkalies,  by  chlorine  and  other  bleaching  reagents,  and 
by  the  action  of  sunlight.  The  majority  of  the  melanins  yield  indole  and 
scatole  when  fused  with  caustic  potash.  Fatty  acids,  and  an  acid  prob- 
ably belonging  to  the  aromatic  series,  which  gives  a  blue  colour  with 
ferric  chloride  have  also  been  isolated  from  the  products  of  fusion  with 
caustic  alkali.  The  chemical  evidence  seems  to  indicate  tryptophane, 
tyrosine,  and  adrenaline  as  the  most  probable  sources  of  the  melanins. 
Tryptophane,  like  all  indole -derivatives,  is  a  labile  substance  readily 
undergoing  conversion  into  pigments  having  properties  similar  to  those 
of  the  melanins.  Further,  the  enzyme  tyrosinase,  by  a  process  of 
oxidation,  converts  tyrosine  into  a  dark  brown  pigment  closely  resembling 
the  melanins.  Adrenaline  shews  a  similar  tendency  to  undergo  oxidation 
to  dark  brown  pigments. 

These  pigments  are  usually  intracellular,  and  are  commonly  in  the 
form  of  minute  yellowish- brown,  brown,  or  brownish-black  granules, 
which  may  be  scattered  throughout  the  cytoplasm,  or  in  some  cases  are 
so  densely  packed  as  to  entirely  obscure  the  cell-structure. 

Congenital  deficiency,  or  even  the  entire  absence  of  the  normal  pig- 
ments, is  seen  in  the  condition  known  as  albinism.  In  leucoderma,  the 
cutaneous  pigment  becomes  irregular  in  its  distribution,  some  patches 
becoming  paler  than  normal  owing  to  the  deficiency,  whilst  surrounding 
areas  may  show  an  increase  of  pigment.  Again,  after  the  repair  of 
wounds  and  ulcers,  especially  if  these  are  of  any  extent,  the  scar-tissue 
is  frequently  deficient  in  pigment,  and  may  therefore  be  whiter  than  the 
surrounding  skin,  which  contrast  may,  indeed,  especially  if  there  has 
been  any  chronic  irritation  and  delay  in  the  healing  process,  be 
accentuated  by  an  actual  increase  of  pigment  in  the  skin  immediately 
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around  the  scar.  Localised  deficiency  of  skin-pigment  may  also  be 
due  to  trophic  and  nervous  causes — for  example,  the  white  patches  in 
leprosy  due  to  implication  of  the  cutaneous  nerves. 

Increase  of  pigment  is,  however,  a  condition  more  frequently  met  with 
than  deficiency.  Such  increase  may  be  physiological,  e.g.  in  the  i 
of  the  mammary  areola  during  pregnancy.  "  Sun  bum  "  and  "  freckles  " 
may  also  be  regarded  as  a  physiological  reaction  to  the  stimulation  of 
light,  the  increase  of  surface  pigment  serving  to  protect  the  deeper  struc- 
tures against  the  harmful  action  of  the  too  powerful  actinic  and  other 
rays,  in  the  same  way  as  does  the  pigmented  skin  of  the  negro.     Localised 
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Fig.  19. — Malignant  .Melanoma  or  Melanotic  Sarcoma,  Bhewing  pigmentation;  In  the 
lower  specimen,  a  secondary  nodule  in  the  subcutaneous  ti.-sue,  t he  distribution  of 
the  pigment  is  very  irregular. 


pigmentation  may  also  result  from  irritation  of  the  skin,  e.g.  caused  by 
a  blister,  parasites,  certain  skin-diseases,  etc. 

Pigmentation  is  often,  however,  an  accompaniment  or  a  result  of 
certain  retrogressive  or  degenerative  and  atrophic  processes,  occurring 
sometimes  as  a  senile  change,  sometimes  as  the  result  of  dia 

Above  the  age  of  forty  or  forty-five,  the  fine  granules  of  pigment 
found  in  the  protoplasm  of  heart-muscle  fibres  towards  the  poles  of  the 
nucleus  tend  naturally  to  increase  as  age  advances,  the  fibres  at  the 
same  time  becoming  smaller  in  size.     This  condition  may  in  certain  c 
be  exaggerated  in  degree,  or  it  may  occur  at  an  abnormally  early 
for  example,  in  cachectic  or  wasting  diseases  such  as   cancer,  chronic 
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PLATE    III 

Fig.   1. — Hcematoidin-crystals,  free   and  contained  in  phagocytic  endothelial  cells  in  an 
organised  thrombus  in  a  vein.     Stained  with  Hematoxylin. 

Fig.  2. — Endothelial    phagocytic     cells    (from     bone-marrow)     containing    blood-pigim  »t. 
Stained  with  Methylene  Blue  and  Eosin.     One  cell  also  contains  an  engl 
red  blood -corpuscle.  X  100U 


Fig.  3. — Pernicious  Anaemia.  Section  of  liver  stained  with  potassium  ferrocyanide 
and  hydrochloric  acid,  to  demonstrate  by  the  Prussian-blue  reaction  the  presence 
of  Hemosiderin  in  the  liver-cells.     Counterstained  with  Safranin.  X  1000 

Fig.  4. — Brown  Atrophy  of  Heart.  Longitudinal  section  of  muscle-fibres  stained  with 
Alum-Carmine.  The  unstained  yellow  pigment  is  seen  in  the  protoplasm,  especi- 
ally towards  the  poles  of  the  nuclei.  X  1000 


Fig.  5. — Obstructive  Jaundice.  Section  of  liver,  stained  with  Alum -Carmine,  shewing 
masses  of  dark  green  bile-pigmenl  in  the  liver-cells,  which  also  contain  some  yellow 
blood-pigment.     Nuclei  of  liver-cells.  X  1000 

Fig.  6. — Large  phagocytic  cells  (probably  endothelial  in  origin)  containing  carbon-pigmt  nt. 
Those  cells  are  from  a  case  of  anthracosis,  in  which  they  were  present  in  largo 
numbers  in  the  pulmonary  alveoli.     Stained  with  Methylene  Blue  and  Eosin. 

X  1000 
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phthisis,  etc.,  and  is  then  known  as  Brown  Atrophy  of  the  heart  (Plate  III. 
fig.  4).  Whether  this  pigment  found  in  the  heart-fibres  in  brown  atrophy 
is  a  true  melanin  or  lipochrome  (pigmented  fat)  has  not  yet  been  satis- 
factorily decided.  Such  senile  pigmentary  changes  may  be  found,  not 
only  in  heart-muscle,  but  also  in  the  kidneys,  liver,  suprarenals,  muscular 
coat  of  the  intestine,  pia-arachnoid,  and  elsewhere. 

In  wasting  conditions,  the  skin-pigment  is  often  abnormally  increased 
in  amount,  especially  over  the  flexures  and  in  other  parts  where  there 
is  normally  a  greater  amount  of  skin-pigment  present.  Abnormal  increase 
of  cutaneous  melanin -pigment  is  specially  found  in  chronic  ovarian  and 
uterine  disease  (the  so-called  "chloasma  uterinum");  and  in  chronic 
diseases  of  certain  other  glandular  organs,  more  especially  of  the  supra- 


FlO.  20. — Melanotic  Sarcoma,  shewing  accumulation  of  melanin  in  certain  of 
the  tumour-cells.      X  300. 


renal  or  adrenal  bodies,  destruction  of  which  may  lead  to  Addison's 
disease,  a  condition  which  is  characterised  by  great  muscular  weakness 
and  wasting,  and  by  marked  brownish  pigmentation  of  the  skin,  par- 
ticularly where  this  is  exposed  to  the  action  of  light,  friction,  or  other 
form  of  irritation.  Irregular  patchy  pigmentation  of  certain  of  the 
mucous  membranes,  e.g.  of  the  mouth,  is  also  characteristic  of  this 
disease.  The  exact  nature  of  the  pigment  in  Addison's  disease  has  not 
yet  been  accurately  determined,  but  in  all  probability  it  is  identical  with 
or  closely  allied  to  the  normal  melanin-pigment  of  the  skin. 

Local  increase  of  melanin-pigment  is  also  seen  in  connection  with 
certain  tumour-growths,  e.g.  in  pigmented  moles,  or  more  notably  still 
in  melanotic  sarcomata  and  cancers.    In  these  the  melanin,  which  may 
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be  in  very  large  amount  and  often  very  irregular  in  its  distribution,  is 
mostly  contained  within  the  tumour-cells.  It  may,  however,  be  found 
free  in  the  lymphatic  spaces,  and  may  also  be  present  in  the  blood  and 
lymph,  and  in  marked  cases  it  may  even  be  excreted  in  the  urine  bv  the 
kidneys,  either  as  melanin  or  as  the  colourless  melanogen,  the  urine 
containing  which  may  darken  on  standing  or  on  the  addition  of  oxidising 
agents,  such  a  case  being  known  as  one  of  melanuria. 

Reference  has  already  been  made  to  the  presence  in  the  tissues  of 
certain  pigmented  fatty  bodies  or  lipochromes,  e.g.  the  lutein  found  in 
the  corpus  luteum;  or  the  pigment  seen  in  the  suprarenal  cortex,  or  in 
many  ganglionic  cells,  both  normally  in  certain  parts  of  the  nervous 
system,  and  abnormally  in  some  forms  of  degeneration  of  nerve-cells. 
Lipochromes  may  be  found  in  some  pathological  conditions,  e.g.  in 
xanthoma  or  xanthelasma,  a  condition  in  which  there  are  developed  small 
yellowish  tumour-nodules,  especially  in  the  skin  of  the  eyelids ;  and  in 
chloroma,  a  very  rare  disease  characterised  by  the  development  of  peculiar 
greenish-coloured  lymphomatous  or  lymphosarcoma-like  growths,  more 
especially  in  connection  with  the  bones.  It  may  also  be  of  interest  to 
note  here  that  many  of  the  pigments  produced  by  bacteria  appear  to  be 
of  the  nature  of  lipochromes,  e.  g.  in  the  case  of  cultures  of  Staphylococcus 
pyogenes  aureus  or  citreus. 

II.— HEMATOGENOUS  PIGMENTATION 

Under  certain  circumstances,  pigment  derived  from  the  haemoglobin 
of  the  red  corpuscles  may  be  found  in  the  tissues  or  elsewhere.  The 
presence  of  such  haematogenous  pigment  may,  for  example,  be  the  result 
of  a  direct  attack  by  organisms  upon  the  red  corpuscles  themselves 
while  circulating  in  the  vessels,  e.g.  in  malaria,  the  parasites  in  the 
corpuscles  attacking  and  feeding  upon  the  haemoglobin,  and  forming 
yellowish-brown  granules  of  pigment,  to  which  reference  will  be  made  later. 

Again,  the  erythrocytes  may  be  damaged  by  bacterial  and  other 
toxins  or  poisons,  and  may  break  down  whilst  still  circulating  in  the 
vessels,  their  contained  haemoglobin  being  discharged  into  the  serum. 
More  commonly,  however,  the  damaged  corpuscles  are,  before  their  dis- 
integration, taken  up  and  digested  by  leucocytes,  and  by  endothelial  and 
other  phagocytic  cells  :  a  process  which  occurs  more  especially  in  the 
organs  normally  concerned  with  haemolysis,  i.  e.  the  liver,  spleen,  bone- 
marrow,  lymph-  and  haeniolyniph-glands,  and  some  other  tissues.  In 
diseases  such  as  pernicious  and  other  grave  anaemias,  haemoglobinuria, 
malaria .  etc.,  the  amount  of  pigment  so  derived  may  sometimes  be  very 
considerable  in  the  cells  of  these  and  other  organs  and  tissues. 

In  some  instances,  such  haematogenous  pigment  may  be  formed  from 
the  haemoglobin  of  blood  which  has  undergone  thrombosis  within  the 
vessels,  or  which  has  been  effused  into  the  tissues  or  into  some  natural 
cavity.     Or,  again,  the  occurrence  of  such  pigment  may  be  due  to  stagna- 
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tion  of  the  blood,  for  example  in  chronic  venous  congestion.  In  the  case 
of  the  lungs  in  this  last-mentioned  condition,  the  abundant  pigment  found 
in  the  large  mononuclear  phagocytic  cells  in  the  alveoli  is  doubtless  due 
to  small  haemorrhages  into  the  air-vesicles.  In  the  case  of  the  liver,  the 
pigment  is  specially  found  in  the  hepatic,  and  also  in  the  endothelial,  cells 
towards  the  central  vein  of  the  lobule.  It  is  probably  evidence  of  increased 
haemolysis,  a  condition  favoured  by  the  stagnation  of  the  blood. 

Chemical  Nature  of  the  Haematogenous  Pigments. — Haemoglobin,1  the 
normal  pigment  of  the  red  blood-corpuscles,  is  a  compound  of  an  albu- 
minous basic  histone-like  substance  called  globin,  with  a  non-albuminous 
acid  radicle,  the  iron-containing  pigment  haematin  or  oxyhaematin. 

Even  in  health,  the  red  corpuscles  are  comparatively  short-lived, 
and,  as  they  become  effete,  are  constantly  being  destroyed  by  the  haemo- 
lytic  organs,  more  especially  the  liver,  spleen,  bone-marrow,  kidneys, 
and  haemo lymph-glands.  The  effete  corpuscles  are  taken  up  and  de- 
stroyed by  the  cells  of  these  organs,  especially  by  endothelial  and  other 
phagocytic  varieties  of  cells.  The  albuminous  globin -radicle  is  digested 
and  absorbed,  whilst  the  pigment,  haematin,  is  split  up  into  two  parts,  an 
iron-free  substance  called  haematoidin,  which  is  largely  excreted  by  the 
liver  as  bilirubin,  with  which  it  is  apparently  identical  in  chemical  com- 
position :  and  secondly  an  iron-containing  moiety  called  haemosiderin 
(or  "  blood-iron  "),  which  is  stored  in  certain  of  the  tissues,  especially 
the  liver,  spleen,  and  bone-marrow,  to  be  built  up  again  into  haemoglobin 
when  required. 

An  exaggeration  of  these  normal  haemolytic  processes  may  occur 
in  disease,  usually  under  the  influence  of  bacterial  or  other  toxins 
and  poisonous  substances.  In  some  conditions,  this  increased  haemo- 
lysis may  be  very  pronounced,  for  example  in  the  so-called  anaemias,  more 
especially  in  pernicious,  but  also  in  severe  secondary,  cases.  Evidence 
of  this  exaggerated  destruction  of  red  cells  in  such  cases  is  to  be  found 
in  the  excessive  formation  and  storage  of  haemosiderin  in  the  liver, 
spleen,  kidneys,  and  other  organs,  a  fact  which  will  be  referred  to  later. 

Haemoglobin  is  a  crystallisable  substance.  In  the  case  of  the  human 
subject,  it  is  comparatively  soluble,  but  from  the  blood  of  rats  or 
guinea-pigs  it  may  be  very  easily  crystallised  out  by  adding  water  and 
evaporating.  It  is  insoluble  in  glycerin,  and  microscopical  preparations 
of  it  may  therefore  be  made  in  this  as  a  mounting  medium.  When  thus 
prepared,  it  usually  occurs  in  rhombic  prisms  or  plates. 

Haematin  or  oxyhaematin,  the  iron-holding  radicle  of  haemoglobin, 
constitutes  about  4-5  per  cent,  of  the  latter  substance,  which  therefore 
mainly  consists  of  the  protein,  globin.  Haematin  or  oxyhaematin  is  a 
brown,  non-crystallisable  substance,  which  may  occur  either  in  reduced 

1  For  a  recent  discussion  of  the  nature  and  uses  of  Haemoglobin,  see  "  An  Address 
on  the  Function  of  Haemoglobin  in  the  Body,"  by  A.  V.  Hill.  Lancet,  May  IT.  L924, 
p.  994. 
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or  in  oxidised  form.    In  the  tissues,  it  is  readily  split  up  into  an  iron- 
free  constituent,  haematoidin,  and  an  iron-containing  part,  hemosiderin. 
Haematoidin,  the  iron-free  constituent  of   luematin,   is  apparently 

identical  with  bilirubin  or  bile-pigment,  and  is  usually  i  I  by  the 

liver  as  a  waste  product.  It  may,  however,  if  not  carried  to  that  organ, 
slowly  crystallise  out  in  the  form  of  very  characteristic  yellowish  oi 

red  to  dark  ruby-red  clino-rhombic  prisms  or  needles  (Plate  J II.  fig.  1), 
though  it  may  also  be  found  in  the  form  of  irregular  mat  granules. 

Its  formation,  unlike  that  of  haemosiderin,  occurs  independently  of  cell- 
activity,  and  it  is  therefore  specially  found  where  haemorrhages  or  thrombi 
of  large  size  have  occurred,  and  where  absorption  has  been  slow  and 
imperfect,  for  example  in  old  cerebral  haemorrhages,  thrombi  in  large 
veins,  etc.  When  once  formed,  these  hsematoidin  crystals  and  granules 
are  extremely  resistant,  and  may  be  found  in  the  tissues  many  years 
after  their  formation. 

Haemosiderin,  the  iron-containing  part  of  hamiatin.  In  the  normal 
process  of  haemolysis,  as  indicated  above,  the  iron-free  haematoidin  is 
eliminated  in  the  bile,  but  the  iron-containing  part  of  the  broken-down 
haBmatin  is  stored  up  by  certain  cells  as  hsemosiderin  until  it  is  required 
for  the  production  of  fresh  haemoglobin.  This  haemosiderin  is  probably 
in  the  form  of  hydrated  ferrous  oxide,  more  or  less  loosely  combined  with 
some  protein  substance  or  substances.  The  stability  of  this  combination 
appears  to  vary  in  different  diseases  and  in  different  organs.  Haemosiderin, 
when  the  combination  is  loose,  is  easily  demonstrated  by  the  Prussian- 
blue  reaction  (Plate  III.  fig.  3).  When  more  firmly  united  with  protein, 
the  colour-reaction  may  be  slow  in  appearing,  this  union  having  first 
to  be  broken  up;  or,  again,  it  may  be  entirely  prevented  when  the  com- 
bination is  sufficiently  firm  to  resist  the  separation.  When  unstained, 
the  haemosiderin  series  of  pigments  occurs  in  the  form  of  yellowish  or 
golden-brown  granules,  which  are  usually  present  within  the  cells,  though 
in  some  cases  they  may  be  deposited  in  the  intercellular  lymphatic  s] 
by  phagocytic  cells.     This  pigment  is  not  found  in  crystalline  form. 

Haemosiderin  requires  for  its  formation  the  action  of  living  cells,  or 
ferments  derived  from  them;  and  the  presence  of  oxygen  is  also  said  to 
be  a  necessary  condition  for  its  elaboration.  It  is  formed  and  stored  in 
great  excess  in  certain   pathological  conditions  in  which  haemolysis  is 

.igerated,  notably  in  pernicious  anaemia,  malaria,  etc.  It  is  found 
specially  in  the  cells  of  the  liver,  kidneys,  spleen,  bone-marrow,  etc. 

noglobin. 

i 


Haematin.  Globin 

|  (a  protein). 

Haematoidin  (iron-free  HjBmoeideriD  (probably 

hsmatin),  excreted  as         hydrated  ferrous  oxide  in  combination  with 
bilirubin  and  urobilin.         ein).     Stored  for  reconstruction  into  hemoglobin. 
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"HEPATOGENOUS"   PIGMENTATION,  ICTERUS,   OR  JAUNDICE 

are  terms  applied  to  the  conditions  characterised  by  the  presence  of 
bile-pigment,  usually  in  solution  in  the  body-fluids,  whereby  the  tissues 
are  permeated  and  in  a  certain  sense  "  stained  "  by  the  yellow  or  greenish- 
yellow  biliary  pigments  formed  by  and  re-absorbed  from  the  liver.  As 
already  stated,  bilirubin,  the  most  important  of  these  biliary  pigments, 
is  apparently  identical,  or  rather  isomeric,  with  haematoidin,  and  is  derived 
from  the  destruction  of  effete  red  blood-corpuscles  in  the  process  of  haemo- 
lysis. Such  biliary  pigment  is  always  found  in  the  liver,  and  true  general 
jaundice  is  said  not  to  occur  experimentally  if  the  liver  has  been  previously 
removed  or  thrown  out  of  action.  Bile-pigment,  being  soluble  in  alkaline 
watery  media,  is,  in  such  cases  of  jaundice,  for  the  most  part  in  solution 
in  the  blood  and  lymph,  the  tissues  being  thus  permeated,  as  it  were, 
but  not  necessarily  actually  stained,  during  life  at  all  events,  by  the  yellow 
or  greenish-yellow  solution;  though  certain  of  the  tissue-elements,  e.g. 
connective  tissue-fibres,  do  become  bile-stained  during  life,  others,  for 
example,  muscle-cells,  fat-cells,  etc.,  undergo  staining  only  after 
death. 

When  jaundice  becomes  more  advanced,  however,  the  pigment  may 
be  deposited  in  granular  form,  a  condition  which  is  specially  well  seen 
in  the  liver,  and  to  a  less  extent  in  the  kidney-cells,  e.  g.  in  cases  of  severe 
obstructive  jaundice.  In  the  skin  in  old-standing  cases  of  jaundice,  the 
original  yellow  or  greenish-yellow  tinge  may  gradually  be  replaced  by  a 
dark  olive-green  or  even  by  a  dark  brownish-green  colour,  produced 
apparently  by  a  slow  oxidation  or  other  change  in  the  bilirubin. 

Part  of  the  excess  of  the  bile-pigment  and  bile-acids  in  cases  of  jaundice 
is  excreted  in  the  urine  by  the  kidneys,  and  these  organs  are  specially 
liable  to  be  extensively  damaged,  albuminuria  being  a  frequent  accom- 
paniment of  severe  attacks.  The  commonest  cause  of  general  j amid  ice 
is  obstruction  to  the  outflow  of  bile  from  the  liver,  e.g.  caused  by  an 
impacted  gall-stone  in,  or  by  a  tumour  pressing  upon  or  infiltrating,  the 
larger  bile-ducts  or  common  bile-duct;  or,  again,  by  catarrhal  swelling 
of  the  mucous  membrane  of  these  passages.  In  the  so-called  "  hemato- 
genous "  forms  of  jaundice  found  in  various  toxic  conditions,  for  example 
in  the  septicaemias,  cases  of  snake-bite,  etc.,  although  the  haemoglobin 
freed  by  the  disintegration  of  the  red  corpuscles  may  be  in  sufficient 
quantity  in  the  serum  to  produce  a  distinct  yellow  discoloration,  never- 
theless the  jaundice  produced  in  such  cases  is  rather  to  be  regarded  as 
due  to  simultaneous  implication  of  the  liver.  The  haemoglobin  in  the 
blood  is  carried  to  that  organ  and  transformed  into  bile-pigment.  In 
the  liver,  owing  either  to  increased  viscosity  or  increased  toxicity  of  the 
bile,  or  perhaps  also  owing  to  the  direct  action  of  the  original  toxic  sub- 
stances which  cause  the  haemolysis  acting  at  the  same  time  upon  the 
cells  fining  the  bile-capillaries  and  smaller  bile-ducts,  these  passages 
become  readily  blocked,  a  condition  probably  aggravated  by  pressure 
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upon  them  from  without  by  the  liver-cells  which  have  undergone  cloudy 
swelling.  Egress  of  bile  from  these  channels  is  thus  prevented,  and 
absorption  of  it  occurs  by  means  of  lymphatics,  and  perhaps  also  of 
blood-vessels,  the  general  jaundice  so  produced  being  thus  really  due  to 
obstruction  and  stasis  of  the  biliary  flow,  though  in  this  case  it  is  in  the 
smaller  and  not  in  the  larger  biliary  passages  that  the  process  occur-. 
In  all  probability,  in  such  instances  of  toxic  hamiolytic  jaundice,  there 
is  usually  also  some  actual  breaking  down  of  liver-cells,  leading  to  dis- 
organisation of  the  bile-capillary  system,  and  to  the  consequent  absorption 
of  the  bile  by  the  other  available  channels,  viz.  the  lymphatics  and  blood- 
vessels. The  extreme  jaundice  found  in  acute  liver-atrophy  and  in 
phosphorus-poisoning  is  in  all  likehhood  largely  of  this  nature. 

Although  it  appears  to  have  been  proved  that  true  jaundice  is  caused 
only  by  the  resorption  of  bile  formed  in  the  liver,  it  is  possible  that  a 
slight  yellowish  tinge  may  in  some  cases  be  produced  in  the  tissues  by 
the  breaking  down  of  red  cells  while  still  in  the  circulation,  and  the 
extrusion  of  their  haemoglobin  into  the  serum.  Such  haemoglobin  is, 
however,  rapidly  broken  up  by  the  spleen  and  liver,  etc.,  its  hsematoidin 
constituent  being  excreted  as  bilirubin.  It  has  been  shewn  by  van  den 
Bergh  that,  with  the  Ehrlich  diazo-reagent,  bilirubin  may  appear  in  the 
blood  in  excess  in  two  main  forms.  When  the  reagent  is  added  to  the 
serum  from  patients  with  jaundice,  a  violet  colour  may  appear  at  once — 
the  immediate  direct  reaction  :  or  the  violet  colour  may  slowly  develop 
from  a  primary  red — the  delayed  direct  reaction.  It  is  suggested  that, 
in  the  delayed  reaction,  the  bilirubin  is  of  extra-hepatic  origin  (p.  789, 
Reticuloendothelial  Cells),  and  has  passed  directly  into  the  blood,  and  that 
the  jaundice  is  not  dependent  on  obstruction  of  the  ducts,  or  even  on 
destructive  changes  in  the  liver-cells.  The  delayed  reaction  is  - 
in  pernicious  ansemia  and  particularly  in  acholuric  jaundice.  In  the 
latter  condition  there  is  considerable  enlargement  of  the  spleen,  the  red 
corpuscles  shew  marked  fragility,  but  there  are  no  gross  pathological 
changes  in  the  liver.  Since  the  introduction  of  the  van  den  Bergh  test, 
evidence  of  the  gradual  appearance  of  bilirubin  in  hemorrhagic  effusions 
in  the  various  body-cavities  -e.g.  in  knee-joints  after  injury  has  been 
given  by  various  observers.  In  such  cases,  it  Beems  difficult  to  imagine 
that  the  liver  could  have  any  share  in  the  transformation  of  the  hemo- 
globin into  bile-pigment.  On  present  evidence,  however,  we  see  no 
reason  to  modify  the  general  statement  that,  in  typical  cases  of  jaundice. 
degenerative  changes  in  the  liver-cells  are  an  essential  factor. 

The  profound  toxic  effects  of  jaundice  are  to  be  regarded  as  due. 
not  bo  much  to  the  presence  of  bile-pigment,  as  to  the  action  of  the 
accompanying  bile-salts,  which  produce  cloudy  swelling,  haemorrhages 
and  other  cytolytic  phenomena,  bradycardia,  coma  and  death. 

Bile-pigmeni  may  be  found  accumulated,  sometimes  in  considerable 
quantities,  in  the  cells  of  the  liver  and  elsewhere,  in  the  form  of  small 
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greenish  or  greenish-yellow  granules.  A  good  test  for  the  presence  of 
bile-pigment  is  that  known  as  "  Gmelin's  reaction  " ;  but  Ehrlich's 
diazo-reagent  is  more  valuable,  as  it  differentiates  the  purely  hsemolytic 
forms  of  jaundice  from,  at  any  rate,  the  obstructive  forms.  For  farther 
reference  to  this  test  and  its  importance  in  the  study  of  jaundice,  we  refer 
our  readers  to  the  work  of  McNee.1 

Note  on  Malarial  Pigmentation. — It  is  impossible  to  enter  into  this 
important  subject  in  detail,  and  the  following  resume  of  it  must  suffice. 

At  least  three  varieties  of  pigment  may  be  distinguished. 

1.  A  very  dark  brown  pigment,  often  described  as  being  "  black  "  in  colour, 
elaborated  by  the  parasites  from  the  haemoglobin  of  the  red  cells  which  they 
infest.  This  occurs  in  granules,  and  is  the  specific  pigment  which  gives  the 
characteristic  naked-eye  and  microscopical  peculiarities  to  malarial  organs 
and  tissues.  By  some  observers  it  is  regarded  as  being  albuminous  in  nature, 
and  is  therefore  classified  by  them  as  belonging  to  the  melanin  series  of  pig- 
ments. Ewing,2  however,  doubts  the  truth  of  this  view,  and  is  inclined  to 
regard  it  as  being  of  the  nature  of  a  blood-pigment.  It  appears  probable 
that  the  parasite,  in  the  process  of  its  growth,  feeds  upon  the  protein  globin 
radicle  of  the  haemoglobin  of  the  corpuscles,  the  haematin  part  not  being 
assimilated,  but  altered  in  some  way,  and  left  as  a  by-product,  which  may 
or  may  not  have  any  special  function  in  the  life  of  the  parasite.  Whatever 
be  its  nature,  this  pigment  formed  by  the  specific  activity  of  the  parasite  may 
be  found,  sometimes  in  enormous  quantities,  within  phagocytic  cells,  especially 
the  large  mononuclear  leucocytes  and  the  endothelium  of  vessels,  and  in  the 
phagocytic  cells  of  the  spleen,  liver,  and  bone-marrow ;  and,  less  frequently, 
lying  free  in  the  lymphatic  spaces.  It  is  insoluble  in  strong  acids,  is  soluble 
in  alkalies,  and  is  readily  dissolved  by  ammonium-sulphide.  Carbone  and 
Brown  3  state  that  it  resembles  haematin  in  its  spectroscopic  characters, 
and  solubility  in  various  solvents  and  iron-content. 

2.  Yellow  pigment  formed  from  the  haemoglobin  of  broken-down  red  cells. 
This  is  a  product  of  haemolysis,  and  occurs  in  the  cells  of  the  various  organs 
and  tissues.  When  freshly  formed,  although  containing  iron,  it  usually  does 
not  give  a  positive  reaction  with  the  ammonium  sulphide  or  the  ferrocyanide 
tests.  Later,  however,  the  pigment  is  split  up  or  altered,  and  the  typical  iron 
reaction  is  developed,  the  pigment  so  produced  being  indistinguishable  from 
the  haemosiderin  found  in  other  conditions  characterised  by  great  destruction 
of  red  cells  and  their  contained  haemoglobin. 

3.  Bile-pigment  and  urobilin.  The  excessive  amount  of  freed  haemoglobin 
is  transformed  by  the  liver  into  bile-pigment,  and  also  by  the  kidneys  into 
urobilin.  If  the  elimination  of  the  bile-pigment  so  formed  is  deficient,  jaundice 
will  result. 

Haemoglobinuria. — In  certain  diseases  characterised  by  rapid  and  extensive 
destruction  of  red  cells,  more  haemoglobin  may  be  freed  into  the  blood  than 
can  be  dealt  with  and  transformed  into  bilirubin  by  the  liver.  In  such  cases 
the  kidneys  may  excrete  part  of  the  haemoglobin,  the  resulting  urine  being 
dark  brown  or  even  almost  black  in  colour — the  condition  of  haemoglobinuria. 
This  condition  is  typically  seen  in  haemoglobinuric  or  "  black-water  "  fever, 

1  McXee,  Jaundice,  A  Review  of  Recent  Work,  Quurtu-hi  -Jour,  of  Med.,  No.  64, 
July  1923,  p.  390. 

2  Ewing,  Journal  of  Experimental  Medicine,  1902,  vol.  vi.  p.  119. 

3  Carbone  and  Brown,  Journal  of  Experimental  Medicine,  1911,  vol.  xiii.  p 
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and  also  in  the  so-called  paroxysmal  hemoglobinuria.  On  spectroscopical 
examination  of  the  urine  from  such  cases,  the  typical  absorption-bands  of 
hemoglobin,  and  sometimes  of  methemoglobin,  are  found. 

Hematoporphyrinuria,  the  presence  of  haematoporphyrin  or  iron-free 
hematin  in  the  urine  in  excessive  quantities,  is  a  rare  condition,  most  typically 
found  in  certain  individuals  after  the  administration  of  large  doses  of  sulphonal 
or  trional,  the  urine  becoming  of  a  dark  port-wine  colour,  and  shewing  the 
absorption-bands  of  haematoporphyrin  spectroscopically. 

Hemochromatosis  is  a  very  rare  condition,  characterised  by  wide-spread 
pigmentation  of  the  organs  and  tissues  of  the  body,  accompanied  or  preceded 
by  cirrhotic  and  atrophic  changes  in  the  liver  and  pancreas.  The  disease 
of  the  latter  organ  may  or  may  not  give  rise  to  glycosuria.  The  skin  in  such 
cases  may  also  be  the  seat  of  extensive  pigmentation,  a  phenomenon  which, 
coin hiiicd  with  the  presence  of  glycosuria,  led  to  the  application  of  the  term 
"  diabete  bronze  " — "  bronzed  diabetes  " — to  such  cases. 

The  following  are  the  conclusions  of  a  paper  by  one  of  the  authors  upon 
this  subject :  1 — 

1.  The  condition  known  as  hemochromatosis  is  a  distinct  entity,  and  the 
diabetes  associated  with  it  is  but  a  late  manifestation,  due  to  a  very  consider- 
able destruction  of  the  cells  of  the  pancreas  and  an  increase  of  fibrous  tissue. 

2.  The  degeneration  in  the  cells  of  the  liver,  pancreas,  and  other  organs, 
and  the  cirrhosis,  in  part,  are  due  to  a  toxic  agent  possibly  derived  from  the 
intestine  by  way  of  the  portal  circulation. 

3.  The  pigmentation  is  due  partly  to  the  degenerated  cells  not  being  able 
to  perform  their  metabolic  processes  properly,  and  partly  to  transportation 
from  the  liver  and  pancreas. 

4.  The  cirrhosis  is  due,  mainly,  to  the  toxic  agent  causing  the  cell-degenera- 
tion, but  one  must  admit  that  it  may  be  due,  in  part,  to  the  irritation  caused 
by  the  pigment. 

CHANGES  OCCURRING  IN  EFFUSED  OR  EXTRAVASATED  BLOOD. 

Haemorrhage,  or  the  escape  of  blood  from  the  vessels,  may  occur  into  the 
tissues  or  cavities,  or  from  the  surface  of  the  body,  and  is  due  to  injury 
of  the  vessel-wall,  which  may  be  either  traumatic  or  toxic  in  origin. 
Hemorrhage  may  also  occur  from  the  heart,  e.g.  from  rupture  or  injury. 
Hemorrhages,  varying  in  size  from  those  visible  only  by  means  of  the 
microscope,  up  to  large  effusions,  may  be  found.  Among  the  toxic 
causes  of  hemorrhage  may  be  mentioned  the  bacterial  toxins:  certain 
chemical  poisons  such  as  phosphorus:  phytotoxins  or  vegetable  poisons 
such  as  ricin  and  abrin :  zootoxins  or  animal  poisons  such  as  snake- 
venom,  which  contains  a  specific  substance,  an  endothelio-toxin  or  endo- 
thelio-lysin,  which  specially  attacks  the  endothelium  of  the  vessels. 
The  hemorrhages  occurring  in  pernicious  and  other  anemias,  leuco- 
cythemia,  Blight's  disease,  etc.,  arc  probably  also  due  to  toxic  substances 
<»f.  as  yet,  unknown  nature  and  origin,  present  in  the  blood;  and  it  has 
already   been   mentioned  that  the  hemorrhages   which   may  occur  in 

1  J.  M.  Beat  tic,  "  Hemochromatosis  with  Diabetes  Mellitus,"  Journal  of  Pathology 
and  Bacttrioluff!/,  1903.  vol.  viii.  p.  117. 
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jaundice  are  in  all  probability  due  to  the  toxic  action  of  the  re-absorbed 
bile-acids. 

The  secondary  changes  occurring  in  such  haemorrhages  vary  con- 
siderably with  their  size  and  locality,  and  may  also  be  influenced  by  the 
presence  of  the  toxic  substances  in  the  blood,  or  by  organisms. 

When  of  small  size,  they  are  usually  readily  absorbed,  but  when 
large,  such  absorption  may  be  very  gradual,  and  may  be  partial,  and 
in  some  cases  very  slight.  The  sequence  of  the  changes  to  be  observed 
in  effused  blood  may  be  readily  studied  by  injecting,  with  aseptic  pre- 
cautions, varying  quantities  of  blood  into,  say,  the  peritoneal  cavity  or 
elsewhere.  Coagulation  may  or  may  not  occur,  depending  on  the  presence 
or  absence  of  the  necessary  ferments,  and  on  the  amount  and  nature  of 
cell-damage  in  the  part,  and  also  on  the  variety  of  cells  present.  Small 
haemorrhages  may  be  rapidly  absorbed,  the  fluid  of  the  effused  blood 
being  carried  off  by  lymphatics,  and  perhaps  also  by  blood-vessels.  Some 
of  the  red  blood-corpuscles  may  also  directly  pass  into  the  lymphatics. 
If  the  effusion  is  of  large  size,  however,  these  processes  may  be  very 
imperfectly  carried  out,  and  other  changes  then  occur  in  the  remaining 
mass.  This  may  gradually  become  more  inspissated  by  absorption  of 
fluid.  Coagulation  need  not  necessarily  occur,  but  the  red  corpuscles 
usually  run  together  into  homogeneous  masses,  their  haemoglobin  being 
largely  extruded.  This  haemoglobin  may  soak  into  and  stain  the  sur- 
rounding tissues,  and  a  large  part  of  it  may  be  absorbed  into  the 
lymphatics  and  blood-vessels  and  carried  to  the  liver,  and  excreted  as 
bile-pigment.  If  large  quantities  of  haemoglobin  are  freed,  the  kidneys 
will  also  take  part  in  its  excretion,  and  in  such  cases  the  haemoglobin 
or  its  derivatives  appear  to  act  as  powerful  cell-poisons,  and  may  produce 
marked  cloudy  swelling  and  other  degenerative  changes  in  the  organs 
and  tissues,  and  may  also  cause  considerable  local  inflammatory  reaction. 
In  many  cases  of  sterile  haemothorax,  occurring  during  the  war,  Carnegie 
Dickson  has  observed  that,  for  a  very  considerable  period  of  time,  the 
extravasated  blood  may  remain  unaltered  in  its  naked-eye  characters 
and  without  coagulation,  the  red  corpuscles  also  remaining  apparently 
unaltered  and  well-preserved  in  shape,  size,  haemoglobin-content,  etc. 

Chemical  and  physical  changes  also  occur  locally  in  the  pigment  of 
the  effused  blood.  The  haemoglobin  is  split  up,  probably  by  enzyme - 
action,  into  its  components,  globin  and  haematin.  The  former  is  readily 
digested  and  removed,  whilst  the  latter  is  further  split  up  by  enzymes 
into  the  iron-free  haematoidin  and  iron-containing  haemosiderin.  The 
granules  of  the  latter  are  very  slowly  removed,  carried  to  the  liver  and 
elsewhere,  and  stored  until  they  can  be  utilised  for  the  formation,  in  the 
bone-marrow,  of  fresh  haemoglobin.  The  haematoidin  not  removed  to, 
and  excreted  by,  the  liver,  and  therefore  especially  that  part  of  it  in  the 
deeper  portions  of  the  effused  blood,  slowly  crystallises  out  to  form  the 
characteristic  ruby-red  prisms,  etc.,  as  already  described  earlier  in  this 
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chapter.    Jn  large  hemorrhages,  where  the  absorptive  changes  are  very 
slow  or  imperfect,  hamatin,  or  even  the  original  haemoglobin,  may  remain 

intact,  and  may  crystallise  out.     Hiematoidin  is,  however,  of  very  much 
more  frequent  occurrence,  and,  as  already  noted,  may  persist  for  many 

rs  in  the  remains  of  old  blood-clots.    Another  important  and    . 
insoluble  constituent  of  the  red  blood-corpuscles,  viz.  cholesterol,  may 

also  crystallise  out,  and  its  characteristic  rhomboidal  plates,  often  with 
a  notch  out  of  one  corner,  may  be  found  in  old  hsBmorrhagi 

Phagocytosis  in  and  around  blood-effusions  is  a  subject  which  i 
some  extent  dealt  with  elsewhere.  Both  red  blood-corpuscles,  and  the 
granules  and  crystals  of  pigment  derived  from  their  disintegration,  may 
vtensively  taken  up  by  various  phagocytic  cells,  more  especially  by 
the  macrophages  or  large  mononuclear  cells,  fully  described  in  the  section 
on  phagocytosis.  Ingested  red  corpuscles  rapidly  disappear  within  the 
digestive  vacuoles  of  these  cells,  leaving  some  pigment  granules  in  the 
protoplasm  as  a  residue.  These  phagocytic  cells  may  then  migrate  and 
deposit  their  contained  pigment  elsewhere.  They  specially  tend  to  | 
along  the  lymphatics,  and  are  arrested  in  the  lymphatic  glands,  where 
they  may  deposit  their  contents;  or,  perhaps  more  commonly,  are  them- 
selves  englobed  by  the  actively  phagocytic  endothelial  cells  which  line 
the  lymph-sinuses  of  the  glands,  often  leading  to  extensive  pigmentation 
of  these  organs.  The  pigment-particles  may  also  be  found  in  the  endo- 
thelial cells  lining  lymphatics,  and  in  the  connective-tissue  and  other 
cells  in  the  neighbourhood,  or  they  may  be  earned  even  to  distant  p 
of  the  body.  This  pigment  may  persist  for  very  long  periods ;  and 
ultimately  the  remains  of  such  a  haemorrhage  may  shew  as  brownish  or 
brownish-red  pigment  granules  or  crystals  and  debris,  surrounded  by 
proliferated  fibrous  tissue. 

Blood  effused  into  certain  organs  or  tissues  may  undergo  special 
changes.  For  example,  in  gastric  haemorrhage,  the  blood  may  become 
brownish  from  the  action  of  the  gastric  juice — the  brown  colour  being  due 
to  the  decomposition  of  haemoglobin  into  kaematin  and  globin;  or  it 
may  be  blackened  by  the  action  of  sulphuretted  hydrogen  upon  it,  e.g. 
in  the  stomach,  and  especially  in  the  intestine  leading  to  the  condition 
known  as  melaena,  or  the  presence  of  black  altered  blood  in  the  stools. 
Not  only  submucous  intestinal  haemorrhages,  but  also  small  subserous 
haemorrhages  on  the  outside  of  the  intestine  and  elsewhere  in  the 
peritoneal  cavity,  are  frequently  seen  post  morh  nail  black  spots, 

due    in    a    similar    way    to    the    production    in    them    of    sulphide    of 
iron. 


III.     PIGMENTARY  SUBSTANCES  OF  EXTRANEOUS  ORIGIN 

Substances   introduced   into   the    body    from   without    may    produce 
alterations  in  the  colour  of  the  tissues,  either  because  of  these  Bui 
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themselves  possessing  definite  colour,  or  because  they  may  stain,  or  may 
form  coloured  compounds  with  the  tissues  or  with  certain  of  the  tissue- 
elements. 

Such  substances  may  obtain  entrance  into  the  body  by  means  of  the 
respiratory  passages  or  the  alimentary  canal,  or  through  the  skin. 

(a)  Pneumonokoniosis,  or  Pigmentation  due  to  Inhalation  of  Foreign 
Particles. — The  lungs  of  newly-born  infants,  and  also  those,  it  is  said,  of 
persons  who  live  in  regions  where  dust  and  smoke  are  absent — e.  g.  Lap- 
landers— are  pale  in  colour,  and  do  not  shew  the  presence  of  particles  of 
carbon,  stone-dust,  etc.,  so  commonly  seen  in  these  organs  as  almost  to 
be  regarded  as  a  normal  condition,  more  especially  in  city-dwellers  or  in 
workers  exposed  to  dust  by  the  nature  of  their  occupation.  Minute 
particles  of  soot,  coal,  stone,  etc.,  suspended  in  the  air  in  the  form  of 
dust,  are  inhaled  into  the  respiratory  passages.  The  greater  part  of  this 
dust  comes  in  contact  with,  and  adheres  to,  the  moist  mucous  surfaces 
of  the  nose,  pharynx  and  trachea,  and  larger  bronchi,  and  is  carried  out 
by  the  secretions  of  these  passages.  If  in  excessive  amount,  however, 
some  of  the  particles  may  be  carried  further  into  the  lungs,  and  perhaps 
even  as  far  as  the  ultimate  air- vesicles,  though  most  of  them  are  probably 
caught  on  the  moist  walls  of  the  smaller  bronchi.  The  particles  are  then 
englobed  by  phagocytic  cells — leucocytes,  epi-  and  endo-thelial  cells  (see 
Plate  III.  fig.  6)— and  these,  if  not  carried  out  by  the  ciliary  movements 
of  the  cells  lining  the  bronchi  and  expectorated  in  the  sputum,  may 
migrate  into  the  lymphatic  spaces  and  along  the  lymphatic  channels  of 
the  fibrous-tissue  framework  of  the  lungs,  carrying  with  them  their 
contained  pigment.  This  they  may  deposit  in  the  lymph-spaces  of 
any  part  of  the  fibrous  framework,  for  example,  in  the  peribronchial 
and  perivascular  tissue,  and  in  the  interlobular  septa,  especially  where 
these  join  the  deeper  layer  of  the  pleura,  thus  tending  to  demarcate  the 
outlines  of  the  lobules,  and  producing  a  somewhat  polygonal  network 
of  pigment  which  may  be  seen  shining  through  the  transparent  serous 
layer  of  the  pleura.  Some  of  the  pigment  is  also  usually  carried  to  the 
bronchial  and  perhaps  to  other  groups  of  lymphatic  glands,  which  act 
as  filters  for  the  lymph-stream.  Such  pigment,  especially  if  in  excessive 
quantity,  acts  as  a  chronic  irritant,  and  produces  a  gradual  proliferative 
increase  of  the  fibrous  tissue  of  the  lung. 

In  the  case  of  coal-miners  and  others  exposed  to  an  excessive  amount 
of  coal-dust  in  the  air  they  breathe,  this  pigmentation  and  chronic  pro- 
liferation of  the  fibrous  tissue  of  the  lungs  may  become  very  extreme. 
and  is  known  as  Coal-miners'  Lung,  or  Anthracosis,  from  the  black  colour 
of  the  organs.  The  bronchial  glands  of  such  cases  usually  become  deeply 
pigmented,  and  the  pigment  may  also  be  found  in  more  distant  groups 
of  glands,  and  even  in  the  spleen  and  liver,  and  lymphatics  of  the  peri- 
and  epi-cardium,  diaphragm,  and  elsewhere. 

The  inhalation  of  fine  particles  of  stone-dust  produces  similar,  but 
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usually  more  marked  and  severe,  results,  the  irritation  and  proliferal 
changes  being  more  pronounced.    The  condition  is  known  as  Silicosis, «  r 
Stone-masons'  Lung,  and  frequently,  though  not  necessarily,  is  combined 

with,  or  leads  to  invasion  of  the  diseased  I  issues  by,  the  tubercle  bacillus. 
Other  forms  of  these  pneumonokonioses  (or  " lung-dust-diseases ") 
may  he  produced  in  iron  or  steel-grinders  (siderosis).  workers  in  vermilion, 
feathers,  etc.  In  the  case  of  grinders,  the  stone-dust  produced  from 
the  grindstone,  no  less  than  the  fine  particles  of  metal,  probably  plays 
an  important,  and  perhaps  the  chief,  part  in  the  production  <>f  this  form 
of  the  diseasi 

(b)  Pigmentation  Produced  by  Substances  Introduced  by  the  Alimentary 
Canal. — In  this  instance,  the  substances  may  be  absorbed  in  solution; 
and  later,  on  being  carried  to  the  tissues,  may  become  altered  in  such  a 
way  as  to  produce  pigmentation,  for  example  in  argyria,  or  chronic 
silver-poisoning,  which  may  supervene  in  cases  where  soluble  silver  e 
are  administered  for  a  prolonged  period.  Particles  of  the  insoluble 
albuminate  of  silver  are  deposited  in  the  skin,  especially  in  the  connective 
tissue  around  the  sebaceous  and  sweat-glands;  and  also  in  the  liver, 
bone-marrow,  and  kidneys,  more  particularly  in  the  glomeruli,  and  in 
and  around  the  straight  tubules  and  elsewrhere.  In  the  case  of  the  skin, 
the  pigment  may,  under  the  action  of  light,  assume  a  slate-grey  or  even 
a  dark  bluish-purple  colour. 

In  like  manner,  the  prolonged  ingestion  of  small  quantities  of  arsenic, 
either  medicinally  or  as  an  impurity  in  beer  or  other  article  of  diet,  may 
lead  to  marked  pigmentation  of  the  skin.  In  chronic  lead-poisoning, 
the  characteristic  "  blue  line  "  on  the  gums  along  the  roots  of  the  teeth 
is  due  to  the  formation  of  lead  sulphide,  and  is  most  marked  where 
attention  is  not  paid  to  cleanliness  of  the  teeth. 

(c)  Pigmentation  due  to  Foreign  Particles  introduced  through  the 
Skin. — Perhaps  the  best  example  of  this  is  in  tattooing,  where  insoluble 
pigmentary  substances  such  as  carbon  (e.g. in  the  form  of  gunpowder,  or 
Indian  or  Chinese  Ink),  Prussian-blue,  vermilion,  etc.,  are  intentionally 
introduced  through  small  punctured  wounds  in  the  skin.  In  such  c 
some  of  the  pigment  may  be  carried  by  phagocytes  and  deposited  in 
neighbouring  lymphatic  glands.  Similar  pigmentation  may  follow  from 
the  penetration  of  unburned  grains  of  gunpowder  in  explosions,  or  from 
the  firing  of  blank  cartridge.  In  persons  following  certain  occupations. 
e.g.  miners,  chimney-sweeps,  engineers,  etc.,  from  lack  of  proper 
attention  to  cleanliness,  dirt -particles  may  !>•  into  or 
"ingrained"   in   the  skin. 

POST-MORTEM   CHANGES 

Under  this  heading  may  be  classified  the  occurrence  of  rigor  mortis  : 
ining  of  the  tissues  from  autolysis  and  from  put  refaci  ion  :    po<t-mortem 
discoloration  of  the  tissues,  gas-production,  etc. 
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RIGOR  MORTIS  is  a  stiffening  of  the  dead  body,  due  to  the  hardening 
and  shortening  of  its  muscular  tissues.  It  is  said  to  supervene  first  in 
the  muscle  of  the  heart,  but  the  earliest  superficial  evidence  of  it  is  usually 
to  be  found  in  the  muscles  of  the  face,  the  rest  of  the  body  becoming 
involved,  roughly,  from  above  downwards,  and  the  condition  tending  to 
pass  on0  again  in  the  same  order.  The  cause  of  the  phenomenon  is  the 
coagulation  of  certain  protein  substances — the  globulins  myosinogen  and 
paramyosinogen,  which  are  present  in  the  muscle-plasma — perhaps  under 
the  influence  of  an  enzyme,  which,  however,  has  not  yet  been  isolated. 
These  two  substances  become  coagulated  to  form  myosin  or  muscle-clot, 
a  reaction  which  is  hastened  by  the  presence  of  lactic  acid  in  the  muscles. 
The  period  after  death  at  which  rigor  mortis  may  supervene  is  extremely 
variable,  and  depends  upon  many  factors,  such  as  the  duration,  rapidity, 
and  nature  of  the  illness  preceding  death.  It  usually  appears  in  from 
one  to  seven  hours  after  death,  and  may  pass  off  in  a  day  or  two.  In 
cases  of  tetanus,  or  of  strychnine  poisoning,  and  in  some  of  the  acute 
infective  fevers,  it  may  supervene  almost  immediately  after  or  even 
before  actual  death  has  taken  place.  It  also  occurs  very  rapidly  in 
individuals  dying  after  severe  muscular  exertion,  owing  to  the  large  amount 
of  lactic  acid  present  in  the  muscles ;  and  it  is  usually  more  marked  in 
muscular  individuals  than  in  those  who  are  ill-developed  or  wasted.  In 
other  conditions,  e.g.  death  from  haemorrhage,  its  appearance  may  be 
greatly  delayed,  or  it  may  be  very  slight,  or  even  absent.  As  a  general 
rule,  the  more  rapid  its  onset,  the  more  quickly  does  it  disappear,  and 
vice  versa.  In  all  probability  its  disappearance  is  due  to  the  softening 
of  the  myosin  clot  under  the  action  of  autolytic  ferments,  which  will  be 
discussed  later. 

POST-MORTEM  SOFTENING  OF  THE  TISSUES.— This  process  may 
be  brought  about  by  two  sets  of  substances,  viz.  the  bacterial  and  the 
autolytic  tissue-ferments  or  enzymes ;  and  it  may  be  inhibited  by  destroy- 
ing or  preventing  the  development  of  these  substances,  e.g.  by  heat, 
or  by  chemical  preservatives,  such  as  formalin,  corrosive  sublimate, 
alcohol,  etc. 

The  normal  process  of  putrefaction  occurring  in  organic  matter  con- 
sists in  the  splitting  up  of  the  more  complex  into  simpler  chemical  sub- 
stances by  the  agency  of  the  bacteria  of  putrefaction.  These  act  upon 
the  tissues  by  means  of  proteolytic  and  other  digestive  ferments,  the 
processes  being  in  many  ways  similar  to  those  occurring  during  animal 
digestion. 

Such  putrefactive  processes  may  occur  with  great  rapidity  after 
death,  and  are  aided  by  warmth,  moisture,  and  the  ready  access  of  putre- 
factive organisms.  They  occur  early  in  cases  of  death  from  septicaemia 
and  where  the  organisms  enter  the  blood-stream  and  tissues  before 
death.  Such  organisms  are  always  present  on  the  surfaces  of  the  body 
and  in  certain  parts  of  the  alimentary  canal,  especially  the  mouth  and 
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lines;    and  put]  •  changes  are  generally  found   first  in  these 

regions,  and  particularly  in  the  abdomen. 

Putrefaction  is  usually  accompanied  by  the  production  of  gases  such 
ilphuretted  hydrogen,  which  may  act  upon  the  blood  present  in  the 
tissues,  and  produce  oertain  colour  phenomena  referred  to  in  * 

ie  bubbles  are  also  frequently  found  in  the  vessels,  for  example 
on  the  surface  of  the  brain.    These  are  due  to  decomposition  prod  , 
and  should  not  he  mistaken  for  air-embolism  (q.v.). 

iftening  of  the  tissues  after  death  also  OCCUTB  from  the  action  of 
certain  ferments  which  are  developed  from  the  tissues  themselves,  quite 
apart  from  the  presence  of  bacteria.  Thus,  if  pieces  of  tissue  are  incub 
under  aseptic  precautions,  they  become  softened  and  disintegrated  from 
the  action  of  these  so-called  autolytic  ferments,  the  earlier  stages  of  the 
process  very  much  resembling  what  is  seen  in  cloudy  swelling  and  in 
necrosis.  The  phenomenon  known  as  the  "  ripening"  of  meat,  and  also 
the  disappearance  of  rigor  mortis  in  muscle,  appear  to  be  due  to  the  action 
of  these  autolytic  ferments,  and  occur  even  if  bacterial  action  is  prevent..  I. 
e.g.  by  suitably  lowering  the  temperature. 

While  discussing  these  post-mortem  autolytic  phenomena,  mention 
may  also  be  made  of  what  is  known  as  post-mortem  digestion  of  the 
stomach,  the  wTall  of  which  organ  may,  after  death,  become  extensively 
thinned  and  even  perforated  by  the  action  of  the  gastric  juice,  especially 
if  death  has  occurred  during  active  digestion.  A  similar  post-mortem 
auto-digestion  by  means  of  the  normal  ferments  of  its  own  secretion  is 
specially  liable  to  occur  in  the  pancreas. 

The  naked-eye  and  microscopical  alterations  produced  in  the  tissues 
by  these  bacterial  and  autolytic  ferments  must  be  constantly  borne  in 
mind  in  the  examination  of  post-mortem  specimens,  and  it  is  sometimes 
extremely  difficult  to  differentiate  between  these  alterations  and  the 
changes  produced  by  bacterial  and  other  toxins  in  disease,  both  conditions 
being  usually  combined  in  varying  degree. 

Foi   descriptions   of   the    putrefactive    changes   which   occur   in   the 
intestines  during  life,  e.g.  the  production  of  indole,  skatole.  sulphur. 
hydrogen,  etc.,  reference   should   be  made  to  works   on   Physio]... 
Chemistry;  similarly,  descriptions  of  th<  iposition-ohai 

which  occur   at    various  periods  after  death  will  be  found  in  t' 
on  Medical  Jurisprudence. 

GAS-PRODUCTION  IN  THE  ORGANS  OR  TISSUES.     Reference  has 
already  been  made  to  the  production  of  sulphuretted  hydrogen  by  \ 
factive  bacteria  in  the  alimentary  canal.    Qas  may  also  be  produced  in 
the  tisanes  by  the  action  <»f  special  gas-forming  organisn 

psnlatus.  the    Jhuilhis  of  maligfia  "tC. 

POST-MORTEM  DISCOLORATION  OF  THE  TISSUES.  -When  ! 
pigmeni  sively  liberated  from  the  red  corpuscles  by  putrefaction, 

it   may   soak   out    through   the    \vssel-walls   and   stain   the   neighbor!] 
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tissues.  After  death  from  septicsemic  diseases,  this  usually  occurs  very 
early,  and  the  cutaneous  veins  may  frequently  be  seen  marked  out  on 
the  surface  of  the  body  as  reddish  or  greenish-red  lines.  Similarly,  the 
tissues  and  organs,  e.  g.  the  liver,  spleen,  kidneys,  etc.,  may  show  a  diffuse 
red  staining;  and  a  like  phenomenon  may  be  observed  in  the  endo- 
cardium and  inner  coats  of  the  aorta,  pulmonary  and  other  vessels.  It 
should  be  noted,  however,  that  such  diffuse  blood-staining  may  occur 
from  blood-destruction  in  toxic  and  septicemic  cases,  quite  apart  from 
post-mortem  decomposition. 

Again,  the  greenish  post-mortem  discoloration  so  frequently  seen  in 
the  skin,  usually  commencing  over  the  abdomen,  is  due  to  the  action  of 
the  sulphuretted  hydrogen,  liberated  during  putrefaction,  upon  the  still 
undecomposed  haemoglobin  of  the  blood.  Similarly,  the  dark  slate-blue, 
dark  greenish,  or  almost  pure  black  discoloration  (Pseudomelanosis) 
often  observed  on  the  surface  of  the  abdominal  organs,  and  even  pene- 
trating their  substance  for  a  considerable  depth,  especially  in  the  case 
of  the  liver  and  spleen,  is  due  to  sulphuretted  hydrogen,  generated  in  the 
intestines,  acting  upon  the  iron  of  the  haemoglobin  after  that  pigment  has 
been  broken  up,  the  black  sulphide  of  iron  being  formed.  In  certain 
circumstances  this  black  or  greenish-black  discoloration  may  occur 
during  life,  e.  g.  round  inflammatory,  and  especially  round  and  in 
gangrenous,  foci  or  areas. 

Pigmentation,  or,  more  accurately,  discoloration  of  the  skin  and 
mucous  membranes,  may  be  produced  by  certain  coloured  parasitic  fungi  ; 
for  example,  one  of  the  black  moulds,  Mucor  niger,  which  causes  a  black 
discoloration  of  the  lingual  papillae.  In  thrush,  white  patches  are  pro- 
duced on  the  buccal  mucous  membrane  by  O'idium  albicans.  Some  of 
the  coloured  aspergillece  are  also  sometimes  pathogenetic  in  man — for 
example,  Aspergillus  niger,  the  cause  of  aspergillar  mycosis,  which  may 
attack  the  outer  and  middle  ear,  nose,  mouth,  etc.  Microsporon  furfur : 
which  causes  pityriasis  (or  tinea)  versicolor,  produces  a  brown  or  brownish- 
yellow  discoloration  of  the  skin,  and  has  not  yet  been  definitely  classified. 

CALCIFICATION 

(Synonyms. — Calcareous  Degeneration,  Calcareous  Infiltration,  Petri- 
faction.) 

Calcification  is  a  process  characterised  by  the  deposit  in  the  tissues 
of  insoluble  salts  of  calcium  and  magnesium,  more  especially  calcium 
phosphate  and  carbonate,  the  process  being  usually  a  consequence  of 
other  degenerative  conditions. 

The  changes  found  in  calcareous  degeneration  must  !><>  carefully 
distinguished  from  the  process  of  ossification  in  normal  growing  bono. 
and  even  in  pathological  bone-formation,  processes  in  which  the  laying 
down  of  the  calcium  salts  is  carried  out  as  B  special  function  of  the  bono- 
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forming  cells  of  the  part,  and  in  which,  as  pointed  out  by  Klotz,1  there 
is  nothing  to  indicate  any  connection  between  this  process  and  the  forma- 
tion of  the  fatty  substances,  the  presence  of  which  he  considers  an  essential 
preliminary  to  pathological  calcification. 

The  process  of  calcification  is  of  extremely  common  occurrence  in 
dead  or  degenerated  tissue  within  the  living  body,  not  only  in  man,  but 
in  most  of  the  lower  animals,  especially  the  herbivora.  In  old  age, 
calcification  of  the  costal  and  laryngeal  cartilages  and  of  the  coats  of 
the  arteries  is  very  common,  and  to  a  certain  extent  may  be  regarded 
as  a  normal  senile  change;  but  in  some  individuals,  as  the  result  of 
increased  strain  or  from  chronic  inflammatory  or  other  causes,  the 
process  may  take  place  abnormally  early,  or  to  an  excessive  degree.  It 
may  occur  at  any  age  in  a  weakened  and  damaged  tissue — especially  in 
fibrous  tissue — which  has  been  the  seat  of  inflammatory  or  degenerative 
changes,  for  example  in  the  coats  of  blood-vessels  which  have  been 
attacked  by  atheroma  or  other  form  of  arteriosclerosis ;  and  similarly,  it 
may  be  found  in  heart-valves  which  have  been  subject  to  long-continued 
abnormal  strain,  or  which  have  been  the  seat  of  chronic  endocarditis. 
In  these  situations,  it  is  almost  certain  that  the  deposit  of  lime  and  other 
salts  always  supervenes  upon  some  other  degenerative  change,  most 
commonly  fatty  degeneration,  though  in  the  vessels  it  may  also  follow 
hyaline  degeneration. 

Calcification  may  also  be  found  in  old  haemorrhages :  thrombi  (e.g. 
as  "  phleboliths,"  etc.) :  in  the  remains  of  inflammatory  exudates, 
for  example  in  the  pleura  or  pericardium,  where  these  have  undergone 
incomplete  absorption.  One  of  the  commonest  sites  of  the  process  is  in 
old  tuberculous  lesions,  for  example  in  old  caseous  foci  in  the  lungs,  old 
caseous  tuberculous  glands,  etc.  It  may  be  found  in  any  area  of  degener- 
ating and  dead  tissue  within  the  living  body,  for  example  in  old  infarcts : 
in  the  dead  and  retained  foetus  in  utero  ("  lithopaedion  ") :  in  some  tumours 
(e.g.  in  myomata,  as  the  so-called  "  womb-stones  ?'):  in  dead  parasites, 
and  even  in  portions  of  living  ones  (e.g.  in  the  capsule  of  Trichina 
spiralis) :  and  in  and  around  included  foreign  bodies.  Calcification  is 
an  important  agency  in  the  production  of  some  varieties  of  calculi  in 
various  situations,  for  example  in  gland-ducts,  or  in  hollow  organs,  e.  g. 
in  the  case  of  biliary  (gall-stones),  renal,  vesical,  intestinal,  salivary, 
and  pancreatic  calculi.  Many  of  these  calculi  start  originally  as  small 
collections  of  inspissated  mucus,  degenerated  cells,  inflammatory  pro- 
ducts, etc.,  these  becoming  first  infiltrated  and  then  surrounded  In- 
consecutive layers  of  lime  or  other  salts.  In  the  same  way,  urinary  oi 
other  crystals,  foreign  bodies,  etc.,  may  act  as  "  nuclei,"  around  which 
calculi  may  be  formed  by  accretion  of  lime,  often  mixed  or  alternat- 
ing with  other  substances,  e.g.  with  uric  acid,  urates,  etc.,  in  the  i 

1  Klotz,  "  Studies  upon  Calcareous  Degeneration,"  Journal  of  Experimental 
Medicine,  vol.  vii.  1905. 
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of  urinary  calculi ;  or  with  cholesterol,  bile-pigment,  etc.,  in  the  case  of 
gall-stones. 

Effects  of  Calcification  on  the  Tissues. — Heart-valves,  arteries,  tendons, 
etc.,  affected  by  the  change,  become  more  rigid,  and  may  show  a  loss 
of  elasticity  and  an  increased  brittleness  which  may  render  them  liable 
to  rupture.  The  affected  parts  become  hard,  white,  whitish-yellow,  or 
slightly  brownish,  and  opaque  in  appearance ;  the  lesions  are  often  rough 
and  gritty  or  nodular  to  the  touch,  and  arrest  the  knife  on  section.  In 
the  case  of  calcification  of  old  tuberculous  areas  in  the  lung,  or  of  old 
caseous  bronchial  glands,  there  is  often  deeply  pigmented  fibrous  tissue 
mingled  with  or  surrounding  the  calcified  areas. 

Chemical  and  Staining  Reactions  in  Calcareous  Degeneration. — 
Calcium  and  magnesium  phosphates  are  soluble  in  dilute  acetic  or  hydro- 
chloric acid  without  the  evolution  of  carbon  dioxide  gas;  whilst  the 
corresponding  carbonates  are  also  freely  soluble  in  these  acids,  with  the 
production  of  this  gas. 

Microscopically,  when  unstained,  the  deposit  usually  shows  as  an 
aggregation  of  small  refractile  granules  or  masses,  dark  by  transmitted, 
and  white  by  reflected,  light. 

Hematoxylin  produces  with  calcium  salts,  if  these  be  present  in 
sufficient  amount,  an  intense  bluish-black  colour,  the  salts  being  usually 
in  the  form  of  fine  dust-like  granules. 

Klotz  finds  von  Kossa's  silver-impregnation  method  the  most  delicate 
test  for  calcium  salts ;  but,  as  the  reaction  is  chiefly  limited  to  the  calcium 
phosphate,  he  recommends  the  preliminary  conversion  of  the  calcium 
salts  into  chromate,  the  calcium  being  then  replaced  by  silver,  and  the 
silver  chromate  thus  obtained  blackened  by  exposure  to  sunlight. 

Mechanism  of  the  Process. — Among  the  older  theories  as  to  the  method 
by  which  the  process  of  calcification  is  produced,  may  be  mentioned  that 
of  Virchow,  who  thought  that  in  old  age,  and  also  in  certain  diseases, 
there  occurred  a  solution  or  absorption  of  lime-salts  from  the  atrophying 
bones,  and  a  consequent  excess  or  over-concentration  of  these  in  the 
blood,  followed  by  their  deposition  in  the  calcifying  areas — a  process  of 
"  metastatic  calcification."  Lancereaux  believed  that  this  supposed 
supersaturation  of  lime-salts  in  the  blood  was  due  to  defective  excretion 
of  these  by  the  kidneys.  There  is  no  experimental  evidence  that  any  such 
"supersaturation"  actually  occurs,  and,  in  1881,  these  theories  were 
superseded  by  the  views  of  Litten,  who  pointed  out  the  predilection 
which  certain  tissues  and  substances,  for  example  dead  or  degenerating 
tissues,  possess  for  lime-salts;  and  he  cites,  as  an  example,  the  calcifica- 
tion which  may  occur  experimentally  in  necrotic  secreting  cells,  and  in 
casts  formed  by  the  fusion  of  these  in  the  tubules  of  the  kidney — a  process 
which  may  occur  in  chronic  renal  disease,  but  which  is  specially  found 
in  connection  with  corrosive  sublimate  poisoning,  a  point  confirmed  by 
Lvon  and  other  observers. 
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Litter)  believed  thai  a  "  coagulation-necrosis n  of  the  cells  forms  a 
necessary  preliminary  to  calcification.  tl  and  altered  protopl 

easing  a  Bpecial  affinity  for,  and  fixing  in  insoluble  form,  the  soluble 
lime-salts  of  the  blood  and  lymph. 

That  sonic  i  itive  condition  of  the  tissue  IB  an  '  pre- 

liminary to  calcification  is  practically  certain,  as  oven  a  bu  ss  of 

lime-salts  in  the  food  ot  Mood  will  not  produce  the  calcification  of  healthy 
tissues.  Greenfield  and  Lyon  *  state  that  "the  old  view,  that  an  ante- 
cedent fatty  degeneration  was  necessary,  cannot  now  be  maintained, 
as  it   is  not   essential  that   any  such  defeneration   should   precede  the 


&Kf&' 

0? 

'*$% 

5«i *  /• 

Fig.  - 1  ■-  -Area  ol  Calcification  occurring  in  a  necrotic  area  in  ■  aareoma. 
The  calcareous  particles  are  stained  very  dirk  with  hematoxylin.         200. 


deposition  of  lime-salts."  The  most  recent  work  on  this  subject  has 
been  done  by  Klotz.  whose  investigations  were  undertaken  to  determine, 
histologically  and  experiment  ally,  the  organic  substance  present  in 
degenerating  tissues  with  which  lime-salts  entered  into  combination; 
and  the  general  conclusion  to  which  he  comes  from  his  experimental 
work  on  animals,  and  from  the  analysis  of  degenerating  human  tissues, 
is  that  calcareous  degeneration  is  preceded  or  accompanied  by  the  deposit 

in  them  of  fatty  material,  usually  in  the  form  of  BOapS.     This  soap,  he 

states,  exists  in  chronically  inflamed  tissues,  or,  if  lime  is  already  to 
be  found  in  the   tissues,  the  soap  appears  in  the  peripheral  zone  of  the 

1  Crccnfiekl  and  Lyon,  Chapters  in  Pathub 
P.  23. 
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calcareous  infiltration.     The   stages  of  the    process,  according  to   Klotz, 
appear  to  be  as  follows  : — 

1.  Calcareous  infiltration  is  preceded  by  a  degeneration  of  the  affi 
tissue,  characterised  by  the  presence  of  neutral  fats,  fatty  acids  and  soaps, 
which  stain  with  Sudan  III. 

2.  By  employing  appropriate  methods,  e.  g.  on  treating  with  petroleum 
ether,  the  microscopic  fat  and  fatty  acids  can  be  removed,  and  the  soaps 
remain  behind,  the  last  named  being  detected  by  reason  of  their  differential 
staining  with  Sudan  III. 

3.  The  granules  in  certain  regions  which  give  the  soap-reaction  with 
Sudan  III.,  give  also  the  calcium-reaction  with  silver  nitrate. 

4.  As  the  process  of  calcification  advances,  many  of  the  masses  deposited 
in  the  part  no  longer  stain  writh  Sudan  III.,  but  only  react  for  calcium  salts. 

From  the  above  data  Klotz  makes  the  following  deduction  as  to  the 
sequence  of  events  : — 

(a)  The  occurrence  of  degeneration  in  the  affected  region,  with  deposit 
of  fatty  globules  ;  (b)  the  splitting  off  from  these  of  the  fatty  acids,  which 
then  combine  wTith  alkalies  to  form  potash  and  soda  soaps  (these  being 
probably  in  combination  writh  albumin  as  "soap-albumins");  (c)  the 
gradual  replacement  of  the  potash  and  soda  by  calcium,  and  the  formation 
of  insoluble  calcium  soap,  still  probably  in  combination  with  albumin 
(or  in  some  instances  it  is  possible  that  the  fats  may  be  attacked  directly 
by  the  calcium  salts) ;  and  (d)  the  gradual  absorption  and  disappearance 
of  the  fatty  moiety  of  the  calcium  soap-albumin,  owing  to  the  interaction 
of  this  with  substances  in  the  blood  and  lymph  containing  phosphoric 
and  carbonic  acids — highly  insoluble  calcium  phosphates  and  carbonates 
(still  perhaps  in  combination  with  the  albuminous  element  of  the  original 
compound)  being  formed,  and  the  soluble  sodium  and  potassium  soaps 
being  liberated. 

We  give  the  above  resume  of  the  views  of  Klotz  upon  this  important 
subject  in  some  detail,  as  his  work  has  attracted  considerable  attention. 
Until  these  views  have  been  confirmed  or  otherwise  by  further  research, 
however,  it  is  impossible  to  affirm  definitely  that  his  deductions  are 
accurate. 

More  recent  observations  of  Wells  1  have  thrown  doubt  on  the  occur- 
rence of  calcium  soaps  as  an  essential  intermediate  stage  in  the  process 
of  calcification,  except  possibly  in  certain  special  conditions  (e.g.  calci- 
fying lipomas,  and  fat-necrosis).  Wells  found,  on  chemical  examination 
of  areas  of  calcification,  only  doubtful  traces  of  calcium  soaps,  even  in 
the  earliest  stages  of  the  process/  He,  therefore,  "  questions  the  occur- 
rence of  calcium  soaps  as  an  essential  step  in  calcification."'  At  all 
stages  of  calcification,  the  ratio  of  calcium  phosphate  to  calcium  carbon- 
ate was  found  nearly  constant,  and  the  same  as  that  found  in  normal 
bone,  namely,  3Ca3(P04)2 :  CaC03.  The  hypothesis  that  the  deposition 
of  lime-salts  is  mainly  due  to  a  diminished  concentration  of  carbon 
dioxide  in  the  affected  areas.  Wells  regards  as  most  in  harmony  with 
the  results  of  chemical  investigation. 

1  Arch.  Int.  Med.,  1911  (7),  p.  721. 
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NECROSIS  AND   GANGRENE 

In  studying  these  subjects,  it  is  of  the  greatest  importance  to  remen 
the  part  played,  not  only  by  the  active  causal  agent,  but  also  by  the 
tissue  acted  upon.  Both  necrosis  and  gangrene  may  be  brought  about 
in  perfectly  healthy  tissues  by  some  powerful  physical,  chemical,  or 
toxic  agent ;  but  they  are  most  frequently  seen,  and  much  more  readily 
occur,  in  tissues  whose  resisting  power  is  lowered  from  any  cause.  Further, 
certain  tissues  are  more  resistant  than  others.  Causes  which  give  rise 
to  marked  destructive  changes  in  the  brain  or  in  highly  functioning 
secreting  cells,  would  have  little  or  no  effect  on  such  tissues  as  skin, 
connective  tissue,  or  bone.  In  order  that  a  tissue,  the  cells  of  which 
are  well  nourished  and  possessed  of  an  average  functional  capacity,  may 
die,  the  causal  agent  must  be  an  active  one,  and  one  of  no  inconsiderable 
strength ;  but,  on  the  other  hand,  a  very  slight  cause  may  bring  about 
extensive  destruction  in  a  tissue  imperfectly  nourished,  the  resisting 
power  of  which  is,  in  consequence,  much  diminished. 

NECROSIS 

Virchow  applied  the  term  necrobiosis  to  the  gradual  death  of 
individual  cells  or  groups  of  cells  in  the  living  body,  this  death  being  the 
result  of  retrograde  and  degenerative  processes ;  while  the  term  necrosis 
was  applied  to  conditions  in  which  the  death  was  more  rapid,  and  directly 
followed  some  definite  cause.  The  term  necrosis  is  now  commonly  used 
for  both  conditions,  and  we  may  define  it  as  the  death  and  degeneration 
of  single  cells  or  of  larger  or  smaller  groups  of  cells,  together  with 
corresponding  changes  in  the  intercellular  elements,  in  the  living  body. 
This  death  is  indicated  by  the  cessation  of  function,  or  by  some  structural 
or  chemical  alteration,  visible,  it  may  be,  to  the  naked  eye,  or  only  with 
the  aid  of  the  microscope. 

Causes  of  Necrosis  : — 

1.  Arrest  of  the  Circulation.— For  the  healthy  nutrition  and  for  the 
growth  and  development  of  any  tissue,  it  is  essential  that  its  blood-supply 
should  be  satisfactory;  and,  therefore,  any  factor  which  interferes  with 
the  normal  circulation  in  a  part  will  be  a  cause  of  degenerative  pi 
and.  if  that  factor  brings  about  an  absolute arresl  of  the  blood-supply, 
necrosis  may  follow.  This  will  certainly  be  the  result  if  the  arrest  of 
the  circulation  be  permanent;  but, even  with  temporary  arrest,  extensive 
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necrotic  changes  may  be  produced.  Litten  has  shown  that,  in  rabbits, 
ligature  of  the  renal  artery  for  from  one-and-a-half  to  two  hours,  is 
sufficient  to  produce  necrosis  of  the  greater  part  of  the  highly  functioning 
epithelium  of  the  secreting  tubules,  although  the  circulation  afterwards 
becomes  perfectly  re-established.  Highly  functioning  and  delicate  tissues 
suffer  more  rapidly  and  more  severely  from  alterations  in  the  arterial 
supply  than  do  the  more  resistant  supporting,  and  other,  tissues. 
Temporary  arrest  of  the  circulation  may  cause  extensive  necrotic  changes 


Fig.  22. — Necrosis  of  Muscie-fibres  of  Heart  (the  pale  area)  resulting  from 
thrombosis  in  a  branch  of  the  coronary  artery.      X  300. 

in  secreting  cells  or  in  the  brain-tissue,  whereas  it  would  have  little  or  no 
appreciable  effect  on  the  skin,  on  connective  tissue,  or  on  bone.  The 
degree  and  extent  of  the  necrotic  change  depend  upon  the  amount  of 
collateral  circulation,  and  on  the  rapidity  with  which  it  is  set  up.  In 
organs,  e.g.  the  lung,  where  there  is  an  extensive  anastomosing  blood- 
supply,  necrosis  from  obstruction  of  an  artery  is  rare ;  whereas  in  organs. 
e.g.  the  spleen,  where  the  anastomosis  is  feeble,  and  where  we  are  dealing 
with  the  end-arteries,  necrosis  invariably  follows. 

The  arrest  of  the  circulation  may  be  brought  about  in  various  ways, 
e.g.   by  thrombosis :    embolism :     pressure  from  without   by   ligature, 
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tumours.   aneurisms,   or    inflammatory   exo  by    m 

traction  of  the  teasels,  produced  by  chemical  .1  rvous 

influences. 

Thrombosis.  -The  effects  of  this  are  well  illustrated  in  I  lition 

of  senile  gangrene,  where,  with  1  feeble  circulation,  there  1 

degeneration  and  narrowing  of  the  arteries.     Bui   similar  results  1 

follow  thrombosifl  from  other  eau 

Embolism.  -Xee rot ie  areas,  following  the  in  of  emboli  in  the 

arteries,  are  seen  frequently  in  the  Bpleen  and  kidney  in  cases  of  cardiac 
disease,  especially  in  tho  in  which  there  are  lo  ily  detached 
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[  Tubulei  in  the  Kidney,  shewing  absence  of  nuclei  in  the 
majority  of  tho  cells  of  the  Becreting  tubules.        3oo. 

tations  on  the  valves,  or  where  ti  thrombi  in  any  of  the 

chambers  of  the  heart.    A  detailed  tion  of  this  process  will  be 

found  under  Infarction,  p.  1 

Spasmodic  Contraction  of  the  Arteries.     A       mmetrical  n< 
the  fingers  and  onally  follows  the  spasmodic  contraction  of 

the  arteries  in  chronic  ergot-poisoning  and  in  Raynau 

2.  Physical   and   Chemical   Agents.  may   undoubtedly    be 

caused  directly   by   prolonged  or  1  sally  if  the 

vitality  of  the  part   be  Lowered.     B  in  debilitated  people  or  in 

those  Buffering  from  nervous  acute  myelitis  or  hemipli 

are  the  most  familiar  exampL  loubt,  in  most  of  th< 

vitality  and  diminished  sensation   pi  ry  LmpO  i»ut   it   is 
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certainly  the  pressure  which  is  the  ultimate  cause  of  the  necrosis,  for  it 
is  over  the  parts  that  are  exposed  to  its  action,  e.  <j.  the  sacrum,  the 
iliac  crests,  the  trochanters,  the  internal  condyles  of  the  femur,  and  on 
the  heels,  that  bed-sores  develop;  and,  by  careful  attention  in  minimiging 
or  preventing  pressure,  the  sores  may  be  avoided.  Necrosis  of  healthy 
tissues  may  be  caused  by  severe  crushing  injuries,  but,  in  the  gi 
majority  of  cases  of  necrosis  following  pressure,  the  principal  factor  is 
interference  with  the  blood-supply  by  laceration  or  thrombosis  of  the 
vessels.  Much  of  the  necrosis  following  severe  crushing  injuries  is 
secondary  to  damage  of  the  arteries  of  the  part.  In  the  aecro 
following  tight  bandaging,  the  obstruction  of  the  arterial  supply  is 
the  principal,  if  not  the  only,  cause. 

Chemical  Agents.— Mineral  acids,  carbolic  acid,  and  other  can 
and  corrosives  act  directly  upon  the  tissue-cells,  causing  their  degeneration 
or  death.  This  is  seen,  for  example,  in  cases  of  poisoning  from  the 
drinking  of  these  substances,  and  it  also  occurred,  extensively,  during 
the  late  war,  as  a  result  of  inhalation  of,  or  contact  with,  "mustard-" 
and  other  kinds  of  poison-gas.  Other  chemicals  such  as  ergot  act  on  the 
arteries,  causing  contraction ;   and,  if  this  is  prolonged,  necrosis  results. 

Temperature. — Extreme  degrees  of  heat  and  cold  are  in  themselves 
directly  injurious  to  cell-life,  and  may  therefore  cause  necrosis;  but,  in 
the  great  majority  of  such  cases,  the  high  or  low  temperature  acts  by 
causing  contraction  of  the  arteries,  or  by  injuring  the  tissues  to  such  a 
degree  that  arterial  thrombosis  takes  place,  and  the  necrosis  is,  in  part 
at  any  rate,  a  secondary  result  of  the  vascular  alterations.  This  is  well 
illustrated  in  the  condition  of  trench  foot.      {See  also  pp.  195,  496.) 

The  length  of  time  of  exposure,  the  intensity  of  the  heat  or  cold, 
and  the  condition  of  vitality  of  the  tissues,  are  all  important  factors 
in  determining  the  degree  of  the  resulting  destructive  changes.  Bj 
direct  experiment,  Cohnheim  has  shewn  that,  if  the  ear  or  the  leg 
of  a  rabbit  be  plunged  for  a  comparatively  short  time  into  water  at 
a  temperature  of  51°  to  58°  C,  or  into  a  freezing  mixture  at  —16°  to 
-18°  C,  the  part  perishes  irrecoverably.  On  the  other  hand.  th< 
parts  may  be  kept  at  a  temperature  of  1_  C,  or  in  a  freezing  mixture  at 
-  1°  to  —2°  C.  for  several  minutes,  without  any  permanent  change  taking 
place.  There  may  be  Blight  hypersemia,  which  soon  passes  off;  but  if, 
on  the  other  hand,  they  be  kept  at  these  more  moderate  temperatui 

for  several   hours,   more  or  less   extensive    necrosis    will    follow.       A  ..aim 
moderate  degrees  of  heat   or  cold,  while  not   in  t  he  least  injuring  liealt  hv 

tissues,  may  cause  necrotic  changes  in  tissues  whose  vitality  is  Lowered. 
This  is  seen  in  the  bed  sores  which  sometimes  follow  the  application 
of  hot  bottles  to  the  limbs  of  patients  suffering  from  myelitis  oi  other 
diseases  where  the  nutrition  of  the  skin  and  other  tissues  is  lowered. 
Electricity  and  Radio-active  bodies.  These  probably  act  directly 
Upon  t  lie  tissue-elements.  Necrosis  of  the  skin  and  other  tissues  \B  Dot 
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infrequently  seen  after  undue  exposure  to  01  after  the 

prolonged  application  of  the  electrode  of  the  galvanic  current.    Exposure 
to  the  action  of  radio-active  substances,  such  as  radium,  may  prodi* 
similar  result. 

3.  Bacteria  and  Their  Products.    These  play  a  very  important   | 
in  the  production  of  necrotic  chi  Sometimes  the  poison  genei 

is  so  intense  that  the  cell  is  killed  outright,  but   in  other  cases  the 
degenerative  and  necrotic  process  is  more  gradual,  and  tl 
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J-  no.  24. — Liver  from  a  case  of  Typhoid  Fei  er,  thawing  an  area  of  focal  i 

x  300. 

Undergo  very  obvious  alterations  in  their  chemical  characters  and  in  their 
staining  reactions.     The   area   of  necrosis   may   be.  comparatively   1. 
or  the  effect  of  the  toxin  may  be  seen  throughout  the  tissues  and  orj 
of  the  body,  and  may  aired  especially  the  more  highly  functioning  cells. 
The  latter  condition  is  seen  in  the  necrosis  of  the  cells  of  the  e 
tubules  of  the  kidney  or  of  the  liver  in  many  infective  di  .\hile 

the  former  is  illustrated  in  the  wide-spread  aeorosis  of  the  epithelial  cells 

of  the  pharynx  brought   about    by  the  action  of  the  diphtheria   bacillus 

and   its  toxins.     In   man  multiple 

focal  necrosis    in  various  organs.    These  are  best  studied  in  the  liver. 
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but  they  may  be  found  in  the  kidney  and  the  spleen,  and  sometimes  in 
certain  of  the  supporting  tissues.  These  areas  may  be  visible  to  the 
naked  eye,  or  may  be  microscopic  in  size.  They  are  of  common  occurrence 
in  typhoid  fever,  but  are  also  found  in  diphtheria,  in  puerperal  septicemia, 
and  probably  in  most  bacterial  infections.  They  may  result  in  conse- 
quence of  the  direct  action  of  bacteria,  but  probably  are  most  commonly 
caused  by  certain  soluble  toxic  substances  produced  by  the  bacteria. 
In  many  cases  the  most  careful  examination  fails  to  demonstrate  the 
presence  of  any  bacteria  in  these  areas.  Welch  and  Flexner  have  shewn 
that  they  may  be  produced  by  the  injection  of  diphtheria-toxin.  On  the 
other  hand,  it  has  been  shewn  by  Malloiy  x  that  the  areas  in  the  liver 
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Fig.  25. — Liver,  shewing  a  pale  area  of  focal  necrosis.      X  160. 

in  typhoid  fever  may  be  due  to  a  thrombosis  of  capillaries,  caused  by  the 
formation  of  fibrin  round  intra- vascular  phagocytic  cells  derived  from 
the  endothelium  of  the  vessels. 

Intense  Inflammation. — In  some  cases  of  intense  in  {lamination,  a  part 
may  be  cut  off  from  its  nutrient  supply.  The  sloughing  of  large  portions 
of  the  mucous  membrane  of  the  intestine  in  dysentery,  oi  the  separation 
of  areas  of  the  mucous  membrane  in  typhoid  fever,  are  examples  of  this, 
and  the  same  condition  is  seen  in  the  necrosis  of  the  subjacent  bone 
where  the  nutrient  periosteum  is  separated  from  it  by  inflammatory 
exudate.  In  these  forms  of  necrosis,  there  are  probably  at  least  two  of 
the  causes  already  stated  working  together,  viz.  (1)  the  obstruction  of  the 
arteries  by  thrombosis,  and  (2)  the  direct  action  of  bacteria  and  their 
products  upon  the  tissues. 

1    Miill  >:-.  .)<>vr.  Exp.    Wi  /•    m'..   \W 
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4.  Vegetable  Toxins  and  Ferments.  \  similar  to  that  produced 
by  bacterial  toxins,  may  be  brought  about  by  certain  vegetable  poisons 
such  as  ricin  and  abrin. 

Fat-Necrosis,  which  is  Especially  seen  in  the  pancreas,  the  omentum, 
and  the  mesentery,  is  caused  by  the  direct  action  of  the  fat-splitting 
ferment  of  the  pancreas.  Langerhans  and  others  have  produced  the 
condition  experimentally  by  the  injection  of  pancreatic  extract  into  the 
peritoneal  cavity;  whilst  Flexner1  has  isolated  the  fat-splitting  ferment 
from  the  necrotic  areas,  and  has  produced  typical  fat -necrosis  by  the 
introduction  of  steapsin  into  adipose  tissue. 

5.  Nerve-Lesions. — Brief  reference  has  already  been  made  to  the 
production  of  bed-sores  by  pressure,  in  cases  where  there  is  diminished 
vitality  of  the  part  and  loss  of  sensation.  Though,  in  such  cases,  the 
ultimate  cause  of  the  necrosis  is  pressure,  yet  the  nerve-lesion  is  a  very 
important  causal  factor;  and  in  some  cases  of  acute  transverse  myelitis. 
the  necrosis  develops  so  rapidly  that  it  can  hardly  be  the  result  of  pressure 
alone,  and  we  must  look  for  the  direct  and  ultimate  cause  in  the  dis- 
turbance of  the  trophic  and  vasomotor  innervation.  This  condition  is 
known  as  acute  decubitus.  Section  or  disease  of  the  peripheral  nerves 
may  lead  to  necrosis.  The  perforating  ulcer  of  the  foot  in  locomotor 
ataxy  is  a  familiar  example,  as  is  also  the  ulceration  of  the  cornea  which 
follows  the  paralysis  of  the  fifth  cranial  nerve.  Anaesthetic  leprosy  leads 
to  extensive  necrosis  and  ulceration,  but  this  cannot  be  attributed  to 
the  nerve-lesion  alone.  The  anaesthesia  exposes  the  parts  to  all  forms 
of  external  injury  and  to  organismal  infection,  which  must  play  a 
considerable  part  in  the  production  of  the  necrotic  process. 

Changes  which  Occur  in  the  Necrosing  Tissue.— As  indicated  ab<  i 
different  tissues  suffer  from  these  necrotic  changes  in  varying  degi 
Highly  functioning   cells,   such   as  those  of  the    secreting    tubules   of 
the  kidney  or  those  of  the  liver,  undergo  the  necrotic  changes  much 
more  readily  than  do  the  less  highly  organised  fixed  connective-tie 
cells,  the  cells  lining  the  collecting  tubules  of  the  kidney  (see  fig.  5 
or  the  cells  lining  the  capillaries. 

In  necrosing  tissue,  the  most  characteristic  changes  are  those  occurring 
in  the  cell;  but,  as  these  have  already  been  fully  described  in  a  previous 
chapter,  only  brief  reference  will  be  made  to  them  here.  The  chromatin- 
Buhstance  of  the  nucleus  may  undergo  a  gradual  solution  (karyolysis  or 
chromatolysis),  and  eventually  it  completely  lose-  its  faction  to  nuclear 
stains.  In  other,  ami  perhaps  the  majority  of,  cases,  there  is  a  preliminary 
fragmentation  (karyorrhexis).  In  this  form  of  cell-degeneration,  the 
chromatin  breaks  up  into  a  number  of  irregular  granules,  which,  after 
the  destruction  of  the  cell-body,  may  become  scattered  in  the  necrotic 
focus,  eventually  undergoing  solution  and  disapp  toplasm 

of  the  cell  becomes  swollen  and  homogeneous,  and  Loses  its  norma] 

:  -1  Flexner,  Jour.  txp.  Med.,  &,  '•  *'•'•• 


NECROSIS  AND   GANGRENE  101 

reticulated  appearance.  This  is  apparently  due  to  an  absorption  of  fluid 
from  the  surrounding  lymph,  the  substances  absorbed  being  probably 
certain  of  the  coagulable  albumins.  In  some  cases,  the  cytoplasm 
becomes  swollen  and  vacuolated,  and  shews  a  more  reticulated  structure. 
One  of  the  commonest  changes  is  a  gradual  loss  of  the  sharp  contour 
of  the  cells,  and  a  blending  and  obliteration  of  the  cell-boundaries 
(figs.  24,  26  and  29).  The  fibrous  and  muscular  tissues,  though  not 
suffering  so  rapidly  as  the  more  highly  functioning  cells,  also  undergo 


Fig.  26. — Area  of  Necrosis  in  a  Round-celled  Sarcoma,  shewing  the  fragmentation  and 
disappearance  of  the  nuclear-chromatin,  the  loss  of  the  cell-outlines,  etc.      X  200. 


the  necrotic  change.  They  become  swollen  and  homogeneous  in 
character,  and  present  the  appearance  of  tissues  undergoing  hyaline 
degeneration  (figs.  27  and  28),  although  they  may  not  give  its 
characteristic  reactions.  The  muscle-fibres  soon  lose  their  striation  and 
may  become  fragmented.  Depending  to  a  considerable  extent  upon 
the  site  at  which  these  changes  take  place,  the  cause  of  them,  and 
the  condition  of  the  tissues  at  the  time,  different  appearances  are 
presented.     These  have  been  divided  into  three  main  groups  : — 

(1)  Coagulation-Necrosis. 

(2)  Colliquative  Necrosis. 

(3)  Caseation. 

Coagulation-Necrosis. — Zenker's  degeneration  of  muscle-fibres  is  a  form 

of  coagulation-necrosis,  but  the   condition  is  more  typically  illustrated 
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in  the  degeneration  which  takes  place  in  infarcts  in  the  kidney 
and  spleen.  The  same  change  is  produced  by  various  toxins,  and  is 
illustrated  in  the  necrosis  of  the  epithelial  cells  of  the  pharynx  in 
diphtheria  and  in  the  muscles  in  cases  of  gas-.  The  affected  part 

is  usually  dry  and  more  <>r  less  homogeneous  or  granular.  It  i-  opaque 
in  appearance  and  of  a  pale-greyish  colour.  These  characters  are  well 
Bhewn  in  the  small  areas  of  necrosis  Been  in  the  fatty  tissue  of  the 
mesentery,  following  some  cases  of  acute  pancreatitis. 

The  chemical  processes  by  which  this  form  of  necrosis  is  brought  about 
are  still  far  from  being  satisfactorily  explained,  but.  in  many  i 
stated  by  Alex.  Schmidt  and  by  Weigert,  a  true  coagulation  takes  place. 
There  appears  to  be  formed,  during  tin4  necrotic  process,  and  probably 


Fig.  27. — Zenker's  degeneration  o!  Muscle,  shewing  the  homogeneous  character 
of  the  necrosing  muscle -fibres  (dark).      X  50. 

from  the  degenerating  cells,  a  nucleo-protein  substance  of  the  nature  of 
a  fibrin-ferment.  This  unites  with  fibrinogen  normally  present  in  the 
surrounding  lymph,  and  gives  rise  to  the  formation  of  fibrin,  or,  at  any 
rate,  to  a  coagulable  albuminous  Bubstance,  which,  in  many  cases,  gn 
p  iMtive  reaction  to  Weigert  *s  fibrin  &tain.  Cohnheim  Btatee  thai 
with  coagulation  occurs  only  -  (1 )  when  the  dead  pad  contain-  an  abund- 
ance of  coagulable  material,  and  (2)  where  it  is  everywhere  intimately 
bathed  with  Lymph. 

Colliquative  Necrosis. --In   this   form,  the  necrotic   tissue  am 
softening  and  liquefaction,  a    proa  curring  primarily  in 

tissues  that  are  deficient  in  the  coagulable  albumins  which..  emed 

in  fibrin-formation.  The  brain  and  Bpinal  cord  are  specially  liable  to 
this  form  of  necrosis,  infarcts  in  these  tissues  regularly  undergoing 
softening,  and  the  dead  tissue  becoming  converted  into  a  soft  semi-fluid 
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mass.  The  colour  of  this  softened  area,  at  first  pale,  may  become 
red  or  brown  or  yellow,  from  the  admixture  with  it  of  pigment  from 
the  blood .  Such  secondary  ■  softening  may  also  occur  in  areas  of 
coagulation-necrosis.  Polymorphonuclear  and  other  leucocytes  may 
secondarily  invade  the  softened  area,  especially  if  it  become  infected  by 
micro-organisms,  and  thus  pus  may  be  formed ;  but  the  primary  con- 
dition is  degenerative  and  non-inflammatory,  and  must  be  carefully 
differentiated  from  suppuration. 


Fig.  28. — Zenker's  Degeneration  of  Muscle  (Rectus  Abdominis)  in  Typhoid  Fever,  shewing 
the  fragmentation,  loss  of  striation  and,  in  places,  disappearance  of  the  muscle-fibres 
(dark).      X  200. 

Caseation. — Both  coagulation-necrosis  and  colliquative  necrosis  are 
really  secondary  changes  in  the  degenerated  tissue,  and  are  therefore, 
strictly  speaking,  post-necrotic.  Caseation  is,  however,  still  more 
definitely  a  post-necrotic  change.  The  affected  tissue  becomes  more  or 
less  firm,  dry,  and  of  a  greyish-white  or  pale-yellowish  appearance, 
resembling  various  forms  of  cheese.  The  original  structure  of  the  tissue 
is  entirely  lost,  cell-outlines  cannot  be  detected,  mulei  have  lost  their 
capacity  for  taking  up  basic,  stains,  and  all  the  affected  tissues  are 
converted  into  a  granular  amorphous  mass. 

Caseation  occurs  especially  in  tuberculous  areas,  and  is  the  classical 
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form  of  degeneration   caused   by  It.  tuberculosis  and   its   products.     It 
also  occurs  in  syphilis,  and   is  common  towards  the  central  pari 
rapidly  growing  tumours.      It   may  also  follow  coagulation-necrosis. 

Sequelae  of  the  Necrotic  Process. — Tf  the  necrosed  area  is  on  a  skin- 
or  mucous-surface,  it  becomes  separated  from  the  living  tissues,  is  ca-- 
as  a  slough,  and  leaves  an  irregular  ulcerated  area.  This  is  well  seen  in 
ulceration  of  the  leg  accompanying  varicose  veins,  and  also  in  typhoid 
and  tuberculous  ulceration  of  the  intestine.  The  Bloughing  is  in  many 
cases  aided  by  septic  organisms  which  have  secondarily  gained  access 
to  the  necrosed  part.     Tf  the  area  is  in  the  interior  of  a  solid  organ  or  in 
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Fig,  29.  in  a  Sarcoma,  shewing  loss  of  nuclear  Btaining  power,  indefinite 

outlino  of  colls,  and   a   rounded  area   (dark)  of  calcification.      X   200. 

a  position  where  separation  cannot  take  place,  there  follows  an  attempt 
at  absorption,  more  or  less  .successful  according  to  the  nature  and  size 
of  the  area  of  necrosis  to  be  removed.    The  dead  part  acts  as  a  fori 
body.     Leucocytes,   both   polymorphonuclear  and   mononuclear,   mi. 
f r* Mil  the   adjacent   vessels  and   invade  the  dead   tissue.      .Many   of  I 
die.   and   their  remains,   afl   well   as   many  still   active  Leucocytes,   form   a 
zone    round    the    area    of    necrosis.      Later,    these    dead    leuCOCyti 

»me  absorbed.     New  vessels,  formed  by  budding  from  the  adja 
els,  mow  into  the  necrosed  area.    Thea  ccompanied  l>v  oon- 

oective-tissue  and  other  cells,  which  arise  by  proliferation  of  the  endo- 
thelial and  fixed  connective-tissue  cella  of  the  part.  The  dead  area,  if 
it  h.'  small,  may  he  completely  absorbed  and  replaced  by  fibrous  tissue, 
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or  there  may  be  actual  regeneration  even  of  highly  functioning  and 
specialised  cells.  This  regeneration  seems  to  take  place  by  the  multiplica- 
tion of  the  surrounding  cells.  If  the  dead  area  is  larger,  the  absorption 
is  generally  incomplete,  a  central  whitish  or  yellowish,  caseous-looking 
area,  surrounded  by  a  zone  of  well-formed  fibrous  tissue,  persisting — a 
condition  well  illustrated  in  some  infarcts  in  the  spleen  and  kidney.  In 
these  caseous-looking  areas,  lime-salts  may  be  deposited,  or  in  them 
fatty  acids,  cholesterol,  blood-pigments,  triple 
phosphates,  etc.,  may  be  found.  If  the  necrosed 
area  becomes  secondarily  infected  by  septic  organ- 
isms, or  if  pyogenetic  bacteria  are  introduced  by 
the  causal  agent,  e.g.  by  an  embolism  following 
the  detachment  of  a  portion  of  a  vegetation  in 
ulcerative  endocarditis,  purulent  softening  and 
abscess-formation  may  follow.  In  some  cases 
where  absorption  fails,  the  dead  part  may  be 
completely  cut  off  from  the  living  tissue,  and,  if 
the  necrosed  tissue  is  specially  resistant,  it  may 
remain  for  a  very  considerable  time  practically 
unaltered  in  its  structure,  though  around  it  a 
marked  proliferation  of  the  adjacent  structures 
may  be  observed.  The  most  typical  example  of 
this  condition  is  seen  in  necrosis  of  bone,  where 
the  separated  and  dead  part  or  sequestrum  still 
retains  to  a  large  extent  its  normal  microscopic 
structure,  and  is  surrounded  by  a  bony  capsule 
— the  case — which  is  a  product  of  a  formative 
periostitis. 


FlO.  oil.  — Necrosis  of 
bone,  shewing  86  plec- 
trum (pale)  in  centre, 

surrounded     by     the 
"new  case." 


GANGRENE 

Gangrene  may  be  defined  as  that  condition  of 
any  of  the  tissues  of  the  body  in  which  there  is 
necrosis  combined  with  putrefactive  changes.  In 
many  cases,  the  tissues  undergo  a  primary  necrotic 
change,  and  the  bacteria  which  cause  the  putre- 
faction are  introduced,  generally  from  without,  into 
the  dead  or  dying  tissue.  On  the  other  hand,  there 
are  cases  in  which  the  infective  agent  is  the  cause  both  of  the  necrosis  and 
of  the  decomposition.  In  these  latter  instances — the  forms  of  primary 
gangrene —we  have  to  deal  either  with  specific  gangrene-producing 
bacteria,  or  with  ordinary  bacteria  acting  on  devitalised  tissues.  Most 
writers  have  described  two  forms  of  gangrene — the  moist  and  the  dry  ; 
and,  though  this  is  convenient,  and  practically  essential  from  tin4  clinical 
Standpoint,  the  distinction  has.  we  think,  led  to  erroneous  statements 
being  made.     Dry  gangrene  is  regarded   by   many  as  a  form  in   which 
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ami  which  -1  main]  *    wholly 

arterial  obstruction,  while  the  moist  form  i>  held  to  be  due  to  th< 
of  infective  The  dif  the  two  foi  dity 

■  ami  of  situation  rather  than  of  kind.     1  arc  found  in 

balk  forms.    If  the  tiasuefl  are  devoid  of  moiati]  re  in  a 

where  evaporation  can  readily  take  place,  or,  u  cases,  if  the  d< 

don  and  death  be  slowly  produced,  the  form  of  dry  gangrene 

likely  to  occur.    Bacteria  are  present,  hut  are.  in  the 

in  an  unsuitable  environment,  and  do  not  rapidly  multiply.     I 

example  of  this  form  of  gangrene  is  the  senile  gangrene  ol  the  foot,  in 

which  the  tissues  become  hard  and  dry.  shrivelled,  and  mummified. 

haemoglobin  in  the  dead  part  is  diffused  through  it.  u 

•ion.  and  stains  it  a  dark-brownish  or  black  colour.     If.  on  the  i  I 

hand,  the  ti  utain  abundance  of  moisture,  or  are  in  a  situation 

in  which  evaporation  cannot  readily  take  place,  or  if  the  area  be  large  and 

rapidly  produced,  the  moist  form  is  found  ;  and.  as  a  natural 

result  of  the  condition  of  the  tissues,  bacteria  which  were  originally 

;it.  or  which  have  been  subsequently  introduced,  grow  rapidly 
produce  secondary  changes.    If  gas-producing  organisms  are  pref 

imposition  leads  to  the  production  i  i  ol  various  kinds,  which 

often  have  a  very  foul  odour.    T  ting  on  the  haemoglobin  or  other 

pigments    in    the  pan.  produce  green  or  greenish-black  discoloration. 

onous  products  of  various  kinds  are  also  formed,  and  very  _ 

miction,  with  softening  and  complete  disintegration  of  the 
results.    The  toxic  products  are  absorbed  into  the  general  circulation, 
and  ma;  very  marked  degenerative  changes  in  various 

of  the  body,  or  may  cause  the  death  of  the  individual.     If* 
usually  -   naturally   exposed   to   infection   by 

saprophytic  micro-orgaiiismf  the  cutaneous  surface  generally,  the 

i,  the  intestine,  the  mouth,  and  the  external  genitals. 

Primary  Gangrene.     In  this  form  i  rrene,  the  infect 

i-   the   primary  cause   both  of  the   destructive   and   of   the    putrefactive 

chai  ertain   bacteria,    e.  5.    l>  jenes 

•id  probabl.  fcher  all:'  luce 

direct   death  of  the  |  with  abundant  -  nidation  an 

rive  gas-production.    The  condition  ma  I  very  rapidly, and) 

a  may  become  ,  short  time  into  a  dark  _ 

emphysemai  bich  is  infiltrated  with  blond-stained  fluid. 

If  the  nutrition  of  the  t  1.  this  form 

liab!  ii.     Cancrum  oris,  gangrenous  vulvitis,  md  hospital-gangrene 

moat    probably   due 

wrv  much  devitalised  ta  The  first  two  of  (  dly- 

ading  forms  of  g  which  usually  in  ill-fed.  unhealthy 

children  who  are  hving  under  bad  hygienic  oondit  I  in  chil 

who  at  from  son.,  whilst  the  third 
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is  a  similar  condition  which  sometimes  attacks  recenl  or  granulating 
wounds.  The  tissues  at  the  seat  of  infection  become  swollen  and  very 
much  inflamed,  and  in  the  centre  an  ash-grey  slough  appears.  Tin- 
separates  from  the  surrounding  inflamed  tissue,  and  leaves  an  irregular, 
excavated,  and  foul  ulcer.  The  sloughing  spreads  very  rapidly;  and,  if 
the  patient  lives  long  enough,  large  areas  of  tissue  arc  completely  destroyed, 
the  adjacent  parts  becoming  involved  t  ater  or  less  extent. 

In  Secondary  Gangrene,  there  are  putrefactive  changes  secondary  to 
or  consequent  upon  necrosis.  In  many  cases,  a  primary  obstruction  of 
the  arterial  supply  causes  the  necrotic  change;  and  the  bacteria  which 
are  present  or  which  may  be  introduced  from  without,  bring  about  the 
gangrenous  condition.  A  good  illustration  of  secondary  gangrene  may 
be  found  in  strangulation  of  the  intestine,  where  the  arterial  supply  is 
obstructed.  If  the  tissues  be  examined  in  the  early  stage,  all  the  changes 
which  have  already  been  described  under  necrosis  are  found.  Bacteria 
multiply  very  rapidly  in  the  dead  portion,  and  these  or  their  products 
cause  alterations  in  the  blood- pigment,  and  consequent  dark  staining  of 
the  part.  In  the  late  stages,  sloughing  and  gas-production  (especially  if 
the  tissues  are  infiltrated  with  fluid)  or  the  dry  form  of  gangrene  may 
occur.  In  the  majority  of  cases,  there  is  no  difficulty  in  differentiating 
between  the  primary  and  the  secondary  forms  of  gangrene,  but  not 
infrequently  it  is  almost  impossible  to  make  the  distinction. 

A  form  of  secondary  gangrene- — gas-gangrene — was,  during  the  late 
war,  a  serious  complication  of  infected  war-wounds,  particularly  of 
(1)  deeply-penetrating  wounds,  with  a  small  point  of  entrance  and  wide- 
spread destruction  of  muscles,  etc.,  in  the  course  of  the  bullet  or  other 
missile;  and  (2)  wounds  in  which,  besides  the  destruction  in  the  line  of 
the  missile,  there  was  also  a  considerable  zone  of  destroyed  tissue  outsi  le 
the  actual  track.  The  infecting  agent  was  usually  one  of  the  anaerobic 
bacteria,  and  the  principal  species  of  these  were  B.  welckii  {II. 
cajmdatus,  B.  perfringens),  VHbrion  septique  (/>.  a  I  y»»),  and 

B.  cedematiens.  Other  anaerobes  were  found,  but  the  part  they  pi 
in  infection  is  not  established  clearly.  There  seems  no  doubt  that  fatigue, 
and  particularly  an  impoverished  blood-supply  of  the  part,  however 
brought  about,  were  potent  factors  in  favouring  the  development  of  the 
anaerobic  infection.  The  spread  of  the  gangrenous  condition  takes  place 
very  rapidly  in  the  muscles.  Sometimes  a  single  muscle,  or  a  group 
of  muscles,  la  attacked;   and.  in  other  i  he  whole  of  the  muscles 

of  a  segment  of  a  limb,  or  even  the  whole  limb,  may  be  involved, 
semination  may  take  place  by  direct  extension  in  the  loose  areolar  and 
connective  tissue,  or  by  way  <>f  the  lymphatics  or  blood-vessels.  The 
characteristic  lesion  is  necrosis  of  the  muscles,  brought  about  by  the 
toxins  elaborated  by  the  organisms.  The  bacteria  are  usually  present 
in  enormous  numbers,  and  not  only  do  their  toxii  a  act  on  the  muscles, 

but    also   on   the    nerves,   the   epidermis,   and.   later,   on    the    blood-Vi 
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and  the  connective   tissues.      Inflammatory   reaction   i  I    in  the 

necrosing  muscles-fibres;  but  there  may  be  a  pronounced  leucocyte- 
infiltration  of  the  subcutaneous  and  connective  tissues.  Thrombosis  of 
veins  and  capillaries  is  a  frequent,  but  not  an  invariable,  phenomenon. 

No  special  changes  are  seen  in  the  blood-vessels,  except,  in  the  later 

es,  when  their  walls  share  in  the  necrotic  changes  which  are  taking 
place  on  the  surrounding  tissues.     (Edema  and  Gas-formation  are  mai 
features  of  the  condition.    The  cells  of  the  interna]  oi  specially 

of  the  liver  and  kidney,  shew  marked  cloudy  swelling  or  necrotic  changes. 

In  certain  acute  infective  fevers,  e.g.  typhoid,  gangrene  is  occasion- 
ally a  sequel  of  a  disease  in  which  the  tissues  have  become  de  vital' 
ami  in  which  the  circulation  may  be  very  feeble.  The  typhoid  bacillus 
may  settle  down  in  bone,  periosteum,  or  elsewhere,  and  necrosis  with 
gangrene  may  be  the  result ;  but,  in  these  cases,  it  must  always  be  reme in- 
hered that  a  very  slight  injury  may  have  caused  certain  destructive 
changes  which  preceded  the  invasion  of  the  bacteria,  or  that  there  may 
have  been  thrombosis  in  some  of  the  smaller  vessels,  with  consequent 
death  of  very  small  areas  of  tissue. 

Gangrene  of  the  lung  sometimes  follows  pneumonia.  It  may,  however, 
appear  independently  and  without  previous  consolidation,  in  which  case 
we  believe  the  gangrene  to  be  always  directly  due  to  the  invasion  of 
dead  or  dying  tissue  by  putrefactive  or  other  organisms.  In  the  brain, 
gangrene  is  always  the  result  of  the  introduction  of  infective  organ ie 
generally  from  the  nose  or  ear :  or  in  compound  fracture  of  the  skull :  or 
following  operative  interference,  especially  if  hernia  cerebri  supervenes; 
and  it  may  be  quite  impossible,  in  a  given  case,  to  say  whether  it  is  to  be 
classified  as  primary  or  secondary. 

The  gangrene  which  sometimes  occurs  at  the  free  ends  of  the  nose, 
fingers,  or  toes  must  be  regarded  as  almost  always  secondary.  The 
tissues  of  the  part  have  undergone  degeneration  owing  to  the  impair- 
ment of  the  blood-supply,  or  because  some  of  the  vessels  have  become 
thrombosed,  oi  because  there  has  been  injury  to  and  consequent  destruc- 
tion of,  a  tissue  which  is  already  very  feebly  nourished.  This  degenerated 
tissue  becomes  secondarily  invaded  by  bacteria,  and.  dependent  on  the 
conditions  present,  eithef  the  dry  or  the  moist  form  of  gangrene  may 
result. 

Causes  of  Gangrene.     All  those  agents  which  bring  about 
may  also  be  the  cause  o  if  organisms,  especially  those  which 

produce  putrefaction,  gain  entrance  to  the  dead  pan.     Bacteria  may  of 
themselves,  however,  be  the  cause  of  both  the  n< 
A^  in  necrosis,  tissues  whose  vitality  is  lowered  from  any  cause  i 
liable  to  become  gangrenouB.    The  gangrene  occurring  in  old  people 
is,  in  many  cases,  the  result  of  thrombosis  in  vessels  which  have  become 
much  degenerated  a  ra]  senile  ohi  but  thei 

•nt.  in  addition    a  lowered  ]■  of  the  tissue,  brought  about   by 
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imperfect  nutrition,  partly,  at  any  rate,  in  consequence  of  the  arterial 
degeneration.     Severe  crushing  injuries,  especially  if  vessels  are  destrt 
are  a  common  cause  of  gangrene;   and  a  similar  result  may  follow  the 
surgical  ligature  of  large  vessels,  for  example  of  the  popliteal  or  femoral 
artery  in  cases  of  aneurism. 

The  gangrene  which  occurs  in  patients  with  diabetes  mellitus  may, 
in  part,  be  due  to  some  special  factor  of  which  we  are  at  present  ignorant, 
but  there  seems  no  reason  to  doubt  that  the  abnormal  metabolism  which 
brings  about  such  wasting  of  the  tissues  must,  of  itself,  so  weaken  the 
tissue-cells  in  general  as  to  render  them  very  susceptible  to  destruction 
by  slight  mechanical,  chemical  or  other  form  of  injury,  and  thus  allow  the 
occurrence  of  the  necrotic  and  gangrenous  processes. 

Results  of  Gangrene. — Changes  in  the  gangrenous  part  and  in  the 
surrounding  tissues  are  of  great  importance.  The  gangrenous  area  may 
spread  and  gradually  involve  a  progressively  larger  extent  of  tissue ; 
or  an  inflammatory  reaction  on  the  part  of  the  healthy  tissue  may  be  set 
up  at  its  junction  with  the  dead  tissue,  and  thus  there  may  be  established 
a  protective  barrier  of  developing  or  newly -formed  connective  tissue — the 
so-called  line  of  demarcation. 

The  spreading  or  diffuse  form  of  gangrene  is  very  commonly,  if  not 
always,  of  the  moist  variety,  and  develops  very  rapidly.  Gangrenous, 
gas-containing  bullae  are  developed  at  various  places,  and  a  foul,  pene- 
trating odour  is  evolved.  The  diffuse  spread  of  gangrene  is  also, 
however,  not  uncommonly  seen  in  the  dry,  senile  form.  This  must  be 
attributed  to  the  imperfect  nutrition  and  consequent  defective  meta- 
bolism of  the  parts  of  the  body  affected.  In  fact,  it  may  be  taken  as 
a  general  rule,  th&t  all  necroses  which  are  brought  about  in  an  otherwise 
healthy  individual  by  causes  other  than  by  infective  organisms,  have  a 
tendency  to  become  circumscribed.  The  inflammatory  zone  may  com- 
pletely shut  off  the  dead  area,  which  may,  if  small,  be  finally  absorbed 
or  become  enclosed  in  a  well-formed  fibrous  envelope.  Even  in  spreading 
forms  of  gangrene,  this  inflammatory  zone  develops,  but  it  does  so  more 
or  less  imperfectly,  and  fails  to  act  as  a  barrier  to  the  rapidly-spreading 
destructive  processes. 


CHAPTER    IV 
ATROPHY 

The  expression  "atrophy"  is  a  Bomewhat  indefinite  one,  and  is  applied, 
usionally  rather  loosely,  to  conditions  where  there  is  wasting  oi  the 
ins  and  tissues,  generally  preceded  or  accompanied  by  certain  n 
made  pn  11  them,  and  usually  characterised  by  diminution  in  their 

size,  or  even  by  their  complete  disappearance.     It   Bhould   b 

however,  that  the  special  functioning  tissue  of  an  organ  may  unc 
very  extensive  atrophy  without  a  corresponding  diminution  in  the  actual 

bulk  of  the  whole  organ  itself.     This  may.  on  account  of  other  eh,. 
occurring  in  it,  in  some  cases  remain  practically  normal,  or  may  • 

me  increased  in  total  bulk,  e.g.  in  "waxy"  or  amyloid  di 
tht*   liver  or  Bpleen,  where  the  swelling  of  the  waxy  oonnective-tjssue 
elements    leads   to    pressure-at  r< »phy  of   the  intervening  parenchymal 
0  'lis. 

The  term  atrophy  must  not,  of  course,  be  applied  to  conditio] 
arrested  development  (hypoplasia),  or  to  complete  congenita]  absence 
(aplasia)  of  an  organ,  e.g.  of  the  thyroid  gland  in  cretinism,  or  of  one 
kidney.  Nor  should  it.  as  is  sometimes  done,  be  made  to  include  the 
active  destruction  of  an  organ  by  bacterial  or  other  organisms  or  their 
toxins,  e.g.  such  a  case  a-  the  condition  somewhat  erroneously  termed 
Acute    Yellow   "Atrophy"   of  the   liver,   in   which  the   hepatic  cell- 

destroyed  by  the  action  of  some  as  yet  unknown,  but  highly  virulent, 
toxic  agent. 

Atrophy  maw  in  some  instances,  be  wide-spread  throughout  all 

nearly  all  the  tissues  oi  the  body;   but.  in  othei  n  or 

tissue,  or  a  special  group  of  these,  may  be  affected.    In  the  latter* 

t  he  condition  is  known  as  local  atrophy,  w  hil>t  to  the  former  class  of  i 
the  term  general  atrophy  is  usually  applied,  though  it  should  be  noted 
that  in  >uch  cases  the  various  organs  and  ti-  .v.  and  generally  do. 

undergo  wasting  in   very   varying  i  Thus  the  central  nervous 

em,  the  heart,  and  the  kidneys  are  most  resistant,  and.  a-  a  rule. 
Buffer  least,  though  the  two  latter  organs  may,  in  some< 
very  extensive  atrophy;  whilst,  on  the  other  hand,  adipose  and  muscular 
tissue,  the  lymphatic  glands,  Bpleen,  etc..  are  often  affected  n  rely 

and  at  an  earlier  period.    The  bones  are  usually  regarded  'ant 

structures ;  but.  though  their  hard  surface-shell  oi  ay  often 

shew  little  change  in  Bhape  and  Buse,  yel  the  contained  bone-marrow  and 

no 


ATROPHY  111 

cancellous  tissue  sometimes  exhibit  a  very  extreme  degree  of  atrophy, 
and  there  may  even  be  considerable  wasting  of  the  compact  bone  itself. 

Although  the  causes  and  results  of  general  and  of  local  atrophy  are 
in  the  main  similar,  it  is  convenient  to  discuss  them  to  a  certain  extent 
independently. 

General  Atrophy. — During  the  period  of  development  and  growth  of 
the  body,  the  anabolic  or  constructive  pro<  tre  in  marked  e 

over  the  katabolic  or  destructive  ones.  In  the  metabolism  of  adult  life, 
there  should  be  a  more  or  less  approximate  balance  of  these  tw 
processes,  whereby  the  nutrition  of  the  tissues  is  as  far  as  possible  main- 
tained in  statu  quo.  In  old  age,  there  is  a  natural  and  progressive  diminu- 
tion in  the  activity  and  vitality  of  the  tissues,  and  a  gradual  falling-off 
in  their  capacity  for  building  up  and  maintaining  themselves — the  balance 
between  the  anabolic  and  katabolic  processes  gradually  failing,  not  so 
much  from  an  increase  of  the  latter,  as  from  the  slow  and  progressive 
decrease  in  activity  of  the  former  set,  whereby  the  reparative  capacity  of 
the  tissues  to  make  good  the  waste  due  to  metabolism  is  dinnnished  or 
lost.  As  a  result,  the  condition  of  senile  atrophy  or  wasting  supervenes. 
It  is  probable  that,  coincident  with  these  changes,  there  is  also,  in  old  age, 
some  diminution  in  the  activity  of  the  cells  whose  special  function  it  is 
to  regulate  the  development,  and  check  or  remove  any  over-growth  of  the 
less  highly  endowed  supporting  tissues,  and  these  may  thus  become 
abnormally  increased  in  their  relative  proportions. 

In  some  instances,  what  is  known  as  premature  senility,  characteri>ed 
by  the  abnormally  early  appearance  of  these  atrophic  and  other  senile 
changes,  may  supervene.  In  certain  individuals  this  may  be  due  to 
definite,  ascertainable  causes,  such  as  intemperance,  prolonged  physical 
or  mental  strain,  present  or  previous  disease,  etc. ;  but,  again,  its  cause 
may  be  obscure;  and,  indeed,  in  some  individuals  and  families  there 
appears  to  be  a  hereditary  predisposition  towards  its  occurrence. 

Certain  factors,  some  of  which  have  already  been  dealt  with  in  the 
Chapters  on  the  Physiology  and  Pathology  of  the  Cell,  are  needful  for 
the  maintenance  of  tissue-nutrition  and  for  preserving  the  balance  of  the 
metabolic  processes.  Thus  the  functional  activities  of  the  various  organs 
and  tissues  must  be  normal,  and  neither  deficient  nor  excessive  in  <i 
or  nature.  Nutriment  must  be  sufficient  in  amount  and  quality,  and 
there  musl  he  no  interference  with  its  ingestion,  digestion,  and  absorp- 
tion. The  alimentary  canal  and  the  digestive  organs  and  secretions 
must  he  normal.  Lymphatics,  blood-vessels,  and  the  blood  itself  must 
be  healthy;  and  the  innervation  and  trophic  power  of  the  tissues  them- 
selves must  !)«>  sumcienl  to  allow  of  their  taking  up  and  assimilating 
suitable  nutriment  when  brought  to  them,  discarding  what  they  do  not 
require,  and    excreting  waste-products,    subjects  which   have  already 

been  discussed  when  dealing  with  cellular  metabolism  and  degeneration. 

An  extreme  degree  of  emaciation  or  general  wasting  may  follow  starvation 
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and  may  be  due  to  actual  deprival  of  food  or  of  ia]  food- 

elements;  it  may  occur  from  inability  to  swallow,  e.g.  in  stricture  of  the 
oesophagus,  or  obstruction  at  the  cardiac  orifice  oi  the  stomach;   or  it 

may  be  produced  by  inability  to  digest  and  assimilate  the  food  which  has 
been  ingested,  e.g.  in  oa&  istric  ulcer  or  carcinoma.    Stricture  of  the 

pylorus,  tuberculous  disease  of  the  intestines,   lac  iteric 

glands,  preventing  the  occurrence  of  intestinal  absorption,  etc..  may  also 

bring  about  very  much  the  same  results.     In  of  death  due 

starvation  from  absence  of  food,  in  addition  to  the  genera]  emaciation 
from  lack  of  nourishment,  there  may  also  be  the  occurrence  of  a  profound 
degree  of  wasting  in  the  walls  of  the  stomach  and  intestines,  < > \\  i 1 1 *_r  to  the 
cessation  of  their  normal  functional  activities. 

Intestinal  parasites  may  lead  to  the  general  emaciation  of  their  ho 
not  only  from  the  digestive  disturbances  and   irritation  due  to  their 
presence  and  absorptive  activities,  but  also,  in  some  cases  at  all  ev< 
owing  to  the  production  by  them  of  certain  toxic  products  of    their 
metabolism. 

In  cholera  and  in  severe  cases  of  prolonged  diarrhoea,  an  extreme  degree 
of  general  wasting  occurs,. and  is  due  to  a  combination  of  the  gastro- 
intestinal disturbance,  toxic  absorption,  and  the  draining  away  of  the 
body-fluids. 

In  cases  of  chronic  suppuration,  albuminuria,  glycosuria,  etc..  the 
Long-continued  loss  of  albumin,  sugar,  etc.,  may  aid  in  producing  degenera- 
tion, emaciation,  and  atrophy. 

Nerve-control  must  be  normal  and  its  pathways  intact,  the  central 
nervous  system  not  only  exerting  a  direct  "  trophic  "  influence  upon  the 
other  body-tissues,  but  also  affecting  their  nutrition  indirectly  by  regulat- 
ing the  amount  of  blood  reaching  them  through  the  blood-vessels — the 
muscular  coats  of  which  are  under  the  control  of  the  vasomotor  nei 
and  nerve-centres — and  also  by  regulating  the  actual  functions  of  the 
tissues  themselves.     To  take  an  example,  paralysed  mui  .  muscle 

cut  off  from  its  nerve-supply,  wastes,  not  only  from  loss  of  function,  and 
consequent  diminution  in  its  blood-supply,  but  also  from  loss  of  neuro- 
trophic influence. 

The  special  secretions  of  certain  glandular  organs,  e.g.  the  thyroid 

and  the  pituitary  body,  and  also  the  subsidiary  Or  "  internal  M  secret: 

of  the  testes,  ovaries,  pancreas,  etc.,  have  a  very  important  inrlu- 
upon  the  genera]  nutrition  of  the  body  I  as  is  well  seen  in  a 

where  the  thyroid  secretion  is  absent,  diminished,  or  perverted. 

Age  and  sex  are  important  factors  in  the  problem  of  general  nutrition. 
the  atrophy  of  the  sexual  glands  at  the  menopause  in  the  female,  and 
olimacteric  in  the  male  often  leading  to  marked  oha  ometimes  in 

the  direction  of  an  inci  tn.*t  imes  of  a  diminution,  of  the  body-weight. 

The  presence  or  absence  of  disease,  either  local  or  general,  must 
be  home  in  mind  in  dealing  with  the  subject   of  atrophy.    Certain 
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bacterial  and  other  toxins  and  poisons  are  a  frequent  cause  of  emaciation  ; 
and  an  extreme  degree  of  bodily  wasting  may  be  found  in  cases  of  severe 
or  long-continued  fevers,  tuberculosis,  syphilis,  diabetes,  and  in  many 
other  similar  diseases.  In  patients  suffering  from,  say,  one  of  the  acute 
infective  fevers,  emaciation  may  be  due  to  a  combination  of  (a)  the  direct 
injurious  action  of  the  toxin  upon  the  organs  and  tissues,  and  the  con- 
sequent impairment  of  their  function  and  vitality;  (b)  the  increased 
"combustion"  or  tissue-waste  and  high  temperature;  and  (c)  the 
inability  of  the  patient  to  take  in,  digest,  and  assimilate  sufficient 
nourishment. 

A  certain  degree  of  general  emaciation  may  follow  the  exhibition  of 
certain  organic  medicinal  preparations,  e.g.  antitoxic  sera,  thyroid 
extract,  etc. 

To  some  cases  of  general  atrophy  and  emaciation,  when  these  are  not 
due  to  specific  fevers,  tuberculosis,  or  other  obvious  cause,  the  term 
Marasmus  is  sometimes  applied.  Such  cases  are  of  frequent  occurrence 
in  infancy,  and  are  probably  often  due  to  the  absorption  of  toxic  sub- 
stances generated  in  the  alimentary  canal. 

Local  Atrophy. — In  some  instances,  the  condition  of  local  atrophy 
may  be  found  affecting  an  individual  organ  or  tissue  in  whole  or  in  part, 
whilst  in  other  cases  a  group  of  similar  or  allied  tissues  may  undergo 
atrophic  changes.  The  latter  of  these  conditions  may  in  some  instances 
be  regarded  rather  as  part  of  a  more  generalised  process;  for  example, 
the  atrophy  of  the  lymphatic  glands  and  lymphoid  tissue  generally,  which 
is  usually  found  in  old  age.  In  the  former  case,  however,  i.  e.  where  the 
atrophy  is  restricted  to  a  single  organ,  or  to  adjacent  organs  and  tissues, 
a  definite,  localised  cause  may  be  demonstrable  in  some,  though  not  in  all 
instances. 

Local  atrophy  may  occur  in  the  physiological  involution  of  certain 
organs  and  tissues,  examples  of  which  process  may  be  found  at  all  periods 
of  life.  Sufficiently  familiar  instances  are  the  disappearance  of  the 
yolk-sac  and  vitelline  duct,  the  left  superior  vena  cava,  the  thyro-glossal 
duct,  and  very  many  other  structures  during  intra-uterine  development ; 
the  involution  of  the  thymus  gland  during  childhood  and  adolescence, 
and  of  the  uterus,  etc.,  after  parturition :  the  atrophy  of  the  female 
generative  organs  at  the  menopause:  senile  involution  of  many  tissues 
and  organs,  e.g.  of  certain  parts  of  the  osseous  skeleton,  such  as  the 
neck  of  the  femur,  lower  jaw,  etc. 

Local  atrophy  in  disease  is  also  common,  and  may  arise  from  various 
causes,  many  of  which  are  essentially  similar  to  those  which  bring  about 
some  of  the  degenerations  discussed  in  the  preceding  chapters  ;  or  which. 
if  more  severe,  may  result  in  necrosis. 

Thus  defective  nutriment,  or  the  prevention  of  its  free  access  t<»  the 
part,  especially  if  such  obstruction  he  gradually  produced,  e.g.  by  disease 
of  the  arteries,  is  a  common  cause  of  local  atrophy.     Narrowing  of  the 
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coronary  arteries  of  the  bear!  may  lead  to  extensive  degeneration  and 
atrophy  oi  the  myocardium.  Thickening  of  the  walls  and  diminution 
in  the  lumen  of  the  renal  vessels,  or  obst  ruction  to  the  blood-flow  through 
the  glomeruli,  may  produce  extensive  atrophic  changes  in  the  various 
structures  of  the  kidney. 

Impaired  Nutritional  Capacity.     As  already  stated,  the  tissues,  in  order 
to   maintain   a   healthy   state   of  nutrition,   must    pOflDOBO  sufficient 

capacity  for  assimilation;  and  this  max-  be  unpaired  in  many  ways    for 
example,  by  disease,  old  age,  nervous  derangement,  abnormal  tern] 
ture,  pressure,  etc. 

The  amount  of  blood  supplied  to  a  given  part   is  largely 


lii..  :;i.-    Atrophy  of  the  Lower  .Jaw  in  old  ace.    The  bone  is  greatly  reduced  in 
edentulous  and  with  its  alveolar  border  completely  a  I  sorl  ed.     (Edinburgh  l'ni\  ersil  \ 
Anatomical  Museum.    Catalogue  No.,  Os.  D.  b.  2.) 


by  the  degree  of  its  functional  activity,  and  therefore  diminution  or  arrest 
o!  function  i  ily  Leads  to  a  corresponding  diminution  or  arrest 

tie-   blood-supply.    Muscles  and   muscular  organs  waste  from  disuse. 

The  Left  ventricle  may  I-  derably  atrophied  b  of  mitral 

stenosis,  where  only  a  small  and  feeble  stream  of  blood  is  projected  into 

n   from  the  auricle,  and  where,  in  oonsequenoe,  it   ha-  less  work  to  do 

in   expelling   its  diminished   contents.     Similarly,   the   stomach 

iphied  iii  oesophageal  obstruction;  and  the  intestine  becomes 

thinned    and    wasted    below   a    malignant    or  tuberculous   stricture.      The 

muscles  in  the  neighbourhood  of  an  ankylosed  joint  undergo  marked 
atrophy  from  disuse;  and  the  Bame  condition  supervenes  in  the  muscles, 
bone,  and  other  tissues  in  the  stump  of  an  amputated  limb 
In  the  animal  kingdom,  interesting  examples  of  the  atrophy  of  an  oi 
from  disuse  are  to  !».•  found  in  the  almost  complete  disappearance  of  the 

OS  of  sight   in  fishes  and  other  animals  living  in  the  darkness  of  the 

Mammoth  Cave  of  Kentucky,  or  at  great  depths  in  the  sea  where  little 
light  ever  penetrates ;  whilst  many  p  animals  have 
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so  entirely  upon  their  hosts  for  nutriment  that  they  have  lost  almof 
specialised  organs  except  those  of  absorption  and  reproduction. 

Excessive  use,  especially  if  of  prolonged  duration,  may  also  ultimately 
lead  to  atrophy,  for  example  in  the  case  of  muscles,  or  even  of  glandular 
organs.  Thus,  in  the  expanded,  immobile  chest  produced  by  emphysema, 
breathing  has  to  be  carried  on  by  means  of  the  extraordinary  muscles  of 
respiration.    These,   more   especially   the   sterno-mastoids   and   scaleni, 


A.  B. 

Fig.  :*2. — (A.)  Atrophy  of  bead  <>f  Bumerua  following  upon  amputation; 
(B.)  Head  of  opposite  bone  for  comparison. 

(Specimens  kindly  lent  by  Mr.  Henry  Wade.) 


may  at  first  become  considerably  hypertrophied ;  but.  as  time  elapses, 

tdditional  strain  upon  the  vitality  and  nutritive  capacities  of  the 

muscles   cannot    be   maintained,   and    atrophy   supervenes.    A  similar 

condition  of  atrophy,  usually  accompanied  by  degenerative  changes  and 

dilatation,  may  be  seen  in  the  myocardium  of  heait-chambers  which  have 

been  previously  hyperl  rophied. 

Disease  or  injury  of  the  central  nervous  system  or  of  the  peripheral 
nerves  may  Lead  to  local  atrophy  of  tissues  thus  deprived  of  tin'  effects 
of  their  normal  neurotrophic  influence.     Reference   has  already 
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made  to  this  when  dealing  with  the  question  o  al  atrophy,    The 

change  is  produced  partly  by  the  diminution  01  cessation  of  function  in 
the  pan.  partly  by  changes  in  the  vascular  supply,  and  partly  by  the 
cutting  off  of  trophic  nerve  I  in  infantile  paralysis  (polio- 

myelitis anterior  acuta),  and  in  pn  •  muscular  atrophy  (poliomyelitis 

anterior  chronica),  where  the  motor  cells  of  tin-  anterior  cornua  in  certain 
parts  of  the  spinal  cord  are  destroyed  by  disease,  the  corresponding 
muscles  gradually  waste.    Especially  in  the  former  of  these  disei 
occui nn-  as  it  most  frequently  does  early  in  life,  not  only  the  mug 
but  also  the  bones,  e.g.  of  the  lower  limb  or  of  the  Bhoulder-girdle  and 
upper  extremity,  are  often  considerably  diminished  in  size,  partly,  no 
doubt,  an  arrested  development  from  lack  of  use,  bul  also  largely  dn 
their  being  deprived  of  the  neurotrophic  influence  of  the  nervous 
to  growth  and  development. 

Similarly,  disease  or  injury  of  peripheral  nerves  may  lead  •• 
wasting  of  the  tissues  in  their  areas  of  distribution.     Tin-  for 

example,  in  the  condition  of  peripheral  neuritis  due  to  alcohol,  lead- 
poisoning,  diabetes,  etc. ;  though  in  this  disease  the  toxic  agents  probably 
also,  at  the  same  time,  act  on  the  cells  of  the  central  nervous  system. 
In  leprosy,  the  Bacillus  leprce  may  specially  attack  and  destroy  nerve- 
trunks,  with  the  result  that,  in  addition  to  the  production  of  wastu 
the  skin  and  other  tissues,  the  bones  for  example,  of  the  hand,  especially 
tin*  phalanges — may  become  extremely  thin  and  small.  In  locomotor 
ataxia,    a    disease   characterised   by   degeneration    and   sclerosis   of   the 

terioi  columns  of  the  spinal  cord,  there  may  be  extensive  nutritive 
changes  in  the  bones  and  joints. 

Influence  of  Pressure.-  It  was  long  ago  pointed  out  by  John  Hunter 
that  continuous  pressure  causes  atrophy,  whilst  intermittent  pressure, 
on  the  contrary,  tends  to  produce  hypertrophy  or  over-growth.  An  example 
of  the  latter  condition  is  well  seen  in  the  overgrowth  of  skin-epithelium 
to  form  a  vi  corn,"  following  upon  the  intermittent  compression  of  a  tight 
boot.    Continuous  pressure  can  dual  atrophy  from  interfere 

with  the  function  and   vitality  of  the  tissue  itself,  and  moi  iallv 

of  its  cellular  elements,   cell-division   and  function    being  diminished   or 

arrested.  It  also  acts  partly  by  interfering  with  the  Local  blood-supply 
from  compression  of  the  and  lymphatics  of  the  pan.    Examples 

of  -iich  wasting  resulting  from  continuous  pressure  may  be  Been  in  the 
at  rophy  of  ti  ound  an  aneurism  or  tumour.    Such  pressure-atrophy 

may  even  occur  in  bone,  and  the  sternum  or  vertebral  bodies  may  un<i< 

extensive  erosion  b  ire  upon  them  by  ther 

aneurisms  (.sec  I  -         I   Pathology).     This  absorption 

Beems  to  be  to  a  large  extenl  carried  oul  by  means  of  multinucleated  and 
other  phagocytic  cells  which  appear  al  the  surf.  'he  bone  in  the 

neighbourhood  of  such  an  aneurism  or  tumour.    Abnormal  and  1' 
continued  ii  ire  within  an  organ  may    similarly  lead  to 
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atrophy  and  distension  of  its  component  tissues — for  example,  in  the 
case  of  the  lungs,  where  prolonged  coughing  and  other  causes  may 
produce  pressure-atrophy  of  the  alveolar  walls  and  capillaries,  etc.,  i.e. 
the  condition  known  as    emphysema. 

Similarly,  the  abnormal  pressure  of  one  tissue-constituent  upon 
another  within  the  same  organ  may  lead  to  atrophy  of  the  more  delicate 
constituent.  Thus,  in  chronic  venous  congestion,  the  parenchymatous 
cells  of  the  liver  become  atrophied,  and  may  even  ultimately  disappear, 
in  the  areas  where  they  are  compressed  between  the  distended  capillaries. 
Or,  again,  the  special  cells  of  an  organ  may  similarly  undergo  atrophy 
from  compression  between  the  swollen  and  altered  fibrous -tissue  elements, 
as  occurs  in  waxy  or  amyloid  disease. 

Changes  Occurring  in  Atrophying  Organs. — As  a  general  rule,  the  more 
highly  endowed  special  cells  are  first  affected,  and  usually  exhibit  certain 
retrograde  or  degenerative  changes,  which  have  been  discussed  in  previous 
chapters.  The  cells  themselves  may  diminish  in  size  and  lose  their  more 
specific  characters,  and  there  is  usually  a  diminution  or  loss  of  the  power 
of  cell-division  and  reproduction,  and  hence  a  defective  formation  of 
new  cells  to  take  the  place  of  those  which  are  degenerated  and  atrophied. 
In  some  cases,  the  more  highly  specialised  cells  may  shew  a  degradation 
in  type,  or  there  may  even  be  a  degradation  in  the  type  of  the  entire 
tissue ;  for  example,  connective  tissue  may  be  replaced  by  fatty  or 
mucoid  ("myxomatous")  tissue,  cartilage  may  be  transformed  into 
mucoid  ("myxomatous")  tissue,  and  so  on.  In  some  cases,  active 
phagocytosis  may  assist  the  other  destructive  processes  at  work.  The 
supporting  connective-tissue  framework  of  the  tissue  or  organ  usually 
exhibits  proliferative  changes  and  becomes  more  completely  fibrous,  pro- 
ducing the  condition  known  as  fibrosis,  or  fibrous  atrophy,  which  may  be 
met  with  as  a  senile,  a  degenerative,  or  a  chronic  toxic,  irritative  process. 
Many  of  the  blood-vessels  of  the  affected  area  may  become  thickened  and 
narrowed,  or  even  completely  obliterated,  and  may  ultimately  disappear, 
although  in  some  cases,  where  there  is  much  increase  of  connective  tissue, 
it  may  become  vascularised  by  the  proliferation  of  pre-existing  v< 

The  term  Metaplasia  was  introduced  by  Virchow  to  denote  the  trans- 
formation of  one  tissue  type  into  another — for  example,  mucoid  tissue 
into  cartilage,  and  vice  versa;  cartilage  into  bone:  formative  or  hemo- 
poietic bone-marrow  into  fatty  or  mucoid,  or  even  into  osseous  tissue: 
and  so  on.  It  is  necessary  to  note,  however,  that  these  met  a  plastic 
changes  can  only  occur  between  members  of  the  same  group,  e.g.  among 
the  connective  tissues  themselves,  but  not  from  a  connective  tissue  to  an 
epithelium,  or  the  reverse.  Virchow  originally  applied  the  term  to  changes 
occurring  between  members  of  the  connective-tissue  group  only,  but  there 
is  no  reason  why  it  should  not  also  be  used  to  denote  a  change  from  one 
to  another  epithelial  type,e.g.  from  a  higher  to  a  lower,  i 
as  may  frequently  be  observed  in  glandular  and  other  epithelial  tumours. 
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\  we  have  seen,  Buch  metaplastic  transformation  may  l><*  due  to  the 
deterioration  of  nutrition,  01  to  degradation  of  function,  but  it  may 
be  reparative;  or,  in  other  instances,  il  may  be  brought  about  by  an 
alteration  in  the  character  of  the  function  required  of  the  tissue.  Thus, 
active  blood-forming  bone-marrow  may  be  substituted  for  the  more  inert 
fatty  marrow,  when  such  a  change  La  demanded  by  the  needs  of  the 

aism,  or  cartilage  may  appear  in  the  fibrous  tissue  of  a  false  joint. 
Similar  metaplastic  changes,  but  apparently  serving  no  useful  pun 
are  of  extremely  common  occurrence  in  very  many  varieties  of  tumour- 
growth. 


CHAPTER  V 

DISTURBANCES   OF  THE   CIRCULATION 

In  order  to  maintain  the  nutrition  of  the  whole  or  of  any  part  of  the 
body  at  its  highest  level,  various  physiological  functions  must  be  perfectly 
performed,  and  the  chief  of  these  is  the  circulation.  Any  disturbance 
of  this  leads  to  nutritive  changes ;  and,  if  the  disturbance  be  prolonged, 
the  changes  may  be  very  marked,  and  permanent  damage  be  done  to  the 
cells  and  the  various  tissues  of  the  body.  For  carrying  on  the  circulation 
in  its  normal  state,  at  least  three  factors  are  necessary,  viz.  a  normally 
functioning  heart,  healthy  blood-vessels,  and  blood  which  is  normal  in 
quantity  and  quality.  The  relation  between  these  three  factors  is  so 
intimate  that  a  disturbance  of  one  very  commonly  leads  to  more  or  less 
alteration  in  the  others ;  but  it  will  be  convenient  to  study  each 
separately. 

The  Heart. — Various  degenerations  and  inflammations  of  the  peri- 
cardium, myocardium,  and  endocardium  give  rise  to  disorders  of  the 
circulation,  and  the  heart  either  acts  so  feebly  that  it  cannot  send  on  the 
blood  with  sufficient  force,  or,  on  account  of  various  obstructions,  more 
blood  is  received  than  can  be  sent  out.  As  a  result,  the  arterial  supply 
is  diminished  and  the  venous  system  engorged.  The  venous  engorgement 
increases  the  work  of  the  heart,  and  this  increase  tends  to  exaggerate  the 
existing  pathological  conditions.  An  increased  pressure  develops  in  the 
dilated  veins,  and  is  followed  by  an  increased  transudation  of  lymph 
and  the  production  of  dropsy.  The  diminished  arterial  supply  leads  to 
deficient  oxygenation  of  the  blood,  the  accumulation  of  carbon  dioxide, 
and  a  bluish  discoloration  of  the  skin — cyanosis.  It  also  has  a  devitalising 
effect  on  the  tissues  of  the  arterial  wall,  and  this,  in  itself,  favours  accumu- 
lation of  blood  in  the  veins  and  capillaries,  especially  in  dependent  parts. 
the  condition  of  hypostasis  or  hypostatic  congestion  being  thus  produced . 

The  Blood-vessels.  -The  elasticity  of  the  walls  of  the  arteries  is  the 
principal  factor  in  regulating  the  rate  and  the  amount  of  blood  flowing 
through  them.  If  this  elasticity  is  diminished  or  lost,  a  dilatation  of 
the  lumen  follows,  which,  according  to  Thoma,  is  compensated  for  by  a 

thickening  of  the  inner  coat,  and  a  consequent  still  further  diminution  in 

elasticity.  The  propulsion  of  the  blood  is  not  now  aided  by  the  con- 
traction of  the  arterial  walls,  and  the  result  is  stagnation  and  hypostasis. 

Further  degeneration  takes  place  in  the  walls  of  the  arteries,  and  this. 

Hi) 
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by  increasing  the  work  of  the  heart,  ]  hypertrophy  and  other 

compensatory  changes  in  that  organ. 

Again,  in  the  ultimate  capillaries,  the  blood  rated  from  the 

tissue-fluids  by  a  thin  Bemi-permeable  membrane— the  endothelium. 

The  lymph  passes  in  similar  channels  to  those  of  the  blood,  and  there 
must,  therefore,   be  con-taut  diffusion  and  going  on,  with  a 

constant  endeavour  to  establish  a  balance  between  these  three  flu;. 

The  Blood.    Morbid  alterations  in  the  composition  of  the  circulating 
fluid  have  a  deleterious  effec-  1-nutrition  in  general;    and.  though 

in  some  cases  this  is  a  very  important  factor  in  producing  patholog 
changes,  it  maw  for  our  present  purpose,  he  almost  neglected.     Again, 

alterations  in  the  quantity  of  the  blood  passing  into  a  part  is  of  wry  con- 
siderable importance,  and  it  is  obvious  that  this  must  be  largely  iniroei 
by  the  two  former  factors,  viz.  impairment  in  the  function  of  the  heart 
»i  of  the  blood-vessels,  or  of  both. 

For   convenience    of   study,    the    circulatory    derangements    may    be 
divided  into  two  groups: — 

1.  Those  in  which  the  changes  are  due  to  mechanical  impediments 
to  the  flow  of  blood  through  a  part  of  the  body. 
Those  due  to  the  reaction  which  the  tissues  and    .  undergo 

in  response  to  irritation,  these  being  classed  under  the  general 
term  Inflammation. 

Changes  dependent  on  Mechanical  Obstruction.  Mechanical  obstruc- 
tion to  the  flow  of  blood  may  affect  either  the  veins  or  the  arteries,  or 
both.  If  the  obstruction  is  venous,  interference  with  the  outflow  of  blood 
and  consequent  engorgement  of  the  part  take  place;  if  arterial,  thei 
a  diminish. 'd  supply  of  blood,  with  resulting  impaired  nutrition  of  the 
pan.  To  the  latter  condition  the  term  Anaemia  is  commonly  applied; 
and  to  the  former.  Congestion  or  Hyperemia.  Both  of  these  names  are 
used  Bomewhat  indiscriminately  The  term  Anaemia  is  used  to  indicate 
that  a  part  <»f  the  body  ha-  a  lessened  arterial  supply,  but  it  is  also  applied 
ertain  morbid  conditions  of  the  blood  itself;  whilst  Hyperemia  is 
used  for  conditions  where  the  blood  accumulates  in  a  part,  either  from 
an  increased  afflux  or  from  a  diminished  outflow.  It  is  true  that  the 
term  active  hyperaemia  or  active  congestion  is  applied  to  the  condition 
produced  by  an  increased  How  of  blood  to  a  pan.  and  passive  hyperaemia 
or  passive  congestion  to  that  produced  by  a  diminished  outflow  ;  but 
this  distinction  cannot  be  strictly  maintained,  for.  under  the  term  active 
hyperaemia  are  included  those  conditions  in  which  tin-  iment  is 

due  merely  to  a  local  dilatation  of  the  minute  vessels  of  •  d  in 

which  tl  (either  increased  afflux  nor  obstructed  outflow.    Though 

th«'-.'  terms  must  b"  retained,  w»  with  Greenfield  and  Lyon  that 

"for   conditions   due  to   dilatation  of   the  minuti  -    of   the    part — 

the  venules  and  capillaries  especially    the  term  congestion  would 
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convenient;  whilst  those  due  to  venous  obstruction  might  well  be  called 
venous  engorgement,  and  those  associated  with  increased  afflux  of  blood 
active  hyperaemia." 


VENOUS    ENGORGEMENT,    OR   VENOUS    OBSTRUCTION 

If  the  veins  of  a  part  become  obstructed  from  any  cause,  and  the 
inflow  of  blood  still  continues,  the  venous  channels  dilate  and  the  part 
becomes  blue  from  defective  oxygenation  of  the  blood.  These  cyanosed 
parts  are  usually  cold,  and  sensation  in  them  is  more  or  less  interfered 
with.  The  obstruction  may  be  central  in  origin,  i.  e.  in  the  heart  or  in 
the  lungs,  and  the  resulting  engorgement  is  then  general  ;  or,  on  the  other 
hand,  the  engorgement  may  be  more  local  in  its  distribution,  where  it  is 
due  to  changes  in  or  around  the  vessels. 

General  Engorgement. — This  is  most  commonly  due  to  structural 
alterations  in  the  heart  itself.  If  the  mitral  valve  is  diseased,  so  that 
there  is  accumulation  of  blood  in  the  left  auricle,  and  consequent  obstruc- 
tion to  the  free  inflow  from  the  pulmonary  veins,  venous  congestion  is 
produced  in  the  lungs.  The  onward  flow  being  thus  diminished,  brings 
about  obstruction  in  the  right  side  of  the  heart,  and  engorgement  of  the 
whole  of  the  systemic  veins.  The  parts  nearest  the  source  of  obstruction, 
the  organs  from  which  the  venous  return  is  more  or  less  indirect,  e.g. 
the  spleen,  and  the  vessels  in  which  gravity  plays  an  important  part, 
e.g.  the  long  veins  in  the  lower  limbs  or  the  left  spermatic  vein,  give 
greatest  evidence  of  the  engorgement.  The  obstruction  in  the  lungs 
causes  a  deficient  aeration  of  the  blood,  and  a  general  condition  of  cyanosis 
follows.  Such  general  cyanosis  may  also  be  produced  by  a  mixing  of 
venous  with  arterial  blood,  and  may  take  place  in  consequence  of 
abnormalities  in  the  heart,  e.g.  a  patent  foramen  ovale.  General 
venous  engorgement  may  also  occur  in  cases  in  which  the  obstruction 
is  in  the  lungs  themselves. 

Local  Venous  Congestion  may  be  brought  about  by  many  factors  : — 

1.  Obstruction  by  ligature,  tight  bandaging,  or  by  pressure  from 
without  by  tumour  or  aneurism. 

2.  Incompetence  of  the  valves  in  the  vein  and  thickening  of  one  <>i 
more  of  the  coats  of  the  vein,  sometimes  with  marked  degenerative 
changes  and  deposits  of  lime-salts,  leading  to  narrowing  of  the  lumen 
or  to  dilatation.  These  conditions  are  aided  by  gravity,  and  sometimes 
by  the   anatomical   distribution   of  th<'    vein-    e.g.  the  left  spermatic 

vein. 

3.  The  obstruct  ion  may  take  place  in  the  lumen  of  the  vein  by  the 
formation  of  a  thrombus,  and,  in  many  i  I  his  thrombosis  has 
followed,  and  is  consequent  upon,  pre-existing  degenerative  changes  in 

the  wall  of  the  vein. 
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4.  Foreign   bodies,   portions  of  new  growths,  or   |  may   be 

found  in  the  Lumen,  as  rarer  can  obetruotion. 

The  phenomena  and  effects  of  the  Local  venous  with 

the  character  and  position  of  tbje  obstructed  vein,  the  rapidity  of  its 
production,  and  also  with  the  degree  of  obstruction.    Obstruction  of 

veins,  where  the  collateral  venous  supph  I.  may  lead  to  no  serioUfl 

results,  because  new  channels  are  at  once  opened  up  to  replace  the  old 
and  obstructed  ones.  On  the  other  hand,  if  soul-  of  the  Larger  trunk 
the  main  vein  from  an  organ  be  obstructed,  the  anastomosing  channels 
are  not  sufficient  to  carry  on  the  work,  and  very  important  <:' 
in  nutrition,  etc.,  take  place.  Where  the  collateral  supply  is  not  sufficient, 
and  where  a  single  vein  carries  out  most  of  the  vein  us  return,  consider- 
able changes  result  from  its  obstruction.  Examples  of  such  veins  are  the 
renal,  the  ophthalmic,  the  pulmonary,  and  the  external  iliac.  The 
immediate  effects  will,  of  course,  vary  with  the  suddenness  and  com- 
pleteness of  the  obstruction;  for,  if  the  obstruction  occurs  suddenly,  and 
especially  if  it  be  complete,  considerable  changes  may  take  place  before 
the  collateral  supply  is  established  ;  whereas,  if  the  obstruction  occurs 
slowly,  the  likelihood  of  a  complete  collateral  supply  being  established  is 
greatly  increased.  Thus  in  some  cases  of  obstruction  slowly  produced 
by  tumours,  large  venous  channels  may  become  completely  blocked 
without  producing  any  serious  results  to  the  circulation.  The  portal 
vein  may  become  completely  obstructed,  and  yet  the  blood  may  find  its 
way  by  collateral  channels  into  the  systemic  veins  in  such  a  quantity 
that .  during  life,  no  evidence  of  obstruction  can  be  detected.  The  de§ 
of  obstruction  is  of  necessity  an  important  factor;  for,  when  the  lumen 
of  .1  vein  becomes  considerably  narrowed  from  any  cause,  thromb 
is  liable  to  occur.  The  thrombus  causes  a  complete  block  in  the  blood- 
How,  and  may  produce  all  the  changes  associated  with  acute  venous 
:  gemenl . 
ACUTE  VENOUS  ENGORGEMENT.  This  condition  may  arise  from 
rapidly-developed  thrombosis  of  some  of  the  larger  veins  or  sinuses,  e.g. 

the   renal,  the  splenic,   or  the  ophthalmic   veins,   or  one  of  the  cerebral 

sinuses;    but  it  is  besi  studied  experimentally,  by  ligature  of  either  a 

superficial  vein,  or  of  the  renal  or  the  splenic  vein.      Immediately  following 

ligature,  there  is  distension  and  engorgemenl  of  all  die  minute  veins  and 
capillaries  of  the  area  to  which  the  ligatured  vein  belong        j       area,  if 
superficial,    becomes   swollen     livid,   cold    and    numb.    The   distended 
capillaries  may  rupture,  especially  those  which  are  feebly  supported,  and 
Larger  <>r  smaller  haemorrhages  may  cause  further  swelling  and  disool 
tion  of  the  pari .     Li  nature  of  the  whole  renal  vein  causes  ma  iked  i 
men!  throughoul  the  kidney,  with  numerous  haemorrhages  from  rap! 
of  smaller  vessels.     If  only  a  branch  of  the  vein  is  ligatured,  the  i 
ment  and  tuamorrhag  confined  largely  toth<  I  area  which  this 
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branch  drains,  but  there  is  also  a  certain  amount  of  engorgement  in  other 
parts.  This  latter  soon  passes  off,  and  is  possibly  accidental,  and  due  to 
interference  with  the  other  branches  of  the  vein  during  the  operative 
procedure.  In  the  engorged  area,  the  haemorrhages  are  best  seen  in  the 
glomerular  capsules  and  between  the  tubules  in  the  boundary  zone. 
They  occur  almost  immediately  after  the  ligature  has  been  applied,  and 
result  from  the  rupture  of  the  distended  and  feebly  supported  capillaries; 
but  they  become  more  marked  some  hours  later.  This  late  haemorrhage 
is  no  doubt  due  to  the  occurrence  of  degenerative  changes  in  the  walls 
of  the  capillary  channels,  which  render  them  more  liable  to  rupture.  The 
degeneration  is,  of  course,  caused  by  the  impaired  nutrition  brought  about 
by  the  ligature.  In  disease,  such  haemorrhages  are  an  important,  though 
not  very  common,  result  of  acute  congestion.  They  occur,  as  might  be 
expected,  in  the  vessels  whose  walls  are  thin  and  feebly  supported.  In 
obstruction  of  the  ophthalmic  vein,  haemorrhages  are  produced  in  the 
retina ;  while  haemorrhages  in  the  lung  occur  as*  a  result  of  thrombosis  of 
branches  of  the  pulmonary  veins;  and  haemorrhage  into  the  pia-mater, 
over  the  vertex  of  the  brain,  is  sometimes  observed  as  a  result  of  sudden 
thrombosis  of  the  longitudinal  sinus.  The  haemorrhages  are  more  likely 
to  occur  if  there  has  been  previous  damage  to  the  vascular  endothelium  by 
toxic  or  chemical  substances,  which  may  also  have  played  some  part  in 
causing  the  obstruction.  The  distension  of  the  veins  of  the  part  soon 
causes  swelling,  which  becomes  more  marked  at  a  later  period,  and  is 
then  due  to  an  accumulation  of  transuded  lymph  in  the  tissue.  This 
secondary  swelling  or  dropsy  must  now  be  considered. 

DROPSY  OR  (EDEMA. — In  certain  cases  of  venous  obstruction, 
accumulations  of  clear  watery  fluid  are  found  in  the  tissues-spaces  or 
body-cavities,  and  to  this  condition  various  names  have  been  applied. 
If  the  accumulation  is  in  the  tissue  lymph-spaces,  it  is  called  dropsy  or 
oedema;  whereas,  if  there  is  a  general  infiltration  of  all  the  subcutaneous 
and  muscular  connective  tissues,  the  name  anasarca  is  used.  Accumula- 
tion in  the  peritoneal  cavity  is  called  ascites,  in  the  pleural  cavity,  hydro- 
thorax,  in  the  pericardial  sac,  hydropericardium,  and  in  the  ventricles 
of  the  brain,  hydrocephalus. 

Part  of  the  process  of  nutrition  of  the  various  tissues  of  the  body  is 
carried  on  by  lymph,  which  in  a  normal  individual  transudes  from  the 
capillaries.  This  transuded  lymph,  altered,  it  may  be,  in  composition, 
is  absorbed  by  the  lymphatics  and  the  veins,  and  is  thus  carried  back 
into  the  blood-stream.  It  has  been  shewn  by  experiment,  that,  if  the 
pressure  in  the  capillaries  is  increased,  transudation  takes  place  to  a 
greater  degree.  The  veins  and  the  lymphatics  may  still  be  efficient 
channels  of  absorption  foT  this  increased  transudation,  and  no  pathological 
accumulation  of  fluid  may  arise.  If,  however,  there  is  considerable 
venous  obstruction,  one  of  the  paths  of  absorption  is  interfered  with,  and 
the  obstruction  causes  a  further  increase  of  pressure  in  the  capillar,' 
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and  consequently  a  further  increased  transudation  of  lymph.    If  i 
physical  pressure  were  the  can-.-  of  abnormal  increase  of  Lymph  in  the 
tissues,  there  Bhould  always  be  found,  u  transudatioTJ 

with  diminished  absorption,  an  aocumulatiorj  <»l  fluid  in  those  tissues 
which  are  drained  by  the  obstructed  vein.     In  certain  I  venous 

obsi  nation  this  dropsy  is  found,  but  in  other  instances  it  is  entirely  ah 
Where  the  femoral   vein  is  obstructed,  there  may   be   \  idt-rable 

oedema  of  the  tissues  of  the  corresponding  lower  limb;   and.  on  the  other 
hand,  in  some  cases,  on  yost-morli  m  examination,  complete  obstruction, 
even  of  the  inferior  vena  cava,  may  he  found  without  a  trace  of  drO] 
It    is   thus   quite  clear  that    mere  increase  of   pressure  and   dimini 
absorption  by  the  veins  are  not  in  themselves  the  sole  causes  of  the  dp 
which  frequently  follows  obstruction  of  veins.     It  has  also  been  shewn  by 
experiment  that  even  extensive  obstruction  of  lymphatic  channels 
not  give  rise  to  oedema.     Other  causal  factors  must  therefore  be  i 
sidered,  and,  in  doing  this,  we  propose  studying  the  condition  in  its  most 
frequently  occurring  forms. 

Cardiac  Dropsy. — This  occurs  in  cases  of  venous  engorgement  where 
there  is  central  obstruction  to  the  circulation  from  valvular  disease  of 
the  heart,  or  from  general  cardiac  weakness.  The  oedema  shews  itself 
first  in  the  feet  and  legs,  if  the  patient  is  in  the  upright  position,  or  in  the 
tissues  of  the  back  or  in  the  dependent  parts  of  the  lungs,  if  he  is  lying 
down.  This  at  once  suggests  that  gravity  must  play  some  part  in  the 
process,  and  that  increased  pressure  has  also  an  important  causal  relation 
to  it.  But.  in  these  chronic  cases,  there  is  very  often  a  long-contu 
increase  in  the  venous  and  capillary  pressure,  which  must  act  deleteriously 
on  the  vascular  walls.  To  a  considerable  extent  they  lose  their  con- 
tractile power;  for,  though  the  walls  may  become  thickened,  the  newly- 
formed  tissue  i>  mainly  of  the  nature  of  non-contractile  fibrous  tissue. 
On  the  much-debated  question  of  the  selective  secretory  or  excretory 
capacity  of  the  vascular  endothelium  in  this  connection,  it  need  only  he 
said,  that  if  the  lining-cells  perform  BUCh  functions,  these  must    become 

deranged,  as  a  result  of  pathological  changes  in  the  endothelium  itself. 
In  addition,  the  tissues  round  the  dilated  vessels,  partly  from  pressure  and 

pertly    from    malnutrition,    undergo    a    certain    amount    of   atrophy    and 

deration.    Their  elasticity,  and  consequent  onward  driving  power. 

much  diminished.     The  perivascular  lymphatics,  and   probably  also 

the  small  venules  and  capillaries,  are  to  a  considerable  extent  inter!' 
with,  and  the  vasomotor  control  may  also,  t<»  a  certaii 

All  these  factors  will  favour  the  accumulation  of  Lymph  in  the 

We  believe  that  the  increased  permeability  of  the  capillary  wall  is  the 
main  factor,  and  thai   increased   vascular  |  though  in 

is  quite  seoondaj  at.    This  in.  bility 

may  be  due  partly  to  actual  damage  t<>  the  endothelial  cells  !■■ 

and  other   poisons,   and    partly   t<>   a  disturbance  of  the   normal   pr- 
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of  osmosis  by  the  presence  of  these  poisons,  etc.,  in  the  blood  or  in  the 
surrounding  tissues. 

The  (Edema  of  Anaemia  or  Cachexia. — Considerable  accumulations  of 
fluid  are  often  found  in  the  serous  cavities  or  in  the  subcutaneous  and 
other  tissues,  when  there  is  neither  general  heart-disease  nor  special 
venous  congestion.  In  many  of  these  cases  there  are  considerable  dis- 
turbances of  nutrition,  frequently  due  to  some  chronic  infective  condition 
which  produces  marked  alterations  in  the  cellular  and  fluid  elements 
of  the  blood ;  and  many  authors  hold  that  the  so-called  "  hydremic  " 
condition  of  the  blood  is  the  sole  cause  of  the  dropsy.  In  other  cases 
where  there  are  similar  very  grave  alterations  in  the  blood,  dropsy  or 
oedema  does  not  occur ;  and  it  has  been  shewn  experimentally  by  Cohn- 
heim  and  Lichtheim  that  "  hydremic  plethora  "  may  be  produced  by 
injecting  large  quantities  of  a  0*6  per  cent,  saline  solution  into  the  vascular 
system  of  animals,  without  producing  oedema.  Further,  the  fact  that  in 
many  cases  there  may  be  a  unilateral  oedema,  e.  g.  in  one  pleural  cavity, 
seems  definitely  to  negative  the  idea  of  the  condition  of  the  blood  itself 
playing  any  very  important  part  in  the  process.  Cohnheim  attributes 
the  whole  of  the  oedema  of  anaemic  or  cachectic  conditions  to  an  increased 
permeability  of  the  vascular  wall.  This  may  be  brought  about  by  the 
hydremic  condition  of  the  blood,  the  protein  elements  being  relatively 
diminished,  the  vascular  endothelium  not  receiving  its  normal  nutrient 
supply  and  undergoing  degeneration.  In  cases  where  the  hydrsemic 
condition  of  the  blood  and  the  nutritive  disturbances  are  due  to  some 
infective  condition,  the  probability  of  a  toxin  or  a  metabolic  poison  of 
some  kind  acting  directly  on  the  vessels  must  be  considered,  and,  further, 
the  osmotic  disturbance  produced  by  the  presence  of  these  toxins,  etc. 
It  is  abundantly  proved  by  experiment  that  vascular  endothelium  under- 
goes both  proliferative  and  degenerative  changes  during  the  course  of  an 
infective  disease,  e.g.  in  typhoid  fever,  and  these  changes  must  con- 
siderably influence  the  transudation  of  lymph.  As  we  have  mentioned 
above,  Cohnheim  finds  the  whole  explanation  of  the  cachectic  oedema 
in  the  modification  and  increased  permeability  of  the  vascular  wall.  For 
"  the  injured  vessel- wall  is  more  permeable  than  normal,  and  when  this 
is  the  case  the  normal  or  less  than  the  normal  blood-pressure  is  sufficient 
to  produce  an  increase  of  lymph-flow,  or,  in  other  words,  to  produce 
oedema." 

Renal  Dropsy.-— In  renal  dropsy,  particularly  in  those  cases  which 
are  consequent  upon  acute  nephritis,  the  accumulation  of  fluid  is 
especially  found  in  the  loose  cellular  tissues  aboui  the  eyelids.  In  other 
cases,  however,  the  distribution  resembles  more  that  seen  in  cardiac 
dropsy.  Gravity  may  play  some  part  in  the  latter  type  of  case,  but, 
in  the  production  of  any  form  of  renal  dropsy,  several  factors  must  be 
considered  in  relation  to  the  cause.  There  is  usually  an  increase  of 
pressure  in  the  blood-vessels,  and  often  a  very  profound  alteration  in 
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the  walls  of  the   vessels  themselves.     Further,   a   hv.'::  condition 

of  the  blood  is  very  commonly  found;   and.  what  is  perhaps  the  i 
important  factor,  an  accumulation  in  the  blood  of  waste  produe 
various  kinds,  which  must  have  some  influence  on  osmosis.    The  relative 
part  which  each  of  thea  i  the  process  it  is,  in  the  pi- 

nt our  knowledge,  impossible  to  estimate. 
(Edema  due  to  Vasomotor  Disturbance.    The  oedema  which  occurs 
in  the  paralysed  limb  in  cases  of  hemiplegia,  oi  that   following 
paralysis,  is  apparently  due  to  a  vasomotor  disturbance,  which  no  doubt 
causes  both  an  increased  transudation  of  Lymph  and  a  diminished  absorp- 
tion;   and   here   it    would   semi  that   the   main   cause   is  disturl 

ralar  innervation,  and  probably  also  an  increased  permeability  of  the 
el-wall.     Richard  bower,  in  I860,  ligatured  the  inferior  vena  cava  in 
animals,  and  described  the   occurrence   of   oedema   in    both    hind    limbs. 
Ranvier  repeated  the  experiments  with  ((llite  dill'  9UltS      no 

being  produced.    After  section  of  the  sciatic  nerve  on  one  Bide  and  ligature 

of  the  vena  cava,  oedema  appeared  on  the  side  on  which  the  sciatic  i  i 
had  been  divided,  but  not  on  the  other.    Further,  it  was  shewn  experi- 
mentally that  division  of  the  sciatic  nerve  alone  did  not  produce  oedema. 
Ranvier,  at  first,  concluded  from  these  experiments  that  the  vasomotor 
nerves  controlled  the  output  of  fluid  from  the  blood-vessels,  but 

later  period  he  modified  his  view,  and  attributed  the  dropsy  to  an  ; 
tension  produced  by  the  dilatation  of  the  arteries,  and  an  increased  supply 
of  blood  to  the  part.    This  oedema  may.  of  course,  be  attributed  to  the 
increased   arterial  flow  combined  with  the  venous  obstruction;    but   we 
!«'»-l  that   here   also    we   are  justified  in  suggesting  that  an  increi 
permeability  of  the  vascular  wall,  on  account  of  degenerative  chai 
which    would    necessarily    follow    the    operative  interference,   may   have 
played  a  considerable  part. 

Inflammatory  (Edema. — Of  this,  very  little  in  ted  be  Baid  here.    There 
is  undoubtedly  increased  pressure,  but  the  most  important  factor  seems 

to   be   an   alteration   in  the   vascular  endothelium.     Th>  3   become 

much  more  permeable,  and  proliferative  and  degenerative  changes  can 

be  readily  demonstrated  in  their  lining  endothelium. 

Lazarus  Barlow,1  in  his  experimental  investigation  of  the  results  of 
venous  engorgement,  has  shewn  that  an  increase  in  venous  pressure 
not  of  itself  lead  to  an  increased  output  of  lymph.    If.  however,  a  ligature 
is  placed  round  a  limb  tightly  enough  to  arrest  the  circulation  com- 
pletely, and  is  kept  on  for  an  hour,  and  if  afterwards  the  blood-pressure  I  e 

ed,  there  is  a  rapidly  formed  and  well-marked  oedema  in  the 
We  do  not  propose  discussing  the  problems  raised  by  these  experin  i 
but  musl  merely  refer  our  reader.-  to  the  original  papers.     Barlow's  i 

1  Lazarofl  Barlow,  "(Edema,"  Phil  Trans*  R  voL  clxxxv. 

p.    :  ft     Lymph-formation,  Is.    «!▼. 

riooa  pa]  %era\  and  ■ 
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elusions  are  that  the  oedema  is  mainly  due  to  two  factors  :  (1)  the  starva- 
tion of  the  tissues  by  the  loss  of  the  nutrient  blood-supply ;  and  (2)  the 
accumulation  of  the  waste  products  of  their  own  metabolism.  He  points 
out  that  the  amount  of  lymph  which  escapes  from  the  vessels  is  deter- 
mined by  the  needs  of  the  tissues  rather  than  by  the  condition  of  the 
blood-vessels.  "  When  the  tissues  are  starved,  or  when  the  products  of 
functional  activity  are  stored  up  in  the  tissues,  an  arterial  congestion 
(active)  occurs,  which  is  accompanied  by  an  increased  flow  of  lymph. 
One  portion  of  this  increase  flows  away  by  the  lymphatics,  and  is  recog- 
nised by  an  increased  flow  from  the  lymphatics;  another  portion,  if 
special  methods  are  adopted,  can  be  shewn  to  remain  in  the  tissues.  Now. 
if  a  sufficient  amount  of  this  lymph  remains  in  the  tissues,  the  clinical 
condition  of  cedema  is  produced  "  (Lazarus  Barlow). 

On  this  view,  the  accumulation  of  fluid  in  the  tissues  or  cavities  of 
the  body  is  simply  an  exaggeration  of  the  normal  physiological  processes. 
In  health,  even  with  accumulation  of  metabolic  substances,  the  reserve 
power  of  the  heart  and  vessels  is  so  great  that  they  are  able  to  meet  the 
increased  demands  upon  them,  and  cedema  does  not  occur.  But  when 
there  is  some  failure  of  the  heart,  or  some  pathological  condition  of  the 
vessels  or  of  the  blood,  then  the  equilibrium  is  disturbed.  The  lymph 
poured  out  is  not  absorbed,  further  starvation  of  the  tissues  and  further 
accumulation  of  waste  products  take  place,  and,  in  consequence,  a  greater 
demand  for  lymph  is  made,  and  the  tissues  become  bathed  in  it.  The 
lymphatic  system  is  unable  to  cope  with  the  increased  work  thus  thrown 
upon  it,  and  of  necessity  much  of  the  fluid  must  remain  in  the  tissues  and 
cavities. 

At  present,  there  does  not  appear  to  be  sufficient  evidence  in  support 
of  the  view  of  Hamburger  and  Heidenhain  that  the  vascular  endothelium 
has  certain  secretory  functions,  to  justify  us  in  dealing  with  this  aspect 
of  the  question.  We  must  refer  our  readers  who  desire  more  information 
on  the  point  to  the  original  papers,1  and  to  the  criticisms  of  Starling  2 
and  others. 


From  what  has  been  said  above,  it  will  be  seen  that,  in  the  causation 
of  dropsy,  the  following  factors  at  least  must  be  considered  : — 

1.  Alteration   in   the   vascular  walls,   brought   about   by   dia 
prolonged  dilatation,  vasomotor  paralysis,  toxic  or  metabolic  poisons 
in  general — these  causes  leading  to  an  increased  permeability. 

2.  Increased  pressure  in  the  capillaries,  due  to  obstruction  of  the 
wins  by  thrombosis  or  by  pressure  of  tumours,  etc. 

1  Hamburger,  Zeigler 6  Beit.,  vol.  xiv.  p.  Ill;  and  Virch.  Arch.,  vol.  cxlL, 
1895,  p.  398.     Heidenhain,  P finger's  Arch.,  vol.  \li\..  1891,  p.  209. 

-  Starling,  Leathes,  etc.,  Jour.  Phys.,  vol.  \iv.  \i\.,  1893  1896.  Starling, 
Lancet,  1896,  vol.  i. ;  Trans.  Path.  Soc,  1901. 
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3.  Vasomotor  para]  rial  flow  and  dimin- 
ished absorption  by  the           and  lymphal 

4.  Alterations    in    the    heart,   due    to    valvular   <li 

weakness.    These  may  ad  bj  i  inorea  ount 

of  the  venous 

5.  Alterations  in  the  blood  itself,  brought  about  by  an  incn 

in  the  watery  elements  and  a  relative  diminution  in  the  proteins,  or 
by  the  introduction  of  some  toxic  substance. 

6.  Starvation  of  the  tissues,  and  the  accumulation  m  them  of 
metabolic  products  which  demand  from  the  vessels,  in  some  unknown 
way,  an  increased  ilow  of  lymph. 

In  some  cases,  one  of  these  factors  may  be  sufficient  to  bring  about 
the  oedema,  but,  in  the  great  majority  of  instances,  two  or  more  of  them 
are  acting  in  conjunction,  and  it  is  generally  impossible  to  assign  accurately 
t  he  relative  share  of  each  in  the  process.  Thus,  in  angio-neurotic  oedema, 
alteration  of  nervous  activity  is  an  insufficient  and  very  vague  explan- 
ation. Probably  alterations  in  general  muscular  activity,  changes  in  the 
blood  and  lymphatic  vessels  and  even  chemical  disturbances  of  a  complex 
character  play  a  part  in  the  process.  Similarly  the  oedema  of  urticaria, 
serum-administration,  etc.,  depends  on  various  factors,  some  of  which 
are  not  satisfactorily  understood.     We  consider  that,  though  more 

-ure  must  play  a  very  considerable  part,  it  cannot  be  allotted  the 
important  role  ascribed  to  it  by  some  of  the  older  writers.  One  of  the 
chief  factors  is,  we  believe,  the  presence  in  the  blood  and  in  the  tdfif 
of  substances  which,  in  default  of  a  better  term,  we  may  call  "  poisons  " — 
e.g.  metabolic  products,,  toxins,  ferments,  Lysins  (endothelial  and  other), 
antibodies,  etc.  These  act  by  causing  degeneration  and  b 
permeability  of  the  vascular  endothelium,  by  interference  with  lymphatic 
absorption,  by  disturbance  of  the  normal  osmotic  properties,  both  by 
alterations  in  the  fluid  and  the  osmotic  membrane,  and  also  by  degenerative 
and  other  effects  in  the  surrounding  tissi] 

Composition  of  Dropsical  Fluids. — The  amount  of  proteins  and  salts 
in  transuded  fluids  corresponds  approximately  with  that  in  the  blood- 
plasma.    Certain  substances  found  in  excess  in  the  blood-plasma, 

r.  bile,  uric  acid.  etc..  are  also  present  in  the  transuded  Lymph.    The 

transuded  fluid  is  always  more  dilute  than  the  blood-plasma     the  latter 

containing  about  91  per  cent,  of  water,  the  former  about  96  per  cent. 

The  composition  of  drop.-ical  fluids  varies  in  different  forms  of  09  lema. 
and   also   according  to   the   .situations   in    which   the   fluid   is   found.     In 

inflammatory  oedema,  the  specific  gravity  of  the  fluid  is  higher  and  the 
amount  of  proteins  greater  than  in  the  oe  Lema  following  venous  i 

ment.      Schmidt   has  pointed  out  that.  a>  d  rule,  the  proteins  in  a 

hydrothorax  or  an  a-  ater  in  amount  than  in  ;.  a  of  the 

subcutaneous  tissues. 
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The  following  tables  will  best  illustrate  these  points  : — 
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1.  Composition  of  various  Dropsical  Fluids  removed  simultaneously 
from  the  body  of  a  person  who  had  died  of  Albuminuria.     (C. 

Schmidt,  Hoppe-Seyler's  Physiol.  Chemie,  1877—79,  p.  607.) 


Fluid  from 

Pleural 

i  ity. 

Peritoneal 
Cavity. 

978-91 
21-09 

11-32 

9-77 

Subarachnoid            (Edema  of 
Space.                Extremlti 

Water             in  1000  parts 
Solid     matter     ,,           ,, 
Organic      ,,         ,,           ,, 
Inorganic  ,,         ,,           ,, 

963-95 

36-05 

28-50 

755 

9835  t                 988-Tn 
10*40                  11-30 

7-98                   :;•'•><> 
8-48                   7-70 

2.  Specific  Gravities  and  Percentages  of  Albumin  in  certain  Transudates. 

(Thoma,  Text-book  of  General  Pathology,  1896,  vol.  i.     Translation 
by  A.  Bruce.) 


Specific 
Gravity. 


Percentage  of 
Albumin. 


Peritoneal  effusion  in  nephritis 

Pleural  ,,  ,,  ... 

Peritoneal    effusion    in    general     venous     engorge 

raent         ....... 

Pleural  effusion  in  general  venous  engorgement 
Transudates    of    mixed    origin    from    subcutaneous 

tissue  of  lower  limbs  .... 


1-006 
1-007 

1-012 
1012 

1-007-1011 


0-56 


1-96 
L-30 


005-11 


CHRONIC  VENOUS   CONGESTION 

Obstruction  to  the  outflow  of  blood  from  a  part  may  be  local,  owing 
to  blocking  of  some  of  the  larger  veins,  but  this  rarely  leads  to  any  serious 
pathological  changes.  If  the  main  vein  of  an  organ  or  the  superior  or 
inferior  vena  cava  becomes  blocked,  destructive  and  degenerative  changes 
may  follow;  but  even  in  such  cases,  compensation  may  take  place  after 
some  time,  and  no  serious  permanent  damage  occur.  If,  on  the  other 
hand,  the  obstruction  to  the  circulation  is  "  central,"  and  causes  a  general 
slowing  of  the  venous  flow,  gradual  changes  occur  in  all  the  organs  of  the 
body,  which  may  lead  to  very  serious  derangement  of  their  functions. 
The  causes  of  general  venous  congestion  are  usually  to  be  found  in  the 
heart  itself  or  in  the  lungs,  and  the  most  important  central  cause  is  disease 
of  the  mitral  valve.  If  this  valve  becomes  incompetent  or  its  orifice 
stenosed,  the  blood  will  tend  to  accumulate  in  the  left  auricle,  free  exit 
of  blood  from  the  pulmonary  veins  will  be  prevented,  and  thus  the  whole 
vascular  system  of  the  lung  will  become  engorged.  The  right  ventricle 
has  to  work  against  this  increased  pressure  in  the  pulmonary  vascular 
system,  and  cannot  empty  itself  completely.  The  right  auricle  becomes 
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distended  with  venous  blood,  and  this  distension  tells  hack  on  I 

veins  which  open  into  it.    Venous  return  is  thus  hindered,  and  a  general 
distension   of  the   systemic   venous  .    results.    The   right    heart 

becomes  hypeitrophied  in  its  attempt  to  overcome  the  i  .  the 

vessels  of  the  lung,  and  it  may* to  a  certain  extei  ally  if  ti. 

valve  is  only  Btenosed,  and  not  incompetent,  be  able  to 
the  circulatory  disturbance  in  the  Lungs  and  reduce  h  to  a  minimum, 
hypertrophy  of  the  left  auricle  which  results  from  the  mitral  will 

exert  during  Bystole  a  certain  amount  of  "backward  pressure*'  on  the 
blood  in  the  pulmonary  veins;  but  this  backward  pressure  will  b« 


Fio.  33. — Lung,  shewing  varicosity  and  tfaiekening  of  alveolar  capilii 
in  chronic  venous  congestion.      >.  : 


to  a  greater  degree  if  the  left  auricle  is  kept  full  of  blood,  as  is  th< 
regurgitation  brought  about  by  incompetence  of  the  mitral  valve.  The 
result,  in  such  cases,  is  the  production  of  chronic  venous  congestion  in  the 
Lungs.  The  whole  of  the  pulmonary  vessels  become  dilated  and  their  walls 
much  thickened,  and  haemorrhages  may  occur  into  the  pulmonary  alveoli 
(fig.  33).    Degenerative   changes,  sometimes   advanced   in  are 

commonly  seen  in  the  branches  of  the  dilated  pulmonary   vessels— both 
veins  and  arteries.    Of  the  systemic  veins,  the  hepatic.  Bplenio,  and 

renal  air  most   affected.     In  such  cases,  the  livei  al\va\  i  chronic 

venous  congestion  in  a  marked  degree  (fig.  34).    This  is  due  to  the  very 

direct  and  close  connection  between  the  hepati  and  the  inferior 

vena   cava,   aided   by  the  l<»\v  pressure  in  the   portal   veins  and   by 
comparative  absence  of  valves  in  the  hepatic  veins.     Tie1  wide  and  open 
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network  of  sinuses  in  the  spleen,  its  circulatory  relationship  with  the  liver, 
and  the  length  and  tortuosity  of  the  splenic  vein,  explain  the  readiness 
with  which  venous  engorgement  takes  place  in  this  organ  (fig.  35). 
The  kidneys  also  tend  to  shew  chronic  venous  congestion  in  a  marked 
degree,  probably  owing  to  the  relatively  large  size  of  their  veins,  and  also 
to  the  complexity  of  the  arterial  circulation  of  these  organs.  Chronic 
venous  congestion  may,  of  course,  occur  in  other  organs  and  tissues,  and 
in  these  its  degree  may  vary  considerably.  This  Variation  is  generally 
dependent  on  the  presence  or  absence  of  factors  which  act  as  accessory 


Fig.  34. — Liver,  chronic  venous  congestion.  Section  on  left — early  stage,  shewing 
dark  areas  corresponding  to  the  dilated  central  vein  surrounded  by  engorged  capil- 
laries. Other  sections  shew  more  advanced  stage  with  a  greater  extent  of  vascular 
dilatation.     Note  also  the  larger  dilated  hepatic  veins. 


aids  or  hindrances  to  the  venous  return.  Of  these  the  most  important  is 
gravity.  In  addition,  however,  the  position  of  the  vessels,  the  condition 
of  their  walls,  and  the  nutrition  of  the  general  muscular  system  of  the 
body  must  be  considered.  If  the  vessels  are  poorly  supported,  and  if  their 
walls,  and  especially  their  muscular  coats,  are  degenerated,  dilatation, 
and  also  a  varying  degree  of  elongation,  are  very  liable  to  occur.  Mus- 
cular movement  is  an  important  factor  in  aiding  the  How  of  blood  through 
the  veins,  and  hence  the  value  of  moderate  exercise  in  conditions  leading 
to  local  stagnation.  Further,  the  driving  power  of  the  left  ventricle  is 
a  very  important  factor,  for  the  force  of  the  arterial,  determines  to  a  large 
extent  that  of  the  venous,  flow.  Respiratory  movements  also  act  by 
drawing  the  blood  into  the  large  venous  trunks,  and  thus  aiding  the 
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circulation  through  the  Lungs,  so  that,  if  the  respiration  Lb  embarrassed, 
venous  congestion  is  more  Liable  to  occur. 

The  Effects  of  Chronic  Venous  Obstruction  : 

(1)  On  the  larger  veins.  Collateral  circulation  Lb  very  slowly  Bel  up  in 
the  venous  system,  but,  when  it  does  occur,  it  is  almost  alwH 
in  amount.  The  newly  opened-up  channels,  as  well  as  those  originally 
present,  become  dilated  and  tortuous,  especially  where  the  veins  are  not 
well  supported — and  a  condition  of  varicosity  is  produced.  Tin-  is  well 
seen  in  the  lower  limbs.    The  distension  of  the  veins  is  always  irregular, 


Fig.  35. — Spleen,  chronic  venous  congestion.     The  tissue  is   firm  and  the  out 
edges  are  sharp  and  well  defined, 


and  this  distension  produces  incompetence  of  the  valves,  which  further 
increases  the  dilatation  and  obstruction.  The  action  of  gravity  aids 
this  to  a  considerable  extent.  In  the  larger  veins,  the  walls  become  much 
thickened — usually  irregularly  so.  The  muscular  coat  may  become 
hypertrophied,  and  later  fibrous,  and  the  inner  coat  thickened  and 
degenerated.  The  thickened  and  degenerated  areas  <>f  the  inner  coat 
may  shew  fatty  degeneration  and  calcification.  Inflammatory  reactions 
and  thrombosis  are  more  liable  to  occur  in  these  damaged  veins,  and  it 
is  not  uncommon  to  get  chronic  drope  esull  <>f  the  u 

combined  with  the  vascular  changes. 

('!)  On   the  Smaller  Veins  and  Capillaries.    The  thickening  <>f  the 
smaller  veins  is  more  general  and  more  uniform  than  that  usually 
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in  the  larger  ones,  and  is  mainly  confined  to  the  inner  coat.  In  the 
capillaries,  the  thickening  is  in  the  form  of  fibrous  laminae  around  the 
endothelium.  This  is,  in  all  probability,  a  proliferation  of  a  very  delicate 
pre-existing  layer  of  fibrous  tissue,  which  becomes  much  thickened  in 
some  advanced  cases. 

(3)  On  the  Nutrition  of  the  Tissues. — The  pressure  of  the  distended 
vessels  may  cause  atrophy  of  the  surrounding  tissues,  especially  if  these 
tissues  are  of  delicate  structure  and  highly  developed  functionally.  To 
some  extent  the  defective  nutrition  aids  in  this  wasting,  but  there  cannot 
be  the  least  doubt  that  the  important  factor  in  many  cases  is  direct 
mechanical  pressure.  This  is  well  illustrated  in  the  case  of  the  atrophy 
of  the  liver-cells  in  a  "  cardiac  "  liver,  where  the  cells  waste  and  disappear 
in  the  centre  of  the  lobules  first,  owing  to  the  fact  that  the  central  veins 
and  their  immediate  tributaries  from  the  lobule  sutler  to  the  greatest 
degree  from  engorgement  of  the  hepatic  veins  (figs.  36  and  37).  In  the 
skin  over  varicose  veins,  destructive  changes  frequently  occur,  causing 
the  so-called  varicose  ulcers.  Mechanical  pressure  is  here  again  the 
primary  agent,  though  alterations  in  nutrition  and  the  presence  of 
micro-organisms  also  play  a  very  important  part. 

In  the  spleen,  the  larger  veins  in  the  trabecule,  the  venules,  and  the 
venous  sinuses  become  greatly  distended,  and,  as  a  result  of  the  pressure 
thus  produced,  atrophy  of  the  lymphoid  cells  of  the  splenic  pulp,  and 
even  in  some  cases,  though  to  a  less  degree,  of  the  cells  of  the  Malpighian 
bodies,  takes  place.  In  the  kidney,  the  distension  is  specially  seen,  and 
its  effects  are  observed  in  the  venae  stellatae,  venulae  rectae,  the  interlobular 
veins,  and  the  glomerular  capillaries,  in  which  thickening  of  the  walls  is 
often  very  evident.  It  is  the  dilated  straight  venules  which  give  the 
characteristic  dark-red  striated  appearance  to  the  Malpighian  pyramids 
in  such  a  case  (figs.  38  and  39).  Changes  in  the  renal  epithelium,  though 
present,  are  not  a  marked  feature. 

Haemorrhage  from  the  dilated  veins  and  capillaries  is  apt  to  occur, 
especially  in  places  where  they  are  not  well  supported.  These  haemo- 
rrhages are  frequently  seen  in  the  lung,  e.  g.  into  the  alveoli  from  the 
distended  alveolar  capillaries,  or  into  the  bronchi  from  the  capillaries  in 
their  mucous  membrane.  In  the  kidney,  also,  small  haemorrhages  may 
occur  from  the  glomerular  capillaries,  and  the  blood  may  accumulate 
between  the  glomerular  tuft  and  Bowman's  capsule,  small  quantities 
being  found  clinically  in  the  urine. 

Organs  which  shew  chronic  venous  congestion  are  usually  moderately 
enlarged,  dark  in  colour,  and  firm  in  consistence,  and  generally  contain 
yellowish  pigment  derived  from  the  blood.  All  pathologists  are  agreed 
that  the  enlargement  and  the  dark-red  colour  are  due  to  an  overfilling 
of  the  venous  and  capillary  channels  with  venous  blood.  It  is  very 
commonly  taught,  however,  that  the  firmness  is  due  to  over-growth  of 
fibrous  tissue,  and  this  over-growth  is  attributed  to  the  increased  lymph- 
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FlG.  3G. — Liver,  early  stage  of  chronic  venous  congestion,  shewing  dilatation  of  central 
vein  and  capillaries,  with  deposit  of  blood-pigment.     X50. 


Fig,  37.— Liver,    ehionic    venous    congestion — advanced    stage — shewing    atrophi 

liver-colls  at  the  centres  oi  the  lobules,     tolls  round  at  healthy. 

The  palo  areas  represent  the  atrophied  liver-colls.      X30. 
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supply  favouring  the  growth,  of  connective  tissue.  Microscopical  ex- 
amination shews  that  in  certain  cases,  and  especially  in  certain  organs, 
e.  g.  the  lungs,  there  is  an  increase  of  fibrous  tissue ;  but  this  is  by  no 
means  common  in  the  other  organs  in  which  chronic  venous  congestion, 
even  in  an  extreme  degree,  exists.  In  the  liver,  in  the  majority  of  cases 
of  "  cyanotic  induration,"  fibrous  over-growth  is  confined  almost  entirely 
to  the  walls  of  the  vessels.  In  the  spleen,  fibrous  thickening  is  also 
mainly  in  the  Avails  of  the  venules  and  venous  sinuses,  though  there 


Fig.  38. — Kidney,  shewing  dark  lines  of  chronic  venous  congestion 
in  the  intertubular  veins.     X  00. 


usually  is,  in  addition,  some  thickening  of  the  trabeculse,  but  not  more 
than  would  necessarily  be  produced  by  the  increased  strain  on  these 
structures.  In  the  lungs,  fibrous  over-growth  frequently  occurs  in  the 
indurated  areas,  and  especially  along  the  lines  of  the  lymphatics.  This 
over-growth  is  generally  in  proportion  to  the  amount  of  blood-pigment 
and  carbon-particles  in  the  lymphatics,  and  may  be  explained  by  the 
chronic  irritation  caused  by  the  pigment.  It  is  analogous  to  the  fibrous 
over-growth  seen  in  anthracosis,  silicosis,  etc.  Thus,  to  a  large  extent, 
the  hardness  and  firmness  of  the  organs  must  be  attributed  to  an 
overfilling  of  the  venous  and  capillary  channels. 
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It  has  already  been  stated  that  atrophy  of  the  parenchymatous  or 
special  functioning  oells  of  the  organ  occurs  in  loi  ling  chronic 

venous  congestion.  This  ifl  especially  Been  in  the  liver  in  the  condition 
known  as  "cyanotic  atrophy,"  where  the  majority  of  the  cells  are 
destroyed,  and  the  organ  shrinks  irregularly  and  bei  orach  smaller 

than  natural.     This  at  inphy  may  also  be  seen  in  t  he  capillary  system  ;  but 
in  this  case  it  is  the  atrophy  oi  disuse  rather  than  the  atrophy  doe  to 
arc. 


19.— Kidney,  chronic  venous  congestion,  shewing  dilated  intertubolar 
.  and  also  dilated  capillaries  in  glomerulus.  I 


Hypostatic  Congestion.-- This  term  is  specially  used  for  a  condition 
in   which  certain  dependent  of  the   body,   particularly  the   1 

of  the  Lungs,  become  engorged  with  blood,  and  cedematous.  Colla 
and  frequently  patches  of  consolidation,  bronoho-pneumonic  in  type, 
are  associated  with  these  changes  in  the  lungs,  and  then  the  term  hypo- 
static pneumonia  is  applied  to  the  condition.  These  oha  en  in 
debilitating  diseases  of  all  kinds,  especially  where  the  patient  is  con- 
fined to  \n>i\.    The  production  of  such  lesions  is  aided  by  gravity,  but 

there  are  many  other  factors  at  work.     Deficient   expansion  of  the  h: 
Combined  with  weakened  action  of  the  respiratory  mi.  an  onavoid- 
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able  consequence  of  the  recumbent  position,  and  congestion  and  collapse 
are  therefore  liable  to  occur.  The  collapse  is  aggravated  by  catarrhal 
secretions,  which  gravitate  to  the  lower  lobes  of  the  lungs,  especially  if 
bronchitis  is  present.  Distension  of  the  stomach  and  intestine  may 
interfere  with  the  proper  action  of  the  diaphragm.  The  congestion  is 
helped  by  a  weak  circulation  in  cases  where  the  heart  is  acting  feebly. 
All  these  agencies  play  their  part  in  the  production  of  the  condition. 

THROMBOSIS 

Under  the  term  thrombosis  we  include  all  forms  of  coagulation  of  the 
blood  in  the  heart  or  vessels,  and  in  cavities  and  dilatations  connected 
with  these  during  life,  the  resulting  mass  being  known  as  a  thrombus. 

The  occurrence  of  thrombosis  depends  on  several  factors,  the  principal 
one,  however,  being  the  presence  of  any  inequality  or  irregularity  in  the 
walls  of  the  heart  or  vessels ;  or,  what  amounts  to  very  much  the  same 
thing,  the  presence  of  any  foreign  body  in  contact  with  the  blood.  This 
factor  is  aided  by  a  slowing  of  the  blood-stream  from  any  cause,  and  also 
by  alterations  in  the  blood  itself,  or  by  the  presence  in  it  of  abnormal 
substances,  as,  for  example,  certain  toxins,  e.  g.  those  of  the  pneumococcus. 

Under  normal  circumstances,  i.  e.  with  healthy  vessels,  a  normal  rate 
of  blood-flow,  and  with  blood  in  a  normal  condition,  no  coagulation 
takes  place  within  the  vessels  or  the  heart ;  but,  if  there  is  an  upsetting 
of  this  balance  by  one  or  more  of  these  factors  getting  out  of  order, 
thrombosis  may  then  occur.  If  the  vessel-wall  is  injured,  or  if 
irregularities  are  produced  in  it  by  disease,  the  blood-flow  is  impeded, 
and,  in  addition,  certain  formed  elements  of  the  blood  tend  to  adhere 
to,  and  accumulate  on,  these  damaged  parts.  Again,  irregularities  in 
the  vessel-wall  may  cause  eddies  in  certain  places,  and  in  these  thromb- 
osis is  very  apt  to  supervene.  Further,  if  there  is  disturbance  of  the 
normal  blood-flow  from  disease  of  the  heart,  or  on  account  of  narrowing 
of  the  vessels  by  pressure  from  without,  e.  g.  by  tumours,  coagulation 
may  occur.  This,  howrever,  is  more  likely  to  take  place  if  there  are,  in 
addition,  irregularities  caused  by  disease  in  the  walls  of  the  vessels, 
especially  in  the  inner  coat.  Thrombosis  in  the  vessels  or  heart,  due  solely 
to  a  pathological  condition  of  the  blood  itself,  or  to  the  presence  in  it  of 
abnormal  substances  which  aid  coagulation,  may  also  be  produced. 

Varieties  of  Thrombi. — Thrombi  are  usually  divided  into  twro  varieties, 
the  red  and  the  pale  or  white,  which  differ  not  only  in  colour,  but  also  in 
their  mode  of  formation. 

Red  Thrombi. — These  are  formed  in  cases  where  there  is  rapid  coagula- 
tion of  the  blood  from  any  cause;  and,  in  their  method  of  formation. 
they  are,  for  all  practical  purposes,  identical  with  the  clotting  which 
takes  place  outside  the  body.  This  clotting  is  duo  to  the  formation  of 
insoluble  fibrin    by  the  action  of    fibrin-ferment    on    fibrinogen.     The 
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fibrin-ferment  results  from  the  reaction  between  prothrombin,  thrombo- 
kinase  and  calcium  salts.  The  prothrombin  and  calcium  salts  are  normally 
present  in  the  blood,  the  thrombo-kinase  may  arise  from  the  broken-up 
leucocytes  or  blood-plates  and  also  from  the  tissiu 

Thrombo-kinase,  or  ferments  of  a  similar  nature  and  probably  having 
the  same  action,  are  found  in  the  walls  of  vessels,  in  the  liver  and  in 
various  other  tissues  of  the  body,  and,  it  is  possible,  that,  in  deetrui 
or  degenerative  changes  in   such  situations,  these  ferments    may    be 
liberated  and  aid  in  coagulation  or  even  in  thrombus-formation  du 
life.   Thrombo-kinase  is  not  found  in  the  circulating  blood.   These  clots  are 
formed,  e.g.  in  the  heart  immediately  after  death,  or,  it  may  be,  e 
in  the  process  of  dying,  where  the  circulation  is  in  an  extremely  feeble 
condition.     In  the  blood-vessels,  where  there  has  been  sudden  arrest  of 
the  blood-stream,  they  may  also  be  seen  as  an  extension  of  a  pale  thrombus. 
These  clots  are  usually  large,  and  may  completely  fill  the  chamber  of 
the  heart  or  the  lumen  of  the  vessel  in  which  they  have  been  formed. 
They  are  composed  of  masses  of  fused  red  corpuscles,  with  leucocytes 
entangled     among    them,     and    with    fibrin-threads    very    irregularly 
arranged. 

Pale  Thrombi. — In  speaking  of  pale  thrombi,  it  must  be  clearly  under- 
stood that  we  refer  to  those  which  are  pale  from  the  beginning,  and  which 
have  been  slowly  formed;  and  we  must  distinguish  between  these  and 
the  red  thrombus  which,  by  decolorisation,  has  become  pale  some  time 
after  its  formation;  and  also  the  pale,  often  yellowish-coloured,  trans- 
lucent, soft  clot,  sometimes  described  as  "  chicken-fat  "  clot,  that  is 
met  with  very  frequently  in  the  heart  at  a  post-mortem  examination, 
and  which  is  formed  by  a  coagulation  of  the  serum  after  a  partial 
separation  of  the  erythrocytes. 

The  true  "  pale  "  thrombus  is  usually  of  an  opaque,  dull-white  colour, 
firm  in  consistence,  and  very  often  more  or  less  adherent  to  the  wall  of 
the  vessel  or  to  the  endocardium.  It  is  now  generally  accepted  by 
pathologists  that  these  pale  thrombi  are  primarily  and  essentially  com- 
posed of  blood-platelets.  We  do  not  propose  entering  into  the  contro- 
versy which  has  been  waged  about  the  question  of  the  origin  and  nature 
of  these  blood-platelets.  We  are  not  specially  concerned  here  as  to  their 
mode  of  formation,  but  that  they  are  definite  formed  elements  of  the 
blood  seemfl  beyond  dispute.  They  are  minute,  discoid  bodies,  measuring 
from  2  to  2*5  //  in  diameter,  highly  retractile,  and  having,  in  blood  with- 
drawn from  the  body,  a  great  tendency  to  run  together  into  irregular 
ses.  In  these  masses,  the  outlines  of  the  individual  platelets  are  very 
soon  lost.  In  their  staining  reactions  they  resemble  the  nucleo-proteins. 
and  it  is  quite  possible  thai  t  hey  may  be,  in  pari .  the  Booroe  of  the  nucleo- 
protein  (prothrombin)  which,  acting  in  conjunction  with  the  fibrin* 
and  calcium  salts  normally  present  in  the  circulating  blood,  brings  about 
the  formation  of  fibrin  and  produces  coagulation. 
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Scheme   (after  Halliburton,  Handbook  of  Physiology,  p.  451, 
15th  edition,   1920). 

Prothrombin  Thrombokinase 

or  Thrombogen  (An  activating  agent 

(derived  from  the  platelets  and,  shed  from  the  formed  elements 

to  a  less  degree,  from  of  the  blood-leucocytes  and  platelets 

""»= — rj^n— '■ 

In  the  presence  of  soluble  Calcium  Salts  (normally  present  in  the 

I  blood-plasma). 

pre-existing  in  the  plasma).  Thrombin  or  Fibrin-ferment 

_  | 

Fibrin  (an  insoluble  protein  produced  by  the  action  of 
thrombin  on  fibrinogen). 

Thrombo-kinase,  in  the  presence  of  Calcium  Salts,  activates  thrombo- 
gen or  prothrombin  in  such  a  way  that  an  active  enzyme,  Thrombin, 
is  produced. 

Whatever  be  their  source,  and  whatever  be  their  special  function,  it 
is  beyond  dispute  that  the  blood-platelets  play  the  most  important  part 
in  the  formation  of  thrombi,  and,  for  this  reason,  they  have  sometimes 
been  called  thrombocytes.  Zahn  has  shewn  experimentally  that,  if  the 
wall  of  a  vessel  be  injured,  certain  of  the  formed  elements,  especially 
the  leucocytes,  fall  out  into  the  peripheral  stream,  which,  in  the  normal 
condition,  is  free  from  these  elements ;  and  further,  that  these  leucocytes 
adhere  to  the  vessel- wall  at  the  site  of  the  injury.  On  these  experiments, 
he  based  the  view  that  the  leucocytes  were  the  principal  factors  in 
thrombus  -formation . 

Bizzozero  introduced  a  bundle  of  glass-threads  into  a  stream  of  blood 
which  was  allowed  to  flow  freely  from  a  severed  artery,  and  he  found 
that  the  threads  became  covered  with  a  mass  of  fused  platelets,  which 
had  all  the  appearances  of  a  pale  thrombus. 

Eberth  and  Schimmelbusch  shewed  that,  if  a  vessel  be  compressed  in 
such  a  way  that  the  endothelium  is  injured,  or  if  the  endothelium  be 
injured  by  chemical  means,  and  at  the  same  time  the  blood-flow  be 
retarded,  an  accumulation  of  blood-platelets  takes  place  on  the  injured 
area.  They  shewed  that,  with  retardation  of  the  blood-flow,  the  leuco- 
cytes, as  Zahn  and  Cohnheim  had  demonstrated,  pass  from  the  axial 
to  the  peripheral  stream,  but  that,  on  further  retardation,  the  blood- 
platelets  fall  out,  while  many  of  the  leucocytes  return  to  the  more  central 
part.  With  still  further  slowing  of  the  stream,  the  blood-platelets 
accumulate  in  great  numbers  towards  the  periphery.  To  any  roughened 
or  injured  part  of  the  lining  of  the  vessel  these  platelets  adhere  in  great 
numbers,  and  become  fused  together,  or  "  conglutinate."  This  process, 
according  to  these  observers,  is  the  basis  of  thrombus-formation.  They 
maintain  that  the  blood-platelets,  by  their  disintegration,  liberate  a 
fibrin-ferment;  and,  as  a  result,  fibrin  and  more  platelets  are  deposited 


140 


GEXKIIAL   PATHOLOGY 


upon  the  primary  mass.    Tims,  layer  by  layer,  the  thrombus  increases 
in  size.    They  hold  that  the  leue<  eytee  and  the  ted  blood-corpuscles  play 
an  entirely  passive  part,  and  merely  become  entangled  in  the  incre; 
thrombus.    In  support  of  the  blood-platelet,  as  opposed  to  the  lenoi 
hypothesis,  the  experiments  of  Kemp  and   Calhoun  !  are  of  in i] 
They  removed  a  portion  of  the  Mood  of  an  animal,  partially  defibrii 


•    •         •      •  • 
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Fig.  40. — Diagram  of  Thrombus-formation. 

a.  a.  Normal  blood-stream. 

b.  b.  Slowing  of  stream — Leucocytes  at  periphery. 

,,  Leucocytes  and  blood-plutelet>  at  the  periphery. 

d.  d.  „  Blood -platelets  accumulating  in  great  mini  I 

The  increasing  dilatation  of  the  yweh  ii  al>u  shewn. 


it,  and  reintroduced  it  into  the  vessels  of  the  same  animal.     This  they 
repeated  from  six  to  ten  times  till  the  blood  no  longer  coagulated.     They 
found  that  the  platelets  diminished  progressively  with  each  defibrination, 
and  disappeared  entirely  when  the  blood  was  no  longer  ooagulable.     I  ' 
the  other  hand,  leucocyte-  were  always  present.    Tb  -  to  be  little 

doubt  that  the  view  of  Eberth  and  Schimmelbusch  is  the  correct  one. 
The  various  changes  can  be  Been  in  after  ligature,  and  we  have 

1  Kemp  and  Calhoun,  British  Med,  Jour.,  1901,  vol.  ii.  p.  1 
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ourselves  observed  the  various  stages  of  the  process  as  it  occurs  in  the 
thrombosed  veins  of  experimental  infarction  of  the  kidney.  In  some 
of  the  vessels  the  thrombus  consists  wholly  of  fused  blood-platelets,  and 
in  others,  where  the  thrombosis  is  well  advanced,  the  leucocytes  can  be 
seen  practically  unaltered.  These  observations  were  made  on  numerous 
specimens  which  we  have  been  enabled  to  examine  through  the  kindness 
of  the  late  Professor  Greenfield  of  Edinburgh,  and  we  have  fully  confirmed 
the  observations  which  he  himself  has  made  on  this  subject. 

The  characters  and  situations  of  thrombi,  and  the  conditions  under 
which  they  occur,  will  be  most  conveniently  dealt  with  if  the  three 
important  sites  —the  heart,  the  veins,  and  the  arteries — are  treated 
separately. 

The  Heart. — Clotting  of  blood  in  the  various  chambers  of  the  heart 
is,  of  course,  a  usual  occurrence  after  death,  and  it  is  important  to  dis- 
tinguish between  these  true  post-mortem  clots  and  clots  formed  before 
death,  or  even  during  the  period  of  dying.  The  post-mortem  clots  are 
either  dark  in  colour,  or  they  may  be  combined  with  pale  or  yellowish- 
coloured  coagulum.  This  latter  is  most  commonly  found  lying  on  the 
surface  of  the  dark  clot,  and  is  due,  as  already  stated,  to  coagulation  of 
the  serum  from  which  the  red  blood-corpuscles  have  been  separated. 
The  post-mortem  clots,  of  whatever  colour,  are  very  easily  broken  down ; 
the  ante-mortem  thrombi  are  pale  in  colour,  opaque,  tough,  and  very 
stringy,  and  may  be  adherent  to  or  entangled  in  the  muscular  columns  of 
the  heart-wall.  In  some  cases,  e.  g.  the  ball-thrombi,  they  may  He  quite 
free  in  the  cavities  of  the  heart.  During  the  act  of  dying,  especially  if 
the  period  of  heart -failure  has  been  prolonged,  clots  may  form  in  various 
chambers  of  the  heart,  and  especially  on  the  right  side.  These  are  pale 
or  yellowish  in  colour,  and  somewhat  opaque ;  they  are  fairly  tough,  and 
also  somewhat  stringy.  They  may  be  loosely  attached  to  or  entangled 
with  some  part  of  the  heart.  These  are  very  commonly  continuous  with 
definite  post-mortem  clot  on  the  one  side,  and  on  the  other  with  firmly 
adherent  ante-mortem  thrombus,  either  in  the  auricular  appendices,  or 
in  the  auricles  or  ventricles  behind  a  flap  of  a  valve,  or  entangled  between 
the  columnae  carnese.  It  is  often  difficult  to  definitely  classify  these 
so-called  "  agony  "  clots.  They  differ  to  a  certain  extent  in  different  cases, 
and  appear  to  be  stages  in  the  formation  of  true  ante-mortem  thrombi. 
They  are,  as  has  been  already  stated,  probably  formed  during  the  act  of 
dying,  and  the  more  prolonged  the  period  of  heart  failure  is,  the  nearer 
they  are  in  structure  to  the  true  ante-mortem  thrombus.  These  "  inter- 
mediate "  clots  are  frequently  attached  to  some  ante-mortem  thrombus  in 
the  right  auricular  appendix,  and  tend  to  spread  downwards  through 
the  tricuspid  orifice  towards  the  apex  of  the  right  ventricle,  where  they 
are  frequently  entangled  in  the  muscular  bands.  They  ma}'  then  pass 
upwards  for  a  varying  distance  into  the  pulmonary  artery.  They  are 
well  seen  in  cases  in  which  death  has  been  caused  by  pneumonia.     These 


142  GENERAL  PATHOLO 

clots,  on  miorosoopioa]  examination,  aie  found  to  ely  of  fibrin- 

threads  and  entangled  leucocytes,    The  true  n  thrombi  of 

heart  are  most  commonly  found  al  wing  of  the 

blood ->t  ream  or  where  eddies  form.    The  auricular  appendio  tally 

the  right  appendix,  are  by  far  the  commonest  sit  f  aze  also  found 

entangled   in   the   columme  earneaj  of  the    \  particularly 

towards  the  apex.    They  are  specially  well  Been  if  there  baa  been  previous 

damage  to  the  heart-wall,  e.g.  over  the  endocardial  surface  of  an  infarc- 
tion of  the  heart  which  has  not  proved  immediately  fatal.  times 
large  ball-thrombi  arc  found  in  the  left  auricle  in  cases  of  mitral 

/(em  thrombosis  frequently  occurs  on  valves  which  are  the  seat 
of  inflammatory  changes  or  of  chronic  fibroid  thickenings.    These  so- 
called  vegetations  are  composed  almost  wholly  of  fused  blood-plat« 
firmly  adherent  to  the  diseased  valve.     The  superficial  parts  ma. 
very  friable,  and  are  often  crowded  with  micro-organisi 

Veins. — Thrombosis  during  life  is  very  common  in  the  veins  (see  fig. 
2G6,  p.  561,  Special  Pathology).  It  results  from  two  main  can 
(a)  slowing  of  the  blood-stream;  and  (b)  dilatation, tortnoeity,  and  other 
diseased  conditions  of  the  vessels.  The  thrombus  very  commonly 
commences,  as  an  accumulation  of  blood-platelets,  in  the  pouch  of  one 
of  the  valves,  or  at  a  part  of  the  wall  which  has  been  injured.  By 
the  gradual  accretion  or  conglutination  of  platelets,  the  mass  increases 
in  size  until  it  blocks  the  lumen.  Then  follow  rapid  coagulation 
and  formation  of  red  clot,  this  latter  extending  up  to  the  junction  of 
the  first  large  vein.  At  this  point  the  clot  causes  obstruction,  further 
coagulation  follows,  and  extensive  progressive  thrombosis  may  result. 
Thus,  thrombosis  commencing  in  one  of  the  superficial  veins  of  the 
foot,  may  extend  so  as  to  fill  the  whole  femoral  vein,  and  may  i 
be  prolonged  through  the  iliac  veins  to  the  inferior  vena  cava.  In  I 
cases  of  extensive  thrombosis,  the  starting-point  may  have  been  a  slight 
injury  to  the  vein ;  but  the  spread  is  very  often  due  to  a  weakened  con- 
dition of  the  heart's  action,  favoured,  no  doubt,  by  general  debility, 
and,  it  may  be,  by  a  pathological  condition  of  the  blood  itself.  The 
uterine  veins  may  be  the  starting-point  of  very  extei  l  throm- 

bosis. The  thrombi  formed  in  cases  of  general  debility  are  called  marantic 
thrombi.  We  believe,  however,  that  many  of  these  so-called  marantic 
thrombi  are  really  due  to  the  presence  in  the  blood  of  abnormal  products 

of  metabolism  or  toxic  products  from  bacteria.  wMch  act.  not  merely  by 
damaging  the  vascular  walls,  but  also  by  causing  alterations  in  the 
coagulative  power  of  the  blood.  It  has  been  shewn  experimentally 
that  the  injection  of  peptone,  of  various  tissu  and  of  b 

animal  poisons,  brings  about  coagulation.     I  ial  toxn  dally 

the   toxin    produced    by    growth   of   the    P ••  may   also   cause 

ulation.    Exactly  how  these  bodies  act  we  do  aoi  know,  but  w 

strongly  of  opinion  that  this  aspect  of  the  thron  :<>blem  i 
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considerable  importance,  and  has  been  too  much  neglected,  because 
of  the  emphasis  which  has  been  laid  on  the  more  simple  mechanical  view. 

Arteries. — Local  thrombosis  on  roughened  or  degenerated  patches  in 
arteries  is  not  uncommon,  but  complete  obstruction  is  rare.  Where  the 
lumen  of  the  artery  has  been  very  much  narrowed,  as  in  some  cases  of 
atheroma,  the  obstruction  to  the  blood-stream  may  be  so  great  that 
complete  thrombosis  may  occur.  This  is  sometimes  seen  in  the  cerebral 
arteries.  Thrombosis  most  frequently  occurs  in  aiteries  where  there  has 
been  complete  obstruction  by  means  of  an  embolus,  and  in  these  cases 
the  thrombus  usually  spreads  to  the  first  collateral  branch.  Even  after 
ligature  of  an  artery,  the  thrombus -formation  may  be  very  slight,  a  small, 
pale,  conical  thrombus  being  seen  on  the  proximal  side  of  the  ligature. 
On  the  distal  side,  the  clot,  if  present,  is  of  the  red  variety.  Further,  in 
arteries,  the  thrombus  formed  may  be  to  a  considerable  extent  absorbed. 
It  may  become  adherent  at  one  side,  and  the  lumen  may  be  patent  on 
the  other.    Such  thrombi  are  described  as  parietal. 

Capillary  thrombosis  is  frequently  seen  in  inflammatory  conditions, 
and  is  most  commonly  toxic  in  origin. 

Thrombosis  in  aneurisms  and  the  formation  of  laminated  clot  will  be 
described  under  Diseases  of  Vessels  (p.  555,  Special  Pathology). 

Subsequent  Changes  in  a  Thrombus. — A  thrombus,  as  has  already 
been  indicated,  may  become  wholly  or  partially  absorbed.  This  is 
brought  about  mainly  by  an  invasion  of  it  by  young  vessels  and  connective- 
tissue  cells,  which  gradually  absorb  and  replace  the  coagulum.  The 
process  is  the  same  as  that  which  takes  place  in  the  healing  of  a  wound, 
and  will  be  fully  described  under  Repair.  The  thrombus  may  soften  and 
break  down,  especially  if  bacteria  are  present,  and  in  this  way  it  may 
give  rise  to  emboli  in  various  parts  of  the  body.  Further,  a  thrombus 
may  become  calcified  and  produce  in  the  veins  the  so-called  "  phleboliths." 

ARTERIAL    OBSTRUCTION 

If  an  artery  is  obstructed,  either  partially  or  completely,  anamua  of 
the  area  supplied  by  the  artery  is  produced.  This  local  anaemia  is  usually 
designated  by  the  term  ischaemia.  If  the  obstruction  is  partial,  or  more 
especially  if  it  is  temporary,  very^  slight  nutritive  changes  may  be  pro- 
duced. More  serious  results  follow  from  complete  obstruction,  and  it  is 
to  these  especially  that  reference  will  now  be  made. 

The  obstruction  may  be  caused  in  various  ways,  and  it  will  be 
convenient,  at  this  point,  to  deal  with  these. 

1.  Changes  in  the  Wall  of  the  Artery  Itself.— The  lumen  of  the  artery 
may  become  much  narrowed  by  excessive  contraction  of  its  muscular 
coats,  or  by  proliferative  or  degenerative  changes,  especially  in  the 
inner  coat.  The  former  may  be  brought  about  by  excessive  stimulation 
of  the  vaso-constrictor  nerves.     This  rarely  gives  rise  to  serious  nutritive 
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disturbances.    Sometimes,  howe  in  Raynaud's  di  there  the 

vaso-constrictor  irritation  is  constantly  rep 

Contraction  of  the  muscular  coat  may  also  be  brought  about  by 

direct  action  of  electrical  stimulation  upon  the  muscle-cells,  by  i 

heat  or  cold,  and  also  by  certain  poisons.  e.g.  lead,  ergot,  and  suprai 

extract.     The  prolonged  administration  BOmeti] 

very  serious  damage;  but,  apart  from  this,  musculai 

by  these  agents  is  not  commonly  sufficient  of  it  sell  to  bring  aboul  < 

plete  obstruction,  though  some  of  them—  e.  g.  lead — by  causing  proloi 

partial  obstruction,  may  be  directly  the  cause  of  atrophy  and  necro 

The  proliferative  and  degenerative  changes  in  the  walls  of  the  art.  i 
such  as  are  found  in  atheroma  or  in  syphilitic  disease,  rarely,  of  them- 
selves, give  rise  to  complete  obstruction;  but  the  narrowing  and  the 
degenerative  changes  combined  are  very  frequent  causes  of  thrombosis, 
and  thus  the  partial  obstruction  may  be  made  complete. 

2.  Compression  of  the  Artery  from  without,  e.g.  by  a  ligature  or  by  a 
tumour:  or  infiltration  of  the  wall  by  new  growth. 

3.  Obstruction  of  the  Lumen  by  a  thrombus  formed  locally,  or  1» 
thrombus,  clot,  or  foreign  body  carried  from  some  distance.    This  is  by 
far  the  commonest  cause  of  complete  arrest  of  the  arterial  supply.     Ob- 
struction by  a  clot  or  foreign  body  carried  from  a  distance  is  known  as 
embolism,  and  the  obstructing  body  as  an  embolus. 


EMBOLISM 

The  commonest  emboli  are  those  composed  of  vegetations  or  thrombi 
which  have  become  detached  from  the  aortic  and  mitral  valves  of  the 
heart.  Sometimes  portions  of  a  thrombus  in  a  chamber  of  the  heart  or  in 
an  artery  or  vein,  or  fragments  of  clots  formed  on  atheromatous  patches 
in  the  aorta  or  other  large  artery,  become  detached  and  give  risi 
emboli.  The  embolus,  from  whatever  source  it  comes,  is  carried  by  the 
blood-stream  until  it  reaches  an  artery  whose  diameter  is  less  than  that 
of  the  embolus,  and  there  it  becomes  impacted,  such  impaction  often 
occurring  at  the  bifurcation  of  a  vessel.  After  impaction,  it  may  be 
broken  up  and  the  smaller  pieces  carried  further  into  the  and 

thus  one  form  of  multiple  embolism  may  result.    This  is  specially  the 
case  if  the  embolus  is  septic,  i.e.  contains  bacteria.    The  obstruction  in 
the  artery  may  be  at  once  complete  ;  or  if  not.  it  usually  soon  become 
by  the  occurrence  of  thrombosis,  which  may  Bpread  for  a  considerable 
distance  forwards  in  the  artery,  and  also  backwards  to  the  first  collat 
branch. 

In  addition  to  the  emboli  formed  from  'ions  or  thrombi 

times,  though  much  more  rarely,  embolism  results  from  the  blocku 
arteries  by  air,  by  fat,  tumour-  or  other  cells,  and  by  animal  or  vegetable 
parasites. 
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AIR-EMBOLISM. — This  is  extremely  rare.  Sometimes,  during  a 
surgical  operation,  when  large  veins  in  the  neck,  near  the  thorax,  are 
opened,  considerable  quantities  of  air  may  be  aspirated  into  the  heart. 
and  death  from  air-embolism  may  occur.  In  such  cases,  air-bubbles 
are  found  in  the  large  veins  near  the  heart,  in  the  right  auricle  and 
ventricle,  and  in  the  pulmonary  capillaries.  During  the  giving  of  intra- 
venous injections,  e.g.  of  saline,  salvarsan.  etc.,  great  care  must  be 
taken  to  avoid  the  accidental  injection  of  air  from  the  tubing  or  other 
parts  of  the  apparatus  employed.  A  few  stray  bubbles  are  usually  of 
little  account  and  are  rapidly  absorbed,  but  serious,  and  even  fatal, 
results  have  followed  the  accidental  ingress  of  larger  amounts  of  air  in 
such  cases. 

Hill  and  Macleod  1  shewed  that  if  animals  were  subjected  to  the  action 
of  compressed  air  for  varying  periods  and  quickly  decompressed,  bubbles 
of  gas  could  be  seen  in  the  blood-vessels,  heart,  liver,  etc.  They  deduced 
from  this  that  the  symptoms  of  caisson-sickness  are  caused  by  air- 
embolism,  and  based  this  conclusion  on  the  fact  that,  during  compression, 
the  gases  in  the  blood  greatly  increased  in  amount,  and  that  during 
decompression,  if  this  was  too  rapid,  the  gas  quickly  escaped  in  the  form 
of  bubbles. 

The  presence  of  gas-bubbles  in  the  blood  and  in  the  viscera,  e.g.  the 
liver,  sometimes  seen  post  mortem,  is  due,  in  the  great  majority  of  cases, 
not  to  air-embohsm,  but  to  the  production  of  gas  in  the  body  by  some 
of  the  bacteria  specially  concerned  in  the  processes  of  decomposition. 
Even  in  cases  where  the  gas-bubbles  have  been  found  within  an  hour 
after  death,  careful  examination  has  proved  the  presence  of  these  bac- 
teria. One  of  the  chief  members  of  this  group  is  B.  aerogenes  capsulatus 
(B.  perfringens). 

FAT-  OR  OIL-EMBOLISM.— Some  writers  maintain  that  this  is  a 
common  form  of  embolism.  Fractures  of  long  bones  with  laceration  of 
the  bone-marrow,  forcible  manipulation  of  bones  in  the  attempt  to 
break  down  adhesions,  lacerations  and  contusions  of  adipose  tissue,  and 
injuries  to  the  liver,  etc.,  are  all  stated  to  be  causal  factors.  That 
embolism  does  occur  in  these  instances,  and  especially  after  fractures 
of  long  bones,  must  be  admitted;  but  we  believe  that  these  cases  are 
very  rare.  The  fat  gets  into  the  veins,  is  carried  to  the  right  side  of 
the  heart,  and  thence  to  the  pulmonary  capillaries,  where  it  can  be 
demonstrated. 

Accumulations  of  fat  filling  capillaries  in  the  lung,  and  more  rarely 
in  the  kidneys,  are  sometimes  found  in  diabetes  mellitus;  and  in  this 
disease  minute  oil-globules  may  appear  in  the  blood-plasma.  In  very 
advanced  fatty  degeneration  of  the  liver-cells,  e.g.  in  delayed  chloroform- 
poisoning  or  in  phosphorus-poisoning,  the  occurrence  of  d  t  fat  in 
the  capillaries  of  the  lung  has  been  described.     Though  it  is  quite  certain 

1  Journal  of  Hygiene,  vol.  hi.,  1903,  Xo.  3,  p.  401. 
10 
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that,  in  these  very  advanced  cases,  fatty  degeneration  takes  place  in  the 

endothelial  cells  of  the  capillaries  in  the  various  organs  of  the  body 
the  larger  accumulations  seen  in  the  lungs  cannot,  we  think,  be  wholly 
attributed  to  the  local  production  of  fat,  but  much  of  it  must  be  brought 
in  the  form  of  emboli  from  elsewhere,  and  we  consider  that  the  liv< 

the  main   source  of  supply.    The   Lung  in   fat-embolism  Bhews  small. 
irregular,  pneumonic  patches  and  multiple  small  ecchyn  th  in  its 

substance  and  immediately  under  the  pleura.     The  appearance  is  very 
similar  to  that  seen  in  early  acute  septic  infection  of  the  lungs. 


Fig.  41. — Fat-embolism    of    Lung,    shewing   fat-globules    (black)   in    the 
capillaries.    Stained  with  oemic  acid.     xOO. 


EMBOLI  OF  TUMOUR-FRAGMENTS,  OR  OF  FRAGMENTS  OF 
TISSUE  derived  from  the  liver  in  rupture  or  degeneration,  from  the 
bone-marrow  in  leukaemia,  or  from  the  placenta,  arc  wry  uncommon, 
except  those  consisting  of  tumour-cells  which  gain  entrance  to  the 
circulation  by  erosion  of  the  wall  of  an  artery  or  a  vein.  Usually  i 
are  very  small,  but  occasionally  tumour-fragments  of  larger  bu  i  rand 

impacted  in  some  of  the  arteries.    Such  larger  emboli  are  Bometii 
in    branches   of  the   portal   vein   in   the   liver.      After   impaction,   t 
tumour-cells  may  undergo  proliferation  and  -ji\  batio  new 

growths. 

EMBOLI  COMPOSED  OF  ANIMAL  AND  VEGETABLE  PARASITES. 

— The  most  important  of  these  are  the  septic  emboli  which  contain 
pathogenetic  bacteria.  They  most  commonly  arise  from  the  breaking-up 
and  detachment  of  vegetations  on  the  valves  of  the  heart  in  ulcerative 
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endocarditis,  and  of  infective  thrombi  in  the  veins.  Both  emboli  and 
thrombi  of  this  nature  are  soft,  and  tend  to  undergo  disintegration. 
The  fragments  become  widely  distributed,  and  often  give  rise  to  multiple 
emboli  in  various  parts  of  the  body.  It  is  in  this  way  that  multiple 
pysemic  abscesses  are  commonly  produced. 

The  Sites  of  Emboli. — As  a  rule,  emboli  from  the  valves  or  chambers 
of  the  heart  are  carried  by  the  blood-stream,  and  become  arrested  merely 
because  the  lumen  of  the  artery  is  too  small  to  allow  them  to  pass.  Thus 
there  seems  no  special  reason  why  they  should  occur  in  one  organ  more 
than  in  another.  Judging  from  records  of  the  post-mortem  room,  the 
commonest  sites  are  the  kidney,  spleen,  and  brain.  Probably  many  of 
the  other  vessels,  e.  g.  those  of  the  limbs,  receive  the  emboli ;  but  the 
vessel  which  is  obstructed  is — owing  to  the  free  anastomosis  present  in 
these  regions — of  comparatively  little  importance,  and  no  symptoms  or 
signs  follow  the  impaction,  unless  the  emboli  are  septic.  Emboli  coming 
from  veins,  e.g.  varicose  veins  of  the  limb  or  the  pelvic  veins,  or  from 
the  right  side  of  the  heart  or  pulmonary  artery,  become  impacted  in  the 
branches  of  the  pulmonary  artery;  those  coming  from  the  pulmonary 
veins,  the  left  side  of  the  heart  or  its  valves,  or  from  the  arteries  them- 
selves, lodge  in  the  systemic  arteries;  while  those  coming  from  radicles 
of  the  portal  system  become  impacted  in  the  portal  vein  in  the  liver. 

The  commonest  source  of  the  emboli  found  in  the  pulmonary  artery 
is  a  thrombus  in  the  right  auricle  in  chronic  heart-disease.  Thrombosis 
occurs  particularly  in  the  right  auricle,  and  more  especially  in  the  dilated 
right  auricular  appendix.  Portions  or  the  whole  of  such  thrombi  easily 
become  detached,  are  carried  through  the  right  ventricle  and  pulmonary 
artery,  and  so  give  rise  to  pulmonary  apoplexy  or  infarction. 

We  have  already  stated  that,  as  a  rule,  emboli  are  carried  with  the 
blood-stream,  and  follow  its  normal  course,  but  there  are  some  rare 
exceptions  : — 

1.  "Crossed"  or  "Paradoxical"  Embolism. — This  is  produced  by 
emboli  which  pass  from  the  systemic  veins,  with  the  blood-stream  through 
a  patent  foramen  ovale  into  the  left  auricle,  and  so  into  the  systemic 
arteries. 

2.  Retrograde  Embolism. — This  very  rare  condition  occurs  only  in 
veins,  and  the  emboli  are  carried  in  a  direction  opposite  to  that  of  the 
blood-stream.  This  is  usually  explained  by  a  temporary  reflux  of  the 
blood  in  the  vein,  owing  to  some  obstruction  to  the  return  of  blood  to 
the  right  heart.  Ribbert  suggests  that,  in  those  cases  of  obstruction, 
where  there  is  complete,  or  almost  complete,  venous  stasis,  pulse-waves 
occur  which  gradually  force  the  embolus  backwards.  In  this  way,  an 
embolus  of  the  inferior  vena  cava  may  be  carried  into  the  renal  or  hepatic 
vein.    Welch1  notes  that  liver-cells  have  been  met  with  in  the  cerebral 

1  Welch,  "  Embolism,"  Clifford  Allbutt's  System  of  Medicine,  vol.  iv.  p.  228, 
1905. 
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and  renal  Veins  in  oases  ol  h«-pat  LC  cirrhosis.      Tin-  he  explains  on  Ribl 

hypothec 

Effects  of  Embolism.-   It  must  be  clearly  andeisl I  that  we  are  hen 

dealing  with  so-called  "bland"  01  qod  emboli.    The  ohstrut 

results  are  the  Bame  whether  the  emboli  be    'bland"  01  septic;  but  in 
the  latter  form  there  is,  in  addition  to  th  ve  changes,  the 

softening  action  of  the  bacteria  and  their  products.     In  the  "bland" 
or  non-septic  embolus  which  produces  complete  obstruction  of  an  arl 
the  general  effects  are  the  same  as  those  brought  about  by  throml 
or  by  compression  of  the  vessel;  and,  in  discussing  the  subject,  we  have 
based  our  statements  on  the  results  both  of  ligature  of  the  artery,  and 
on  artificial  obstruction  produced  by  means  of  tobacco- or  othn 
and  we  have  further  controlled  these  results  by  comparison  with  the 
effects  of  embolism  as  seen  in  disease.    When  an  artery  is  obstrui 
certain    circulatory    changes   almost   immediately    become    pronoun* ted. 
These  are  very  soon  followed  by  nutritive  disturbances,  and,  later,  both 
processes  go  on  side  by  side.     It  is  convenient,  however,  to  take  the 
earlier  pronounced  changes  first  and  deal  fully  with  them,  leaving  the 
nutritive  disturbances  for  consideration  later. 

Circulatory  Phenomena  following  complete  obstruction  of  an  important 
Artery,  e.  g.  the  superficial  femoral : — 

These  are  best  studied  experimentally  by  ligature  of  the  artery.  At 
first,  the  limb  becomes  cold,  numb,  and  blanched,  and  pulsation  in  the 
artery  beyond  the  ligature  ceases.  If  special  care  is  taken  to  avoid 
damage  to  the  limb,  and  if  the  vessels  and  heart  are  healthy,  the  limb, 
after  a  few  hours,  again  becomes  warm  and  red — even  warmer  and  redder 
than  the  opposite  limb.  It  may  also  become  slightly  swollen,  and  pulsa- 
tion returns  in  the  peripheral  vessels.  After  a  time,  the  circulation  in 
the  limb  appears  to  have  resumed  its  normal  condition.  The  explanation 
of  these  changes  is  that  anastomosing  channels  are  gradually  opened  up. 
and  in  a  short  time  a  sufficiently  complete  collateral  circulation  is  estab- 
lished.    The  anastomosis  between  vessels  in   most    parts  of  the   body 

ery  extensive.    The  channels  may  be  large  and  very  easily  seen: 
but,  on  the  other  hand,  they  may  be  extremely  minute  or  very  scanty, 
and  may  not  be  demonstrable  until  an  obstruction  has  called  them  into 
use.    Though  there  are  some  possible  exceptions,  e.g.  the  end-arteries 
of  Cohnheim   (to  which  reference   will   be   made  later  under  Infarction). 
still  it  may  be  said  that  there  is  scarcely  any  part  of  the  body  wh 
communications  do  not  exist.    These  existing  communications,  often  very 
abundant,  are  enlarged  and  opened  up  and  become  very  tortuous. 
only    do    the    vessels    dilate,    but    their   coats    become    thickened    and 
strengthened.    If  the  newly-opened-up  channels  are  not  well  supported, 
they  may  become  varicose.    There  is  practically  no  evidence  that  new 
vessels  are  formed  in  cases  of  acute  arterial  obstruction.    The  oollal 
supply  is  established  in  a  greater  or  less  degree  in  all  cases;  and,  where 
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it  is  imperfect,  some  special  or  abnormal  condition  of  the  vessel  or  tissue 
is  the  cause.  For  the  perfect  and  rapid  establishment  of  collateral 
circulation,  certain  factors  are  essential. 

1.  The  Arteries  must  be  healthy. — If  any  of  the  coats  of  the  vessel 
have  undergone  degenerative  changes,  expansion  and  contraction  are 
interfered  with,  and  the  channels  of  communication  are  not  properly 
opened  up. 

2.  There  must  be  sufficient  Blood-Pressure. — Whatever  explanation  be 
given  of  the  cause  of  the  opening-up  of  these  collateral  branches,  it  is 
quite  definitively  proved  that,  if  the  heart  is  weak,  and  is  not  capable  of 
driving  the  blood  with  sufficient  force,  the  anastomosis  will  be  incompletely 
established. 

3.  The  Vitality  of  the  Affected  Area  must  be  sufficient  to  allow  of  its 
surviving  till  the  collateral  supply  is  established. — In  cases  of  debility, 
where  the  nutritive  processes  are  imperfect,  the  cutting-off  of  the  blood- 
supply,  even  for  a  very  short  time,  may  be  sufficient  to  cause  degeneration 
and  death  of  the  tissues  before  the  available  channels  can  be  opened  up. 

4.  There  must  be  available  channels  of  collateral  supply. — As  has 
been  stated,  these  exist  in  almost  all  parts  of  the  body;  but  they  may 
have  become  altered  in  such  a  manner  by  disease,  or  so  many  arteries 
may  have  become  obstructed  at  the  same  time  that  no  sufficient  collateral 
supply  can  be  established.  Further,  the  obstructed  artery  may  be  one 
of  the  terminal  or  end-  arteries  of  Cohnheim.  Even  between  some,  if 
not  all,  of  these  and  other  vessels  there  are  collateral  channels ;  but  they 
are  very  few,  and  not  sufficient  to  compensate  for  the  obstruction,  even 
if  they  enlarge  rapidly  and  to  their  full  capacity. 

The  following  are  the  most  important  end-arteries  : — 

i.  The  renal  artery  and  its  branches,  especially  the  interlobular 
cortical  branches. 

ii.  The  splenic  artery  and  its  branches. 

iii.  The  larger  branches  of  the  coronary  arteries  of  the  heart. 

iv.  The  arteries  supplying  the  basal  ganglia  of  the  brain,  and  those 
supplying  the  grey  matter  of  the  spinal  cord.  The  collateral 
supply  of  the  cortical  arteries  of  the  brain  and  the  spinal 
cord  is  more  abundant,  but  yet  imperfect. 

v.  The  superior  mesenteric  artery,  and  some  of  the  coronary  branches 
to  the  stomach. 

vi.  The  central  artery  of  the  retina. 

vii.  The  branches  of  the  pulmonary  arteries,  especially  those  dis- 
tributed to  the  surface  and  free  margins  of  the  lobes. 
viii.  The  branches  of  the  portal  vein — practically  an  artery  in  its 
distribution — within  the  liver  have  very  few  anastomose 

Obstruction  of  a  branch  <>f  one  of  these  arteries,  especially  the  renal 

or  splenic,  may  lead  to  certain  important  changes  in  the  part  the  artery 
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of  which  is  blocked.  These  changes  are  classed  under  the  term  infarction. 
and  the  affected  area  is  called  an  infarct. 

INFARCTION. — As   has   just   been   stated,   obstruction   of   an    end- 
artery  leads  to  changes  in  the  area  of  tissue  supplied  by  that  ail 
Such  an  area  becomes  swollen,  and  often  e  with  blood    and, OB 

microscopical  examination,  every  part  of  the  tissue  may  be  "stuffed  " 
with  red  blood -corpuscles.  To  this  condition,  Viichow  applied  the  term 
infarction  or  stuffing,  and  to  the  area  he  gave  the  name  red  or  hemo- 
rrhagic infarct.  In  many  cases,  however,  e.g.  in  the  spleen  and  kidney, 
the  area  is  pale  and  bloodless,  and  shows  Borne  reddening  only  at  its 
periphery.  These  areas  have  been  called  pale  or  anaemic  infarcts.  Both 
red  and  pale  infarcts  are  frequently  observed  in  the  same  organ,  and, 
naturally,  pathologists  sought  an  explanation  of  the  difference.  Virchow 
regarded  the  pale  infarct  as  a  later  stage  of  the  red.  He  maintained 
that  the  pallor  was  due  to  alterations  taking  place  in  the  blood-corpuscles 
during  the  process  of  necrosis.  Other  authorities  still  hold  that  infarcts 
in  the  kidney  and  the  spleen,  at  any  rate,  are  always  pale  at  the  beginning ; 
and  that  the  red  colour  is  due  to  the  re-entry  of  the  blood  into  the  blood  less 
area,  or  to  haemorrhage  from  the  rupture  of  degenerated  vessels.  Others, 
again,  hold  that  pale  infarcts  always  result  from  arterial,  and  red  or 
hemorrhagic  infarcts  from  venous,  obstruction.  On  account  of  these 
marked  differences  of  opinion,  much  confusion  exists;  and  we  propose, 
therefore,  to  deal  fully  with  the  subject.  The  views  we  put  forward 
are  not  new,  but  they  are  based  on  actual  experiment  and  observation. 
They  correspond  in  the  main  with  the  observations  of  Bernard  Cohn, 
Cohnheim,  and  Litten,  and  were  taught  for  many  years  by  Professor 
Greenfield  in  the  University  of  Edinburgh.  The  experiments  on  which 
this  teaching  is  based  were  originally  carried  out  by  Professor  Vulpian 
and  Dr.  Carville  in  Paris  in  1874,  and  the  specimens  were  demonstrated 
by  Hardy,  the  Professor  of  General  Pathology.  At  a  later  period, 
the  experiments  were  repeated  by  Dr.  George  Mackay  in  Berlin,  and 
the  specimens  were  sent  to  Professor  Greenfield  for  examination.  More 
recently,  one  of  the  writers  had  the  opportunity  of  following  closely  an 
extended  series  of  experiments  and  observations  conducted  by  Dr.  Duncan 
Forbes  in  the  Pathological  Department  of  the  University  of  Edinburgh, 
on  the  suggestion  and  under  the  direction  of  Professor  Greenfield. 

In  these  experiments,  mainly  carried  out  on  rabbits  and  dogs,  obstruc- 
tion of  the  artery  was  brought  alx.ut  by  compression,  by  ligature,  and 
by  the  injection  of  tobacco-,  begonia-,  and  mustard-seeds  into  the  arterial 
circulation.  In  some  animals,  the  organs  were  exposed  and  the  ligature 
applied,  or  the  seeds  injected,  so  that  the  whole  p  ould  !>«■  carefully 

watched.    These  observations  were  controlled  by  killing  the  animal 
varying  periods,  and  examining  the  organs  which  had  not  in  any  way 
had  their  natural  positions  disturbed.    Controls  were  made  by  ligature 
of  vein  and  artery,  vein  alone,  and  artery  alone.     Experiments  were 
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also  made  by  detaching  the  capsule  of  the  kidney,  ligaturing  the  ureter, 
etc.  In  these  experiments,  the  changes  observed  corresponded  in  all 
important  details  with  those  seen  in  the  human  subject  in  disease. 

We  propose  dealing,  in  the  first  place,  with  the  main  experiments, 
together  with  the  conclusions  to  be  drawn  from  them. 

Obstruction  of  the  Entire  Renal  Artery. — The  changes  are  identical 
whether  the  obstruction  be  produced  by  ligature  or  by  embolism,  but 
the  appearances  vary  with  the  length  of  time  the  obstruction  has  lasted. 
Almost  immediately  after  the  obstruction,  areas  of  congestion  appear 
on  the  surface  of  the  kidney.  Two  hours  after  the  ligature  is  applied, 
the  kidney  has  become  distinctly  enlarged,  and  there  is  marked  con- 
gestion, especially  in  the  region  of  the  pelvis  and  about  the  apices  of  the 
pyramids.  The  enlargement  of  the  organ  and  the  congestion  increase, 
and  attain  their  maximum  in  a  period  of  from  sixteen  to  twenty  hours. 
During  this  period,  there  has  been  a  considerable  increase  in  the  weight 
of  the  kidney.  Forbes  1  states  that  in  four  hours  the  increase  is  4  per 
cent.,  and  in  eleven  hours  it  is  39  per  cent. 

Sections  of  the  kidney  in  the  earlier  stages  of  this  hypersemic  period 
shew  that  the  congestion  of  the  vessels  is  most  marked  in  the  medulla, 
especially  in  the  parts  adjoining  the  pelvis  and  calyces,  and  also  in  the 
superficial  parts  of  the  cortex.  The  deep  part  of  the  cortex  is  pale. 
During  the  later  stages  of  this  period,  the  congestion  becomes  more 
marked  and  is  more  widely  spread.  Microscopical  examination  indicates, 
to  a  certain  extent,  the  order  in  which  the  dilatation  proceeds.  First,  there 
is  engorgement  of  the  larger  veins,  the  stellate  veins  under  the  capsule, 
and  the  branches  of  the  vessels  just  as  they  approach  the  renal  arches ; 
then,  in  a  few  hours,  the  vessels  of  the  medulla  and  some  of  the  glomerular 
tufts  near  the  boundary  zone  are  much  engorged ;  and  later,  the  remainder 
of  the  glomerular  tufts  and  the  vessels  of  the  intertubular  plexus.  Haemo- 
rrhage is  frequently  seen  arising  from  the  dilated  vessels  in  the  medulla, 
but  very  rarely  from  the  cortical  vessels.  From  twenty  hours  onwards, 
the  congestion  becomes  lessened  and  the  size  of  the  kidney  gradually 
diminishes.  Degeneration  and  death  of  the  tissues  from  which  the 
blood-supply  has  been  cut  off — in  this  case  the  whole  kidney  except  some 
areas  supplied  by  the  cortical  vessels — follow,  and  a  small  pale  necrotic 
mass,  which  may  become  partially  or  completely  calcified,  is  produced. 

Obstruction  of  Branches  of  the  Renal  Artery. — Areas  of  congestion  of 
a  purplish  colour  appear  on  the  surface  of  the  kidney  a  very  short  time 
after  obstruction.  These  vary  in  size,  number,  and  position  according 
to  the  size,  number,  and  distribution  of  the  branches  obstructed.  Ex- 
amined in  situ,  a  few  hours  after  obstruction,  purplish  areas  are  seen  on 
the  surface.  On  removal  of  the  kidney  from  the  body,  these  purplish 
areas,  which  appear  distinctly  raised  above  the  surface,  are  found  to  be 

1  Forbes,  "  A  Study  of  Experimentally-produced  Infarcts  of  the  Kidney," 
Thesis,  Univ.  Edin.,  1901. 
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wedge-shaped,  the  base  of  the  wedge  being  at  the  free  surface  of  the 
kidney.  At  a  later  period  after  the  obstruction,  e.g.  from  t  went  v-f  our 
to  thirty  hours,  there  is  marked  change  in  colour;  the  originally  purplish 
areas  have  now  become  pink,  especially  at  their  periphery,  and  are 
surrounded  externally  by  a  pale  boundary  layer.  On  section,  I 
pink  areas  are  seen  to  be  wedge-shaped,  and  are  sharply  marked  of?  bv 
the  pale  boundary  line  already  noted.  There  is  also  a  very  characteristic 
narrow  pale  zone  immediately  under  the  capsule,  and  this  is  sharply 
separated  from  the  wedge-shaped  infarct.  At  a  later  period — f« 
eight  hours — the  surface  may  still  show  purple  or  pink  irregular  areas 
raised  above  the  surface.     All  these  irregular  areas  are,  on  section,  seen 


Fig.  42.-  [nfarctfl   in   the   Kidney,   shewing   raised   wedge-shaped  area, 
with  pale  centre  and  congested  periphery. 

to  he  wedge-shaped  infarcts.  Centrally,  in  the  larger  ones  there  is  a 
pale  area  surrounded  by  a  broad  red  hand,  whilst  in  some  of  the  very 
small  ones  only  pale  depressed  areas  may  he  found. 

Microscopical  examination  of  these  early  infarcts  shews  that  the 
capillaries  in  the  central  part  are  engorged  with  blood,  and  that  the 
tubule-cells,  as  well  as  the  connective-tissue  cells,  are  undergoing  necrotic 
changes.  The  blood-corpuscles  stain  imperfectly,  the  tubule-cells  are 
very  granular,  and  many  of  their  nuclei  have  completely  lost  their  power 
of  taking  up  nuclear  stains.  Leucocytes  of  various  forms  may  be  found 
in  and  between  the  tubules,  and  also  in  the  glomeruli.  In  the  paler 
areas.    coagulation-necrosis    IS    very    marked.     Immediately    under    the 

capsule,  and  at  the  periphery  of  the  infarct,  the  degenerative  ohai 
are  less  evident,  and  the  cell-nuclei  may  stain  perfectly. 

In  the  later  stages,  the  whole  infarct   is  pale,  is  depressed  below  the 
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surface,  and  is  surrounded  by  a  reddish  congested  area.  On  micro- 
scopical examination,  the  whole  pale  area  shews  advanced  necrotic 
change,  and  at  the  periphery  there  is  an  inflammatory  reaction,  with 
dilatation  of  the  vessels  and  commencing  connective-tissue  formation. 

It  will  be  convenient  to  summarise  briefly  the  main  changes  in  an 
infarct  due  to  obstruction  of  a  branch  of  the  renal  artery  in  the  rabbit 
and  in  the  dog,  as  these  correspond  with  those  which  are  found  in  the 
case  of  the  human  subject. 

The  infarct  in  the  early  stages  is  of  a  dark  venous  colour,  firm  in 
consistence,  and  raised  above  the  surface.     The  marginal  part  becomes 


Fig.  43. — Infarcts  in  the  Kidney,  shewing  the  pale  centre  and  congested  periphery. 
Note  that  the  surface  of  the  infarct  is  depressed  below  the  general  surface  of  the 
kidney,  a.,  Infarct  extending  into  medulla,  b.b.,  Smaller  infarcts  confined  to 
cortex. 

pale  in  colour,  and  in  a  few  hours  is  slightly  depressed  below  the  level 
of  the  central  part.  On  section  at  this  stage,  a  central  reddish  or  purple 
area  surrounded  by  a  pale  margin  is  seen.  Then  follow  a  decolorisation 
of  the  necrotic  tissue  and  contained  blood  in  the  central  part  and  a 
dilatation  of  vessels  at  the  inner  part  of  the  pale  area,  the  infarct  thus 
becoming  divided  into  three  zones  : — 

1 .  A  central  pale  area  of  necrosis. 

2.  A  reddish  zone,  in  which  the  capillaries  are  much  dilated  and 

congested. 

3.  A  pale  outer  zone,  where  the  circulation  is  still  active. 

Even  the  smallest  infarcts  are  reddish  and  raised  at  first,  but  they 
very  soon  become  pale ;  and,  unless  examined  in  situ  within  four  or  rive 
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Lours  after  obstruction,  this  red  ("lour  has  disappeared,  and  they 

described   as   pale   infarcts.     In  the  late  st.  baa  extended 


Fig.  44. — Margin  of  an  infarct  in  the  Kidney,  shewing  dark  (con_ 
and  cellular)  and  paler  (necrotic)  areas.      X40. 


throughout  the  infarct,  which  often  becomes  infiltrated  with  leucocytes, 
and   invaded  to   a  certain   extent   by  connective-tissue  corpuscles  and 

young  blood-vessels.  In  this  way  the  infarct,  if 
small,  may  become  completely  absorbed ;  or,  if 
of  larger  size,  a  definite  capsule  of  fibrous  tissue 
may  be  formed  round  it,  and  the  central  part 
may  undergo  calcification.  Very  commonly  in 
an  infarct,  two  areas  in  which  the  necrotic 
changes  are  not  so  advanced  are  seen — one 
immediately  under  the  capsule,  and  the  other 
forming,  as  it  were,  a  bridge  between  the  cortical 
and  medullary  part  of  the  infarct,  in  the  region 
of  the  boundary  zone.  These  are  parts  where 
the  collateral  supply  is  sufficient  to  maintain 
the  nutrition  to  a  certain   extent. 

Infarction  of  the  Spleen.  -The  effect 
arterial  obstruction  are  wdl  seen  in  the  spleen. 
In  the  dog,  the  spleen,  still  attached  by  its 
vessels,  can  be  lifted  from  the  abdomen  with 
practically  no  disturbance  of  it  -  vascular  arrange- 
ments, and  the  results  of  obstruction  carefully 
I.  Within  live  minutes  after  the 
obstruction  of  a  branch  of  the  splenic  art 
dark,  livid,  raised  areas  are  seen,  running  transversely  to  its  long  B 


FlG.  -45.-  Infarct  in  Spleen, 
shewing  raised  .surface, 
transverse  arrangement, 

and  pallor. 
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and  extending  very  often  completely  across  the  organ.  These  gradually 
become  more  swollen  and  more  definitely  raised  above  the  surface.  On 
microscopical  examination,  the  whole  area  is  found  to  be  filled  with  red 
blood-corpuscles,  and  it  is  quite  impossible  to  distinguish  the  condition 
from  one  of  haemorrhage  into  a  localised  area.  This  marked  haemorrhagic 
condition  is,  no  doubt,  dependent  on  the  special  structure  of  the  organ 
— the  blood  easily  penetrating  the  meshes  of  the  splenic  pulp. 
Decolorisation   is   a   later  process,  and  is  mainly  due    to    changes    in 
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Fig.  46. — Old  infarct  in  the  spleen,  shewing  pale  caseous  mass  surrounded  by  a  fibrous- 
tissue  capsule.     Note  depression  below  the  general  surface  of  the  spleen.      X  5. 

the  haemoglobin,  though  necrosis  also  takes  place,  and  necrotic  Mal- 
pighian  bodies  may  be  made  out  in  the  pale  area.  These  pale  areas  are 
usually  surrounded  by  a  more  or  less  narrow  congested  band,  and  in  this 
band  new  fibrous  formation  takes  place.  As  in  infarction  in  the  kidney, 
the  degenerated  area  becomes  cut  off  from  the  surrounding  part  by  a 
definite  fibrous  capsule,  and  absorption  of  the  dead  and  degenerating 
area  may  occur  with  varying  degrees  of  completeness. 


From  these  experiments,  it  is  established  that  infarcts  in  the  kidney 
and  spleen,  at  any  rate,  are  at  first  always  red.     If  the  infarct  is  very 
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small,  pallor  supervenes  in  a  few  hours;  and,  even  in  a  o  I  infan  t. 

the  pallor  may  appear  almost  immediately  after  the  organ  has  been 
removed  from  the  body.  What,  then,  is  the  explanation  of  this  vascular 
engorgement?  From  the  experiments  of  Litten,  Colin,  Vulpian,  and 
others,  there  can,  we  think,  be  no  doubt  that  the  engorgement  in  the 
kidney  is  due  to  the  opening  up  of  pre-existing  collateral  channels,  and 
to  the  afflux  of  blood  through  minute  communications  which  normally 
exist  between  the  vessels  supplying  the  ureter  and  pelvis  of  the  kidney 
and  those  of  the  medulla,  and  between  branches  of  the  lumbar  arteries 
which  supply  the  perinephric  tissue  and  the  vessels  in  the  capsule  of  the 
organ.  Cohnheim  attributed  the  engorgement  to  a  reflux  through  the 
veins.  He  argued  that  the  blood  was  driven  through  the  veins  largely 
by  pressure  communicated  from  the  arteries.  If,  therefore,  an  end- 
artery  were  blocked,  the  pressure  in  the  veins  draining  the  area  which  it 
supplies  would  be  practically  negative,  whereas  the  pressure  in  neigh- 
bouring veins  and  in  the  inferior  vena  cava  would  still  be  sufficiently  high 
to  force  the  blood  back  into  the  veins  of  the  infarct,  and  thus  its  capillary 
system  would  be  filled  up.  This  was  a  very  simple  explanaticn,  and  one 
which,  at  first  sight,  seemed  likely  to  be  correct ;  but  Litten  and  others 
shewed  that  if  both  artery  and  vein  were  ligatured,  the  engorgement  was 
greater  than  if  the  artery  alone  were  obstructed.  Cohn,  Litten,  and 
Vulpian  found  that,  if,  after  ligature  of  the  renal  artery,  the  renal  vein 
were  cut,  blood  continued  to  flow  from  the  severed  vein.  It  was  further 
demonstrated  by  Litten  and  .others  that,  if,  after  ligature  of  the  renal 
artery,  a  cut  were  made  in  the  kidney,  bleeding  occurred ;  but  that,  if 
the  collateral  supply  were  then  cut  off  by  stripping  the  capsule  and 
ligaturing  the  ureter,  the  bleeding  at  once  stopped.  Further,  it  was 
shewn  that,  if  all  sources  of  collateral  supply  were  cut  oft"  and  the  artery 
was  then  obstructed,  no  engorgement  took  place.  The  more  important 
of  these  results  were  confirmed  by  Greenfield,  and  afterwards  by  Forbes, 
working  under  his  direction.  Thus,  Cohnheini's  reflux  hypothesis 
cannot  be  maintained,  and  the  inevitable  conclusion  from  these  experi- 
ments is  that  the  hyperemia  is  due  to  the  collateral  supply.  Further 
investigation  has  shewn  that  the  collateral  supply  is  unable  to  maintain 
the  outflow  through  the  veins,  and,  in  consequence,  thrombosis  is  apt  to 
occur,  and  thus  to  increase  the  engorgement. 

In  infarcts  produced  by  obstruction  of  a  branch  of  the  renal  artery, 
the  capillaries  and  smaller  vessels  become  distended  with  blood,  and,  in 
the  boundary  zone,  rupture  and  haemorrhage  into  the  collecting  tubules 
or  into  the  subcapsular  region  take  place.  At  the  margin  of  the  infarct, 
the  glomerular  capillaries  often  become  very  much  distended,  and  the 
intertubular  capillaries  which  are  nearest  the  collateral  supply  become 
rapidly  filled  with  blood  (fig.  11).  Haemorrhage  may  occur  into  the  space 
between  the  glomerular  tuft  and  Bowman's  capsule.  This  filling  <>f  the 
capillary  system  is  rarely  complete,  for  many  of  the  vessels  become 
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blocked  by  swelling  of,  and  degenerative  changes  in,  their  lining  epi- 
thelium, and  by  pressure  and  swelling  caused  by  the  transuded  lymph. 
There  is  no  evidence  of  a  refilling  of  the  capillaries  from  the  veins ;  and, 
if  the  collateral  supply  is  well  established,  the  engorgement  goes  on 
after  the  veins  have  become  blocked  by  thrombi. 

The  secondary  pallor  is  due  largely  to  necrotic  changes  and  to  blocking 
of  the  capillaries,  but  in  part  also  to  the  process  of  obliteration  of  vessels 
when  their  function  is  at  an  end.  When  the  active  process  of  absorption 
ceases,  or  when  the  dead  area  is  enclosed  by  fibrous  tissue,  no  engorgement 
is  found. 

Nutritional  Changes  following  Arterial  Obstruction. — These  vary  in 
amount,  according  to  the  rapidity  and  the  degree  of  completeness  with 
which  the  collateral  supply  can  be  set  up,  and  also  according  to  the  vulner- 
ability of  the  tissue  affected.  Where  the  collateral  supply  is  imperfect, 
or  where  it  is  slowly  produced,  and  especially  if  the  tissue  involved  be  a 
highly-functioning  one,  e.  g.  brain-cells  or  secreting  cells,  necrosis  follows 
{vide  Necrosis,  p.  95).  Ultimately,  in  infarcts,  the  vascular  engorge- 
ment passes  off,  and  the  necrotic  mass,  which  is  opaque-white  or  yellowish- 
white  in  colour,  becomes  partially  or  completely  absorbed  by  means  of 
leucocytes  and  other  phagocytic  cells,  and  by  new  blood-vessels  which 
grow  into  the  dead  areas  from  the  vessels  of  the  surrounding  living  tissues. 
If  the  infarct  is  not  completely  absorbed,  it  becomes  a  caseous  and 
calcareous  mass,  enclosed  by  a  capsule  of  fibrous  tissue.     {See  fig.  46.) 

Obstruction  of  Arteries  of  the  Brain. — The  result  of  obstruction  of  the 
cerebral  arteries,  whether  by  embolism  or  thrombosis,  is  the  softening  of 
a  portion  of  the  area  supplied.  Hyperaemia  is  usually  not  a  marked 
feature.  The  softening,  as  has  been  already  indicated,  does  not  usually 
involve  the  whole  area  supplied  by  the  obstructed  artery,  unless  there  is, 
in  addition,  a  wide-spread  general  arterial  degeneration — a  condition  in 
which  a  collateral  supply  is  not  readily  available.  The  infarct  often 
becomes  liquefied,  and  in  great  part  absorbed,  leaving,  it  may  be,  only 
a  cavity  or  pseudocyst  containing  some  milky  fluid. 

Infarction  of  the  Heart- Wall. — This  is  usually  the  result  of  thrombosis 
in  diseased  coronary  arteries.  The  commonest  sites  are  certain  parts 
supplied  by  the  left  coronary  artery,  viz.  : — 

1.  The  anterior  wall  of  the  left  ventricle  near  the  apex. 

2.  The  anterior  part  of  the  interventricular  septum,  towards  the 

apex  of  the  heart. 

3.  The  posterior  part  towards  the  apex  or  other  portion  of  the  inter- 

ventricular septum. 

The  areas  of  infarction  are  irregular  in  shape,  and  firm,  and  the  central 
part  is  either  yellowish  or  dull  white.  They  are  surrounded  by  a  dark 
reddish  area  of  hyperaemia.  If  extending  to  the  endocardium,  thrombosis 
takes  place  over  them,  and,  at  a  later  period,  aneurism  of  the  heart  may 
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result  (fig.  47).    On  microscopical  examination,  fche    muscle-fibres  an 

necrotic,  and  are  seen  to  be  in  process  oi  absorption,  their  place  being 
taken  by  fibrous  tissue. 

Pulmonary  Infarction. — Infarcts  of  the  lungs,  or  pulmonary  apoplexies, 
are  very  commonly  multiple.  They  are  wedge-shaped,  with  the  base  of 
the  wedge  at  the  surface,  dark-red  in  colour,  raised  above  the  surface, 
and  very  firm.  They  are  usually  situated  near  the  free  surface,  and 
especially  at  the  margins  of  the  lung,  though  they  may  sometime  be 


Fig.  47. — Heart,  shewing  the  necrosed  muscle -fibres  (pale,  faintly  staining  area)  resulting 
from  thrombosis  in  a  branch  of  the  coronary  artery,      x 

found  deeper  in  the  lung  substance.  They  are  commoner  in  the  lower 
than  in  the  upper  lobe.  Unless  they  are  septic,  the  pleural  surface  shews 
no  signs  of  inflammatory  reaction.  On  microscopical  examination,  the 
air-alveoli  are  filled  with  red  blood-corpuscles,  and  the  alveolar  capillaries 
are  much  distended  with  blood  (fig.  48).  Necrosis  is  usually  entirely 
absent,  probably  owing  to  the  very  complete  collateral  circulation  through 
the  bronchial  arteries,  and  therefore  the  comparatively  slight  impairment 
of  nutrition.  The  decolorisation,  which  frequently  occurs,  is  due  merely 
to  alterations  in  the  haemoglobin.  Localised  increase  in  fibrous  tissue, 
which  is  sometimes  a  sequel  of  the  infarction,  may  contain  pigment 
derived  from  the  broken-down  red  corpuscles. 


DISTURBANCES  OF  THE  CIRCULATION  159 

Causes  of  Pulmonary  Infarction. — The  condition  of  pulmonary  infarc- 
tion in  the  human  subject  is  most  commonly  associated  with  great  venous 
engorgement  in  the  lung,  due  very  often  to  disease  of  the  mitral  valve  of 
the  heart.  In  this  condition  of  venous  engorgement,  thrombosis  in,  and 
haemorrhage  from,  the  distended  vessels  might  very  readily  occur;  and 
some  regard  the  infarctions  as  due  to  this  thrombosis  and  haemorrhage . 
Most  probably,  in  some  cases  this  is  the  actual  explanation  of  the  con- 
dition, but  emboli  from  thrombosed  systemic  veins,  e.g.  pelvic  and 
prostatic  veins,  varicose  veins  in  the  legs,  etc.,  must  be  given  an  important 
place  as  a  causal  factor.     In  cases  of  mitral  disease  with  dilatation  of 
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Fig.  48. — Large  Pulmonar}'-  Infarct,  shewing  the  wedge-shaped,  hemorrhagic  area 
towards  the  lower  margin  of  the  lung.  The  blocked  branch  of  the  pulmonary  artery- 
is  seen  in  the  upper  left  part  of  the  dark  infarcted  area. 

the  right  side  of  the  heart,  thrombosis  very  frequently  occurs  in  the 
dilated  right  auricular  appendix.  Portions  of  this  thrombus  very  easily 
become  detached,  are  carried  into  branches  of  the  pulmonary  artery,  and 
may  give  rise  to  infarction,  as  do  emboli  in  other  arteries ;  but,  even  in 
these  cases,  the  previous  congestion  of  the  vessels  of  the  lung  is  a  con- 
tributory cause.  Portions  of  such  thrombi  are  frequently  found  in  the 
pulmonary  vessels.  Haemorrhages  from  the  bronchi  or  into  the  air- 
cavities,  as  causal  conditions,  need  not  be  considered.  There  is  abundant 
evidence  that  during  respiratory  movements  such  blood  becomes  scat- 
tered and  produces  areas  of  collapse,  which  are  surrounded  by  areas  of 
distension  of  the  air-cavities,  conditions  which  are  not  seen  in  pulmonary 
infarction.    Dilatation  of  the  collateral  channels  takes  place  in  the  lungs, 
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but  the  engorgement  cannot  be  explained  wholly  on  the  ground  of  this 
dilatation.  Further,  in  many  cases  in  which  pulmonary  infarctions  have 
occurred — for  example,  in  cases  of  dilatation  of  the  right  side  of  the 
heart  following  upon  mitral  stenosis — there  is  a  pre-existing  greatly 
engorged  state  of  the  capillaries  and  a  high  venous  pressure  in  the 
lung,  conditions  which  favour  haemorrhage. 


ACTIVE    HYPEREMIA 

Active  Hyperemia  of  any  part  of  the  body  is  due  to  an  increa 
afflux  of  blood  to  it.  The  part,  if  on  the  surface,  becomes  of  a  reddish 
colour,  the  local  temperature  is  raised,  and  there  may  be  some  swelling. 
A  more  detailed  examination  shews  that  the  arteries  and  capillaries  of 
the  hyperaemic  area  are  dilated,  and  that  the  blood-flow  is  more  rapid. 
There  may  also  be  an  increase  in  the  normal  lymph-transudation.  though 
this  increase  is  not  usually  marked,  and  is  not  an  important  factor  in  the 
process.  The  essential  change  in  all  cases  is  the  arterial  dilatation,  and 
this  may  occur  under  a  variety  of  circumstances. 

I.  Physiological. — When  special  organs  are  called  into  functional 
activity,  the  arterial  supply  is  increased.  This  is  physiological,  and  is 
necessitated  by,  among  other  factors,  the  extra  nourishment  required  by 
these  organs.  Among  the  commonest  examples  of  this  is  the  increased 
blood-supply  of  the  uterus  during  pregnancy,  and  of  the  mammary  glands 
during  lactation. 

II.  Pathological. — In  studying  pathological  dilatation  of  arteries,  it 
is  often  very  difficult,  or  even  impossible,  to  determine  the  ultimate 
cause.  There  are  many  factors  to  be  considered,  and  these  interact  on 
one  another  in  almost  all  cases.  Alterations  in  the  walls  of  the  arteries 
may  be  caused  by  interference  with  the  nerve-supply,  or  pathological 
conditions  of  the  innervation  may  be  due  to  degenerative  conditions  of 
the  vascular  walls.  Again,  interference  with  the  blood-supply  may 
cause  both  damage  to  the  nutrition  of  the  vascular  walls  and  derai 
ment  of  the  nervous  control.  Still,  for  convenience,  it  is  necessary  to 
study  each  group  of  cases  separately. 

(1)  Hyperemias  caused  by  the  direct  application  of  mechanical, 
chemical,  thermic,  or  other  analogous  forms  of  Irritant.— Exposure  of 
the  frog's  mesentery  to  the  air,  or  to  irrigation  by  a  1*5  per  cent.  Bait- 
solution,  is  sufficient  to  set  up  an  active  hyperemia  in  it.  So,  the 
application  of  alcohol,  ether,  ammonia,  mustard,  cantharides,  etc., 
to  the  skin  or  mucous  membranes  is  followed  by  a  local  arterial 
hyperaemia.  Nitrites  cause  arterial  dilatation  by  a  relaxation  of  the 
non-striped  muscle  of  the  arterial  wall. 

Tight  ligature  of  the  finger  produces  anaemia  of  the   part,  and 
followed,  on   removal   of  the    ligature,   by   active   hyperemia.      Cold. 
friction,   massage,   etc.,   act    in    the    same    way.     The    application    of 
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moderate  heat  immediately  gives  rise  to  active  hyperemia.  In  most 
of  these  cases,  and  certainly  where  there  has  been  previous  anaemia, 
even  for  a  short  time,  the  nutrition  of  the  vascular  walls  is  damaged, 
though  the  causal  agents  also  exert  part  of  their  dilating  influence 
through  the  vaso-motor  nerves.  This  dilatation  of  the  arterioles  can 
be  brought  about  by  the  application  of  moderate  heat  to  the  skin, 
even  when  the  nerves  to  the  arteries  have  all  been  cut.  The  arterial 
dilatation  must  therefore,  in  some  instances,  be  capable  of  occurring 
independently  of  the  vaso-motor  centres.  The  hyperemia  may  be 
very  marked,  and  the  distension  so  great  that  rupture  of  badly  sup- 
ported capillaries  may  take  place.  This  is  sometimes  seen  when  a 
distended  bladder  is  too  quickly  emptied  by  a  catheter.  The  ill- 
supported  vessels  in  the  mucous  membrane,  owing  to  the  sudden 
relaxation  of  the  pressure  to  which  they  have  been  subjected,  become 
rapidly  distended  with  blood,  rupture,  and  produce  extensive  haemo- 
rrhage into  the  bladder. 

(2)  Those  due  to  vaso-constrictor  paralysis  and  vaso-dilator  stimu- 
lation.— Section  of  the  main  cord  of  the  sympathetic  nerve  in  the  neck  in 
animals  is  followed  by  arterial  dilatation  and  redness  in  the  corresponding 
half  of  the  head  and  neck.  The  same  result  is  sometimes  seen  in  the 
human  subject,  as  a  consequence  of  pressure  upon  the  nerve  by  tumours, 
enlarged  glands,  etc.  Reflex  vaso-motor  influence  also  leads  to  hyper- 
aemia,  e.g.  in  blushing.  The  stimulation  of  vaso-dilator  fibres  probably 
also  plays  some  part  in  certain  cases;  and  the  erythemas  of  the  skin — 
seen  in  the  area  of  distribution  of  an  injured  nerve — the  erythemas  in 
other  conditions,  the  rashes  in  fevers,  and  the  wheals  in  urticaria,  may 
be  in  part  due  to  this  stimulation.  In  the  infective  conditions  above 
noted,  the  toxins  may  act  as  vaso-dilators,  but,  undoubtedly,  damage 
to  the  vascular  walls  by  these  toxins  plays  a  very  important  part  in 
bringing  about  the  active  hyperaemia. 


11 


CHAPTER  VI 
INFLAMMATION    AND    REPAIR 

INFLAMMATION 

We  do  not  think  it  advisable  to  enter  into  the  discussion  Bfl  to  what 
Bpecial  reactions  of  the  tissues  should  be  included  under  the  term 
inflammation,  and  what  should  be  excluded.  For  all  practical  purp 
it  is  sufficient  to  consider,  under  the  term,  that  series  of  reactions  which 
follows  irritation  or  injury,  and  which  has  for  its  special  purpose  the 
prevention  or  repair  of  damage.  Thus  we  include  both  the  effect 
the  injury,  and  that  series  of  changes  which  Nature  exhibits  in  her  attempt 
to  l emove  or  oppose  the  cause,  and  to  remove  and  repair  its  results.  Fr< >m 
the  time  of  the  injury  until  complete  healing  takes  place,  the  various 
reactions  co-operate  with,  and  are  often  dependent  upon,  one  another; 
and  it  is  generally  impossible  to  draw  an  absolute  line  between  the  end 
of  the  one  and  the  commencement  of  the  other.  For  the  study  of  the 
reactions,  it  is  necessary  to  make  definite  lines  of  separation ;  but  it 
must  be  clearly  understood  that  these  are  more  or  less  arbitrary,  and 
that  the  processes  may  go  on  side  by  side. 

Causes  of  Inflammation. — Among  the  most  important  of  the  causes 
must  be  placed  bacteria  and  their  toxins.  Other  irritants — mechanical, 
chemical,  and  thermic — wThich  cause  tissue-damage  will  excite  the 
actions  lor  the  prevention  and  repair  of  that  damage.  Even  though  the 
injury  be  extremely  slight,  protective  action  and  repair  are  necessary  ; 
and  all  the  inflammatory  reactions  will  exhibit  themselves  in  a  more  «>i 
pronounced  degree.  Thus,  it  may  be  stated  broadly,  that  anything 
which  causes  damage  or  irritation  to  the  tissues,  may  excite  these  reactions 
which  are  classed  under  the  term  inflammation. 

The  character  of  the  reaction  and  the  degree  of  its  manifestation  will. 
of  course,  depend  on  t  he  nature  of  the  irritant  and  the  intensity  and  dura- 
tion of  its  action.  Thus,  the  majority  of  pathogenetic  bacteria]  irritants 
will  call  forth  a  greater  leucocytic  response  than  will  a  foreign  aseptic 
body;  and  certain  bacteria  will  cause  .  ber  reaction  than   others. 

Again,  the  vitality  and  the  power  of  response  on  the  part  of  th< 
are  of  considerable  importance.      A  Blight  injury  may  give  I  rioufl 

inflammatory  phenomena  in  tissues  the  vitality  of  which  is  low.  whereas  in 
normal  structures  the  reaction  would  he  very  Blight.  A  similar  variation 
is  seen   in  individual  tissues  under  different   conditions.     If  a  tissue  is 
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exhausted  from  any  cause,  its  reactive  power  may  be  almost  destroyed. 
For  example,  in  cases  of  pneumonia,  there  is  usually  a  very  pronounced 
leucoblastic  reaction  in  the  bone-marrow,  and  a  resulting  protective 
leucocytosis ;  but,  in  certain  cases,  and,  especially  in  alcoholic  subjects, 
this  reaction  may  be  practically  absent,  because  the  bone-marrow  is 
deficient  in  its  normal  structures  and  in  its  capacity  for  leucoblastic 
change;  and,  in  such  cases,  the  protective  power  of  the  leucocytes  is 
lost,  and  the  prognosis  much  more  serious. 

Phenomena  of  Inflammation. — These  can  be  well  studied  during  life 
in  a  transparent  vascular  membrane,  such  as  the  mesentery  of  the  frog 
or  the  omentum  of  the  guinea-pig.  If  these  are  exposed  and  irritated, 
after  a  short  preliminary  stage  of  transitory  anaemia,  the  blood-vessels 
dilate,  the  blood-flow  becomes  accelerated,  and  a  condition  of  active 
hyperemia  is  set  up.  Soon,  however,  the  blood-stream  becomes  slug- 
gish, and  the  venules  show  irregular  dilatation.  Actual  arrest  of  the 
circulation  with  thrombosis  may  cccur  in  certain  areas,  especially  if  the 
vessels  or  tissues  have  been  previously  diseased.  During  this  so-called 
period  of  stasis,  there  is  an  increased  exudation  of  lymph  through  the 
vessel-walls,  leading  to  swelling  of  the  inflamed  area  and  to  the  produc- 
tion of  inflammatory  oedema.  The  membrane  is  now  red,  swollen,  and 
usually  opaque.  The  opacity  is  increased  by  accumulations  of  leuco- 
cytes, which  are  seen  to  leave  the  dilated  vessels  and  to  emigrate  to  the 
focus  of  infection  or  to  the  point  of  injury  (Plate  IV.).  Red  blood - 
corpuscles  may  also  be  seen  in  the  tissues. 

If,  now,  the  irritant  is  removed  and  the  resulting  damage  be  very 
slight,  these  phenomena  gradually  subside ;  but  if  the  irritant  has  caused 
degenerative  or  necrotic  changes  in  the  tissues,  the  inflammatory  pro- 
cesses may  continue  until  repair  is  effected.  The  damaged  and  necrotic 
tissues  are  partially  or  wholly  absorbed  and  removed  by  phagocytic 
cells,  and  are  probably  also  acted  upon  by  certain  ferments  which  may 
be  produced  by  these  cells.  New  capillaries  are  formed  from  pre- 
existing capillaries,  and  these,  together  with  proliferated  connective- 
tissue  and,  perhaps,  other  cells,  pass  into  the  damaged  area,  and 
eventually  effect  a  greater  or  less  degree  of  repair.  These  phenomena 
must  now  be  studied  in  detail. 


I.  VASCULAR  PHENOMENA-INCLUDING  THE  CHANGES  BOTH  IN 
THE  VESSELS  THEMSELVES  AND  IN  THEIR  CONTAINED 
BLOOD 

1.  Omitting  the  unimportant  stage  of  transitory  anaemia,  with  moment- 
ary contraction  of  the  vessels,  which  may  occur  in  certain  cases,  there 
is  at  first  an  acceleration  of  the  blood-stream  with  a  dilatation  of  the 
minute  vessels,  especially  the  capillaries  and  venules.  The  dilatation 
of  the  arterioles  is  very  slight,  and  seems  to  play  no  important  part. 
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Some,  indeed,  hold  that  it  docs  not  occur  at  all.  Even  if  we  deny  the 
occurrence  of  arterial  dilatation,  the  acceleration  of  the  blood-flow  is 
quite  well  explained  by  the  dilatation  of  the  capillaries  and  venules, 
and  the  consequent  diminished  peripheral  nee.     The  dilatation 

of  the  vessels  can  be  explained  only  by  the  action  of  the  irritant  directly 
upon  the  vascular  walls,  or  through  the  intervention  of  their  local  \ 
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Fig.  49. — Diagram  of  Thrombus-formation. 

a.  a.  Normal  blood-stream. 

b.  b.  Slowing  of  stream — Leucocytes  at  periphery. 

c.c.  ,,  Leucocytes  and  blood-platelets  at  the  periphery. 

d.d.  M  Blood-platelets  accumulating  in  great  numbers. 

The  i  dilatation  of  the  vessels  is  also  shewn. 

motor  apparatus;  for  dilatation  of  the  vessels  occurs  even  when  all 
connection  with  the  cerebrospinal  vaso-motor  centres  has  been  Bevered. 
Apparently  the  walls  of  th<i  vessels  are  completely  paralysed  and  deprived 

of  their  contractility.     Lister  shewed  that  the  diameter  of  the  capillaries 
may  be  increased  by  only  one-fifth  to  one-quarter;  but  this  meai 
very  considerable  increase  in  their  sectional  area,  and  consequently  in 
the   amount   of   blood   flowing  through   them.      The    period    of    active 
hyperemia,  which  may  last  for  only  a  few  hours,  is  succeeded   by  the 
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period  of  stasis,  in  which  there  is  further  dilatation  of  the  vessels  and  a 
slowing  of  the  blood-stream.  This  slowing  may  become  very  marked, 
and,  in  certain  parts,  complete  arrest  may  take  place,  with  consequent 
thrombosis.  When  the  stream  becomes  sluggish,  a  rearrangement  of 
the  relative  position  of  the  fluid  and  the  formed  elements  of  the  blood 
is  observed  (fig.  49).  The  leucocytes  and  the  blood-platelets  fall  out  into 
the  clear  plasmatic  peripheral  stream ;  but,  just  before  actual  stasis,  the 
leucocytes  tend  to  return  to  the  centre,  and  a  mixing  of  all  the  elements 
takes  place,  though  there  is  generally  found  in  the  outer  part  of  the 
peripheral  stream  an  excess  of  blood-platelets.  The  rearrangement  of 
the  corpuscular  elements  is  merely  a  physical  phenomenon.  The 
velocity  of  the  axial,  is  always  greater  than  that  of  the  peripheral,  stream, 
and  the  corpuscles  circulate  in  the  axial  stream  so  long  as  the  velocity 
is  sufficient.  As  the  blood-flow  becomes  sluggish,  the  leucocytes,  which 
are  of  less  specific  gravity  than  the  red  blood-corpuscles,  tend  first  of 
all  to  fall  out  into  the  peripheral  stream.  If  the  rate  of  flow  is  still 
further  diminished,  the  red  corpuscles  also  make  their  way  into  the  peri- 
pheral stream,  and  a  mixing  of  all  the  elements  takes  place.  Complete 
stagnation  may  be  a  later  phenomenon,  and  then  the  vessels  appear  to 
be  filled  with  a  mass  of  fused  red  corpuscles.  Further,  it  is  observed  that 
the  leucocytes  in  the  peripheral  stream  become  adherent  to  the  wall  at 
various  points,  and  begin  to  migrate  through  the  coats  of  the  vessels  into 
the  surrounding  tissues  (Plate  IV.). 

The  slowing  of  the  blood-stream  depends  on  several  factors.  As  a 
result  of  the  inflammatory  process,  and  from  the  direct  action  of  the 
irritant,  the  endothelial  cells  fining  the  vessels  become  swollen,  the 
cement-substance  becomes  loosened,  and  the  cells  project  into  the  lumen. 
Thus  a  greater  frictional  resistance  to  the  flow  of  blood  is  set  up.  This 
friction  is  probably  increased  by  the  adhesion  of  leucocytes  to  the  walls, 
and  by  the  greater  viscidity  of  the  red  blood-corpuscles  which  are  in 
contact  with  the  walls.  Lister  shewed  definitely  that  these  red  blood- 
corpuscles  became  more  viscid,  and  in  consequence  more  difficult  of 
circulation.  In  addition  to  the  alteration  in  their  endothelium,  the 
vessels  undergo  other  structural  and  functional  changes.  In  conse- 
quence of  the  damaged  nutrition,  their  normal  elasticity  is  impaired, 
and  they  become  unduly  stretched.  This  is  more  marked  in  the  venules 
than  in  the  capillaries.  The  dilatation  and  loss  of  elasticity  lead  to  an 
increased  intravascular  pressure  and  further  dilatation;  the  blood 
cannot  escape  freely  from  the  veins,  and  tends  to  accumulate  in  them. 
Possibly,  also,  alterations  in  the  plasma  play  some  part.  The  transuda- 
tion of  lymph  has  increased  considerably  during  this  period  of  stasis, 
and,  as  a  result,  the  blood-plasma  may  become  more  inspissated. 

2.  Exudation  of  Lymph. — The  increased  exudation  of  lymph  is 
observed  very  early  in  the  process,  and  becomes  marked  during  the 
first  two  hours.    This  inflammatory   oedema  (fig.  50)  may  supervene 
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very  rapidly;  and  its  amount  is  dependent  on  the  situation  in  which  it 
occurs,  on  the  nature  and  intensity  of  the  causal  irrit.  i  on  the 

condition  of  the  patient. 

In  situations  where  the  degree  of  external  pressure  is  small,  or  1 
external  support  feeble,  e.g.  in  the  pleural  sacs,  large  accomulal 
may  take  place,  whereas  in  solid  tissues  or  organs  the  exudation  is  com- 
paratively  scanty.     Some    bacterial   irritants   cause    a    very    abundant 
exudation,  while  with  others  the  amount  is  quite  insignificant.     Again, 
in  debilitating  disease,  where  there  is  pronounced  anaemia,  with  _ 
alterations  in  the  condition  of  the  blood  and  changes  in  the  vessel-walk, 
exudation    occurs    with    greater    facility.     The    exudation    is    in    part 


Fio.  50. — Lung.     Acuto  congestion,  shewing  dilatation  ot   vessels  in  the 
alveolar  walls  and  cedoma  in  air  spaces.     X  200. 

due  to  a  greater  porosity  of  the  vessels,  owing  to  degenerative  chai 
and  to  the  increased  pressure  in  the  engorged  and  dilated  vessels.     There 
is  also  the  possibility  that  an  alteration  in  the  selective  capacity  of  the 
endothelial  cells  of    the  vessels   may   have  some  influence  on  lymph- 
exudation. 

Characters  and  Composition  of  Inflammatory  Exudates.— The  chi 
and  composition  of  the  inflammatory  exudates  in  different  positions  and 
in  different  cases  vary  considerably.    The  exudate  in  one  cavity  may 
differ  greatly  from  that  in  another,  both  in  specific  gravity  and  in  its 
coagulability,  and  the  exudate  produced  by  one  irritant  may  sl>. 

differences  from  that  produced  by  another.    T  this 

may  be  explained   by   physical  </.  an   increased    porosity   of 

the  vessel-wall  favouring  a  more  copious,  or  it  may  be  a  more  viscid, 


INFLAMMATION  AND   REPAIR  167 

exudate :  or  various  changes  in  the  endothelium  modifying  its  selective 
capacity ;  but  such  causes  are  in  themselves  not  a  sufficient  explanation 
of  the  observed  phenomena.  The  inflammatory  exudates  are  always 
richer  in  protein  constituents  than  ordinary  lymph  and  dropsical 
transudates,  but  the  amount  of  these  never  equals  that  of  the  blood- 
plasma.  Coagulation  very  commonly  occurs,  and  depends  on  the  amount 
of  fibrin-ferment  produced;  but,  in  certain  conditions,  e.g.  in  abscesses, 
coagulation  may  not  take  place.  This  is  probably  due  to  the  softening 
or  ferment-action  of  bacteria.  The  exudates  may  contain  special 
antitoxic,  antibacterial,  or  other  substances. 

Function  of  Exudates. — It  is  quite  probable  that,  in  the  process  of 
repair,  where  there  is  stimulation  of  the  local  tissue-cells,  and,  in  conse- 
quence, an  increased  local  metabolism,  the  exuded  lymph  may  serve 
for  purposes  of  nutrition ;  but  we  do  not  consider  that  this  is  an  important 
function  of  the  exudate.  Much  more  important  is  its  action  in  diluting 
toxic  substances,  and  thus  minimising,  at  any  rate,  their  local  destructive 
action.  Further,  it  must  act  as  a  flushing-out  agent,  carrying  the  poisons 
which  may  be  locally  produced  either  to  the  surface,  to  glands  where 
possibly  they  may  be  destroyed,  or  to  serous  cavities.  It  must  be  recog- 
nised that  this  mere  flushing-out  action,  though  beneficial  at  the  region  of 
irritation,  may  be  harmful  to  the  organism  as  a  whole ;  for  the  locally 
acting  poisons  may  be  carried  into  the  general  circulation,  and  thus 
cause  wide-spread  poisoning  effects.  This  flushing,  however,  acts  also 
by  carrying  antibodies  or  protective  substances  in  general,  which  may  be 
locally  produced,  to  various  parts  of  the  system  :  and  by  carrying  those 
which  are  in  the  plasma  into  the  tissues,  and  thus  thoroughly  infiltrating 
them  with  these  protective  substances.  The  success  of  Bier's  method  of 
treatment,  and  no  doubt,  also,  some  of  the  success  gained  by  Wright  in 
the  flushing  aid  to  his  opsonic  treatment,  are  to  be  attributed  to  this 
dilution  of  the  toxic  products  and  carriage  of  antibodies,  including  the 
so-called  opsonins,  to  the  centres  of  infection.  In  Bier's  treatment,  the 
distension  of  the  vessels  causes  an  exudation  of  lymph  which  bathes 
the  tissues ;  and,  in  Wright's  method,  the  hypertonic  saline,  by  its  osmotic 
effect,  also  produces  a  similar  exudation.  The  exudates  also  loosen 
and  separate  the  tissues,  and  thus  aid  the  passage  of  the  leucocytes  in 
their  protective  work.  By  separating  inflamed  surfaces,  e.g.  the  costal 
and  visceral  layers  of  the  pleura,  they  aid  the  healing  process.  Further, 
the  fibrin,  when  formed,  coats  over  inflamed  surfaces  (fig.  51),  protects 
them,  and  tends  to  localise  the  area  of  inflammation.  It  also  brings 
about  a  temporary  union  between  opposed  surfaces,  and  forms  a  kind 
of  scaffolding  for  the  processes  of  repair. 

The  Solid  Constituents  of  the  Exudates.— It  has  been  stated  already 
that,  in  inflammatory  exudates,  there  is  more  protein  than  in  ordinary 
lvmph.  The  damage  to  the  vascular  endothelium,  resulting  in  the  easier 
passage  out  of  fluid,  is,  in  part,  an  explanation  of  this  fact.     But  besides 
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the  proteins  from  the  plasma,  there  must  be  others  derived  from  the 
breaking  down  of  leucocytes  and  other  oelk.  The  inflammatory  exudate 
contains,  in  addition,  ferments,  remain*  of  bacteria]  bodies,  and  various 
products  of  the  growth  of  bacteria.  There  may  also  bt 
and.  as  Klotz  1  has  stated,  a  definite  amount  of  Boaps.  The  quantities 
of  these  substances  vary  within  wide  limits,  and  this  variation  dep 

to  a  certain  extent  on  the  intensity  and  character  of  the  inflammation. 


Fig.  51. — Acute  pleurisy,  shewing  deposit  of  fibrin  and  leucocytes 
on  the  surface  of  the  pleura.     X  CO. 


though  other  factors,  e.g.  the  rite  of  exudation,  the  character  of  the 
blood,  etc.,  are  also  of  importance. 

Of  the  ferments  present,  tli,  riH'd  in  the  formation  of  fibrin  is 

pecial  importance.    This  fibrin  is  deposited  in  more  or  less  thick 

layers,  especially  on  endothelial  or  epithelial  surfaces  where  there  has 

been  some  damage  to  the  cells  (figB.  51  and  52).  There  is  a  distinct 
relationship  between  fibrin-format  LOU  and  the  breaking  down  of  the 
leucocytes;  but  for  details  and  discussions  in  regard  to  its  exact  method 
of  formation  we  must  refer  <»ur  read<  rtbooks  of  Physiology. 


1  Klotz,  O.,  Jour.  J  ,  L905,  vii.,  No.  6. 
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3.  Escape  of  Red  Blood-Corpuscles. — This  is  not  an  essential  phen- 
omenon of  the  inflammatory  process,  but  it  is  one  of  very  common 
occurrence.  Small  accumulations  of  red  blood-corpuscles  may  be  scat- 
tered over  the  inflamed  area,  or  the  exudate  may  be  haemorrhagic — the 
result  of  some  general  diseased  condition  such  as  scurvy  or  leukaemia,  or 
of  a  wide-spread  degeneration  in  the  walls  of  the  blood-vessels  caused  by 
the  special  action  of  some  toxin  or  other  irritant.  The  commoner  con- 
dition of  small  areas  of  haemorrhage  seems  to  be  due  to  the  rupture  of 
over-dilated  vessels,  no  doubt  to  a  certain  extent  aided  by  the  alteration 
in,  and  degeneration  of,  the  vascular  endothelium.  Their  extremely 
common  occurrence  in  general  septic  poisonings  supports  the  view  of 


Fig.  52. — Acute  pericarditis,  shewing  irregular  masses  of  fibrin  with 
entangled  leucocytes.     X40. 


vascular  degeneration  being  a  causal  condition.  The  red  blood-corpuscles 
appear  in  the  form  of  small  clumps  near  the  engorged  vessels,  and  are 
often  found  in  the  early  stages  of  the  inflammatory  process.  Some 
authorities  maintain  that  they  pass  out  either  between  the  epithelial 
cells,  on  account  of  the  softening  of  the  cement-substance,  or  through 
the  apertures  left  by  the  migrated  leucocytes;  but,  though  this  method 
is  possible,  most  evidence  seems  to  point  to  rupture  of  the  vessels  as 
being  the  main  means  of  escape. 

4.  Emigration  of  Leucocytes.— The  emigration  of  the  leucocytes  is 
regarded  by  Metchnikoff  and  his  pupils  as  the  essential  feature  of  all 
inflammatory  processes.  It  is  certainly  a  constant  feature,  and  playa 
an  extremely  important  part.  It  is  not  necessary  to  deal  with  the  dis- 
covery of  the  migration  of  the  leucocytes  by  Addison  and  others.     It  is 
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now  generally  agreed  that  most,  if  not  all,  varieties  of  leucocytes  have 
the  power  of  migrating  from  the  blood-vessels,  and  thai  this  migration 


Fio.  53. — Omentum  of  a  healthy  guinea-pig.      X200. 


Fig.  64.— Acute  inflammation  of  the  Omentum  of  a  guinea-pig,  shewing  ■  dilated  vessel 
in  the  centre,  filled  with  loucocytos.    Gieat  numben  of  emigrated  nils  are  also 

seen,     x  200. 


occurs  in  virtue  of  the  amoeboid  properties  which  they  po .     It  a 

transparent  vascular  membrane  which  has  been  irritated  be  observed, 
the  leucocytes,  after  they  have  come  into  the  peripheral   stream, 
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PLATE  IV 

(From  thesis  by  J.  W.  Dawson.  M.D.) 

FlG.   1. — Longitudinal  Section  of  a  Dilated  Vessel  at  the  Margin  of  a   Wound  (21  1. 
X700.     Note  emigration  of  the  leucocytes  and  their  amoeboid  character. 

a. — Red  blood-corpuscles  in  lumen  of  dilated  capillary. 

6. — Polymorphonuclear  leucocytes  in  lumen  of  dilated  capillary. 

c. — Polymorphs  emigrating  through  wall  of  capillary. 

(/. — Actively  amoeboid  polymorph  which  has  just  escaped  from  capillary. 

e. — Lymphocyte  (mononucleated  cell). 

/. — Fibroblast. 


FlO.  2. — Dilated   Vessel  at  the   Margin  of  a    Wound  (G  hours  after  infliction).      X700. 
Note  emigration  of  polymorphonuclear  leucocytes. 

a. — Lymphocytes  fixed  in  process  of  emigration  through  vessel-wall. 

b. — Similar  lymphocytes  outside  the  vessel. 

c. — Larger  forms  with  indentation  of  the  nucleus. 

(/. — Polymorphonuclear  leucocytes. 

e. — Fibroblast. 
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seen  to  adhere  to  the  walls  of  the  vessels  and  then  to  send  out  pseudo- 
podial  processes,  which  in  a  short  time  project  through  the  wall. 
The  body  of  the  cell  follows,  and  thus  the  leucocytes  gradually 
escape,  and  make  their  way  through  the  tissues  towards  the 
noxious  agent  or  to  the  site  of  damage  (Plate  IV.).  This 
passage  through  the  vessel- wall  occupies  a  varying  amount  of  time, 
depending  on  the  species  of  animal  under  observation,  on  the 
velocity  of  the  blood-stream,  and  on  other  factors.  The  migration  is 
more  rapid  in  warm-blooded  than  in  cold-blooded  animals,  and  the 
rapidity  is  more  marked  if  the  blood-stream  is  very  slow.  The  passage 
is  mainly  through  the  capillaries  and  venules,  and  very  commonly  it  is 
specially  marked  at  the  junction  of  tributaries  (fig.  55).     It  is  doubtful 
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Fig.  55. — Acute  inflammation  in  the  Omentum  of  a  guinea-pig,  shewing  the  marked 
emigration  of  leucocytes  at  the  junction  of  tributaries  of  the  venules.      X  200. 

whether  the  leucocytes  ever  migrate  from  arterioles.  In  most  cases, 
the  migration  occurs  from  the  delicate  vessels  composed  mainly  of 
endothelium,  and  the  leucocytes  make  their  way  between  the  endothelial 
cells;  and  in  this  process  are,  no  doubt,  aided  by  the  softening  which 
has  taken  place  in  the  cement -substance  there.  At  the  same  time,  it 
is  an  established  fact  that  the  leucocytes  can  penetrate  thick  layers  of 
epithelium  and  other  tissues ;  and,  in  their  passage  from  some  of  the 
larger  veins,  which  undoubtedly  does  take  place,  there  must  be  definite 
migration  through  the  fibrous  and  muscular  walls.  The  time  taken  by 
the  leucocytes  to  pass  out  of  the  capillaries  and  venules,  as  has  been 
stated,  varies.  In  the  human  subject,  if  the  blood -flow  is  very  slow, 
they  may  escape  in  from  eight  to  ten  minutes;  if  more  rapid,  they  may 
take  from  one  to  two  hours. 


174 


GENERAL    PATHOLOGY 


Sir  Almroth  Wright  has  described  the  defeni  of  the  organ- 

ism against  bacterial  infection  as  its  phylactic  power:  the  leucocytes  and 
bacteriotropic  substances  in  the  body-fluids  as  phylactic  agents ;  and  the 
transport  of  leucocytes  (emigration)  and  of  bacteriotropic  substances  to  the  site 
of  infection  as  kata  phylaxis.  Thus  any  condition  which  interferes  with  that 
transport  may  be  considered  as  an  anti-kata-phylactic  influence.  The  phyl- 
actic powers  of  the  blood-fluids  can  be  increased,  and  this  increase  he  calls 
epi-phylactic  reinforcement  or  epi-phylactic  response. 


II.  THE    CELLS    OF   ACUTE   INFLAMMATORY    EXUDATES   AND 
THE   TISSUE-CHANGES 

The  facts  recorded  are  founded  on  the  work  of  Metchnikoff  and  his 
school,  Councilman,  Adami,  Maximow,  Marehand,  and  others,  and  on 
experimental  observations  made  by  one  of  the  writers.1     In  these  latter 


J-'iu.   •">(). —  Inflammatory  exudate  of  twenty-lour  hours'  duration,  shewing 
polymorphonuclear  leucocytes.      X  1000. 


experiments,  active  cultures  of  B.  coll  and  other  organisms  wore 
injected  into  the  peritoneal  cavity  of  guinea-pigs,  and  fluid  was  rem* 
by  means  of  capillary  tubes,  at  intervals  of  from  five  minutes  up  to 
seven  days  after  the  injection.  Controls  were  made  with  normal 
guinea-pigs,  and  by  killing  injected  animals  at  various  times  and  examin- 
ing their  tissue-.  Comparisons  were  also  made  with  peritoneal 
exudates  in  the  human  subject,  cases  being  employed  in  which  the 
time  of  the  onset  of  the  peritonitis  could  be  accurately  determi] 
1.  Polymorphonuclear  Leucocytes. - -Tl tea  leucoc;  in  health. the 

1  Beattie,  Jour,  of  Path,  and  Bact.t  IMin.  and  Lond.,  June  r.,"_). 
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most  numerous  variety  in  the  blood,  where  they  constitute  about  seventy 
per  cent,  of  the  total  leucocytes.  They  have  a  nucleus  which  is  divided 
into  segments  or  lobes,  each  segment  being  connected  by  means  of 
a  delicate  filament  of  linin.  The  cytoplasm  contains  irregularly 
scattered  fine  granules,  which  stain  faintly  with  eosin.  These  leucocytes 
are  numerous  in  an  inflammatory  exudate  about  three  hours  after 
inoculation,  and  they  become  more  abundant  in  from  eighteen  to  twenty- 
four  hours  (fig.  56  and  Plate  VI.  fig.  1).  If  they  are  able  to  overcome  the 
irritant,  they  begin  to  diminish  in  from  thirty-six  to  forty-eight  hours 
(fig.  57  and  Plate  VI.  fig.  2),  and  this  diminution  is  very  marked  in  from 
sixty  to  seventy-two  hours.     In  from  eighty-four  to  one  hundred  and  fifty 


Fig.  57. — Inflammatory  exudate  of  forty-eight  hours'  duration,  shewing 
polymorphonuclear  and  mononuclear  leucocytes;    also  phagocytosis.      X  1000. 

hours  they  may  have  disappeared  from  the  exudate.  If,  however,  they 
are  not  able  to  overcome  the  irritant,  a  progressive  increase  takes 
place ;  and  it  may  be  said  that  the  polymorphonuclear  leucocytes  will 
continue  to  migrate  in  'enormous  numbers  as  long  as  the  need  for 
defence  exists,  and  as  long  as  the  strain  of  increased  production  can  be 
borne  by  the  blood-forming  tissue — in  this  case,  the  bone-marrow.  In 
all  of  our  experiments  where  the  injection  produced  a  fatal  result,  these 
leucocytes  were  always  in  enormous  numbers,  even  in  cases  where 
death  was  delayed  as  long  as  ninety-six  hours.  These  results  apply  to 
almost  all  forms  of  inflammation.  With  certain  organisms,  e.  g.  B. 
tuberculosis,  however,  the  polymorphonuclear  response  may  not  be  very 
great ;  and,  in  the  early  stages,  other  cells,  which  will  be  referred  to 
later,  play  the  leading  part. 
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Summary  of  Time-Results 

(Experiments  by  J.  M.  Beatti«\  Jour.  I'niJt.  and  Bad., 

June  1902.) 

Non-Fatal  Cases  : — After  intraperitoneal  injection  of  B.  coli 

Ten  to  twenty  minutes.— Very  few  polymorphonuclear  lcu<  i  und. 

One  hour. — Very  slight  increase  in  number. 

Two  to  two-and-a-half  hours. — Increase  very  definite. 

Three  hours. — A  considerable  number  present. 

Four-and-a-half  to  six  hours. — The  increase  becoming  marked. 

Six  to  thirty  hours. — The  increase  goes  on  during  these  hour-. 

Thirty  to  thirty-six  and  forty-eight  hours. — The  numbers  begin  to 

diminish. 
Fifty-four  hours. — A  very  pronounced  diminution  in  numbers. 
Sixty  to  seventy-two  hours. — Diminution  becomes  more  marked. 
Seventy-eight  hours. — Very  few  polymorphonuclear  leucocytes  present. 
Eighty-four  to  ninety-six  hours. — A  few  still  present. 
They  may  persist  for  some  days,  but  from  the  fifth  to  the  seventh  day 
they  entirely  disappear. 
Fatal  Cases  : — The  times  at  which  the  various  cells  appear  is  practically 
the  same  as  in  non-fatal  cases ;   but  the  increase  in  numbers,  especially 
of  the  polymorphonuclears,  is  maintained  till  the  death  of  the  animal. 

2.  Coarsely   Granular  Eosinophils.— From  one  to  four  per  cent,  of 

the  white  corpuscles  of  normal  blood  shew,  when  stained  with  eosin, 

brilliantly-coloured  pink  granules 
J^jt  m      in  their  protoplasm.     These  are 
S  much    larger   and    more    highly 

^  refractile   than   the   granules   in 

the  polymorphonuclear  leuco- 
cytes. The  lobed  character  of 
the  nucleus  is  not  so  marked,  and 
it  stains  less  intensely  with  the 
basic  dyes.  These  cells  are  very 
fragile,  readily  break  down,  and 
discharge  their  granules.  In  the 
experimental  work  referred  to. 
these  leucocytes  were  found  in 
very  small  numbers,  and  did  not 
appear  to  play  any  very  im- 
portant part  in  the  inflammatory 
conditions  investigated.  In 
ditions,  however,  and 
especially    in    d  due    to 

Fig.  58.-lufianunat,,:.  animal- parasit 68,    they    may    be 

eosinoimilia.      X  1000.  l  >  J  J 

very    markedly  increased  in    the 

blood,  and  may  form  large  collections  in  inflammatory    foci.     Ope1 

has    shewn    experimentally    by    intraperitoneal    injections    of,  an 

1  Opie,  Trans.  Assoc.  Am.  Physicians,  1901,  xix.   136;  Johns  Hopkins  Hosp. 
Bull.,  1904,  p.  lf>. 
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PLATE   V 

Fig.  1. — Peritoneal  Exudate,  G  hours  after  intraperitoneal  inject  ion  of  /,'.  colt.  Shewa 
fragmentation  of  nuclei  and  separation  of  portions  of  the  protoplasm  with  the 
nuclear  fragments.     Film  stained  with  eosin  and  methylene  blue. 


Fie.    2. — Peritoneal  Exudate,   23   hours   after  intraperitoneal   injection  of   B.   typhosus. 
Note  the  erreat  proportion  of  mononucleate.!  cells,  which  are  actively  pha. 
and  amoeboid.     These  cells  are  probably  endothelial  in  origin.     Film  stained  with 
eosin  and  methylene  blue.  X  1000 
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other  bacilli,  B.pyocyaneus,  that  the  eosinophil  leucocytes  are  abundant 
in  the  venules  of  the  mesentery  at  the  end  of  four  hours,  and  migrate 
freely  into  the  surrounding  tissues.  They  evidently,  in  special  con- 
ditions, act  like  the  polymorphonuclear  leucocytes  (fig.  58).  This  agrees 
with  the  view  of  Ehrlich,  Goldmann,  and  others.  Carnegie  Dickson  has 
observed  them,  in  enormous  numbers,  in  the  base  of  certain  gastric  ulcers, 
in  the  submucous  coat,  etc.,  in  many  inflammatory  conditions  of  the 
intestine  and  appendix,  and  in  some  uterine  and  other  inflammations. 
[See  also  p.  602,  Special  Pathology.) 

3.  The  Mononucleated  Cells. — There  is  comparative  agreement  as  to 
the  varieties  of  mononucleated  cells  in  the  blood.  They  may  be  divided 
thus : — 

(a)  Lymphocytes,  which  are  cells  with  a  relatively  large,  darkly- 
staining  nucleus,  and  with  very  scanty  cytoplasm,  in  which  granules 
can  be  seen  near  the  periphery  :  and,  according  to  some  observers,  cells 
similar  to  those  just  described,  but  larger  and  having  more  abundant 
cytoplasm  (large  lymphocytes).  These  together  constitute  about 
twenty-five  to  forty-five  per  cent,  of  the  white  corpuscles  of  the  blcod. 

(b)  "  Hyaline "  Endothelial  Leucocytes,  or  large  mononucleated 
cells,  are  present  in  small  numbers  (one  to  four  per  cent.)  in  the 
circulating  blood,  but  are  more  abundant  in  certain  pathological  states, 
e.  g.  malaria.  In  their  general  character  they  resemble  the  large  lympho- 
cytes, and  it  is  very  difficult  to  draw  any  absolute  distinction  between 
them.  They  are  generally  described  as  having  an  oval  or  kidney-shaped 
nucleus,  which  stains  less  intensely  than  that  of  the  lymphocytes,  and 
cytoplasm  which  is  devoid  of  granules.  This  distinction,  however, 
cannot  be  definitely  maintained,  as  intermediate  forms  are  frequently 
present.  Certain  observers  hold  that  transitional  forms  between 
the  lymphocytes,  small  and  large,  and  these  hyaline  cells,  can  be 
seen  in  the  blood,  and  that  one  is  derived  from  the  other.  This 
certainly  is  not  in  accord  with  our  observations.  In  malaria,  where 
there  is  a  great  increase  of  the  "  hyaline  "  leucocytes,  the  ordinary 
lymphocytes  may  not  be  proportionally  increased;  and  in  other 
cases  where  the  small  lymphocytes  are  greatly  increased  in  number, 
there  need  not  be  any  increase  in  these  large  mononuclear  cells. 
This  certainly  suggests  that  the  two  kinds  are  distinct  in  origin.  It 
is,  we  think,  not  improbable  that  some  of  these  large  mononuclear 
cells  may  originate  from  vascular  and  lymphatic  endothelium.  In 
regard  to  migration,  there  is  now  abundant  evidence  that  the  lymph  - 
cytes  can  migrate.  The  large  mononuclear  cells  shew  well-marked 
amoeboid  movements  on  the  warm  stage,  and  are  able  to  pass  out  of 
the  vessels  in  virtue  of  this  property. 

(c)  Mast-Cells,  about  a  half  per  cent,  of  the  leucocytes,  are  chaiac- 
terised  by  the  presence  of  irregularly  scattered  larger  and  smaller 
basophil  granules,  or  granules  which  shew  metachromatic  staining. 
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These  cells  are  more  frequent  in  some  pathological  conditions  of  the 

blood,  e.g.    myelogenous    Leaks  and    are   probably  degeneration 

forms  of  other  leu< 

In  inflammatory  exudates  produced  experimentally,  various  kinds 

of  mononuclear  ccllfl  are  Been  in  three  hours  after  inoculation,  but,  for 
the  first  twelve  hours,  they  are  scanty.  In  from  eighteen  to  twenty- 
four  hours  the  number  becomes  greater,  and  this  in<  continues 
pari  passu  with  the  diminution  of  the  polymorphonuclear  Leucoc 
until,  after  the  lapse  of  from  fifty-four  to  eighty-four  hours,  most  of  the 
cells  present  are  of  the  large  mononuclear  type.  This  increase  is  main- 
tained until  one  hundred  and  fifty  hours  or  longer. 


Fig.  60.— Mast-Cells,  Bhewin 


<  1000. 


Origin  and  Function  of  the  Various  Cells  found  in  Inflammatory 
Exudates. — Adami  has  classified  these  leucocytes  into  the  following 
t  hree  groups  : — 

1.  The  hsematogenous,  viz.  those   which  migrate  from  the  blood, 
the  polymorphonuclears,  the  eosinophils,  and  the  mast-cells. 

2.  The  histo-haematogenous,  which  include  the  Lymphocytes,  the 
hyaline   cells,   and   other  forms   which   mac   resemble   these   and   may 

be   derived    from    them.    These  may  either   have    passed   into   the 

inflammatory    focus    from    the     blood-stream,    or    may    arise    by    local 
proliferation  of  cells  already  in  the  tissu 

3.  The  histogenous  cells,  which  are   locally   produced   cells,   and 
arise  by  proliferation  of  the  fixed  tissue  elemei 

1.  The  hematogenous  cells  : 
(a)  The  polymorphonuclear  leucocytes  have  as  their  main  function 
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PLATE  VI 

Ki<;.  1. — -Peritoneal  Exudate,  24  hours  after  intraperitoneal  injection  of  /;. 

relative  proportion  of  polymorphonuclear  leucocytes  to  mononucleate^  cells, 
and  active  phagocytosis.     Note  the  pseudopodia  of  the  mononucleated  cells. 

Film  stained  with  eoein  and  methylene  blue.  X  1000 


Fig.  2. — Peritoneal  Exudate,  4S  hours  after  intraperitoneal  injection  of  H.  colt.  Shews 
transition  stages  between  the  small  and  the  large  mononuclears,  and  phagocytosis. 
Film  stained  with  eosin  and  methylene  blue.  X  1000 
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the  destruction  of  the  irritant.  They  appear  very  early  in  the  process  of 
inflammation  (Plate  V.  fig.  1),  ingest  irritant  particles,  and  ingest  and 
digest  organised  irritants,  e.g.  bacteria  (Plates  V.  VI.  VII.).  Ineit 
material  such  as  carmine  or  vermilion  is  taken  up  by  these  cells  very 
soon  after  it  is  injected.  Bacteria  are  also  ingested  in  a  very  short  time, 
but, in  the  experiments  referred  to  above, the  ingestion  of  motile  bacteria 
was  a  much  later  phenomenon  than  the  ingestion  of  particles  of  carmine. 
This  at  least  suggests  that  the  bacteria  are  injured  in  some  way  before 
the  cells  are  able  to  seize  upon  them.  Metchnikoff  maintains  that  the 
cells  can  ingest  uninjured  living  bacteria,  but  most  observers  hold  that 
the  organisms  are  first  altered  in  some  way  by  substances  contained  in 
the  plasma.  We  agree  that  substances  inimical  to  bacteria  are  present 
in  the  plasma,  and  that  they  are  produced  by  the  cells,  but  we  do  not 
think  there  is  sufficient  evidence  to  determine  which  of  the  various 
types  of  cells  is  responsible  for  their  production.  There  seems, 
however,  very  little  doubt  that  these  neutrophile  cells  do  produce 
proteolytic  ferments  capable  of  digesting  fibrin,  etc.,  and  there  is 
abundant  evidence  of  the  presence  in  the  blood  of  substances, 
"  opsonins,"  which  have  the  power  of  producing  a  more  active 
phagocytosis. 

(b)  The  eosinophil  leucocytes  are,  we  believe,  definitely  phagocytic 
to  bacteria;  and  in  response  to  certain  chemiotactic  stimuli  they 
may,  as  Ehrlich  holds,  take  the  place  of  the  polymorphonuclear 
leucocytes  and  perform  the  same  functions.  They  may  possibly  also 
have  important,  but  as  yet  little  understood,  relations  to  the  formation 
of  certain  ferments. 

(c)  The  mast-cells. — These  need  not  be  discussed,  as  there  is  very 
little  evidence  that  they  take  any  part  in  the  active  processes  of 
inflammation.  It  is,  we  think,  not  improbable  that  these  cells  are 
simply  degenerative  products  of  other  cells. 

2.  The  histo-haematogenous  cells.— With  regard  to  the  small  lympho- 
cytes, they  probably  take  little  part  in  the  acute  inflammatory  processes ; 
but  it  is  generally  held  that  in  the  more  chronic  conditions,  and  in  those 
in  which  the  cell-reactions  are  delayed  for  some  days,  such  as  that 
produced  by  Spirochete  pallida  and  Bacillus  tuberculosis,  or  whore 
toxins  have  been  acting  over  a  fairly  long  period,  as  in  the  kidney  in 
prolonged  cases  of  scarlet  fever  or  in  subacute  inflammation  of  the  kidney, 
etc.,  these  cells  migrate  in  considerable  numbers  from  the  blood-vessels. 
Certainly,  in  the  above  conditions,  collections  of  small  cells  possessing 
all  the  characters  of  lymphocytes  are  seen  in  the  tissues  (fig.  60).  They 
are  also  found  in  the  cerebro-spinal  fluid  in  cases  of  mumps,  measles  and 
in  other  infectious  diseases,  even  at  a  comparatively  early  Btage,  and 
in  more  chronic  conditions,  e.g.  general  paralysis  of  the  insane  and 
other  syphilitic  diseases. 
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We  strongly  Bupport  the  view  of  Adami  and  others,  that  the  Lympho- 

cyto-like  cells  seen  in  the  tissues  and  exudates  during  the  inflammal 
process  may  be  derived  by  proliferation  bom  the  Lymphoid  cells  normally 
present  to  a  greater  01  less  extent  in  various  situations,  but  especially 
in  the  perivascular  tisane.  These  lymphocyte-Eke  cells  undoubtedly 
migrate  from  the  Lymph-nodes  and  from  the  Lymphatic 
must  also  accept  the  view  that  some  of  them  migrate  from  the  blood- 
vessels. According  to  Schridde,  the  granules  of  those  cells  derived  from 
the  perivascular  lymph-tissue  are  Larger,  fewer  in  number,  and  of  a  more 
pronounced  red  colour  than  those  of  the  blood-lymphocytes.  With 
ordinary  aniline  stains  it  is  quite  impossible  to  distinguish  the  one  form 

of  cell  from  the  other,  and  we 
could  not  clearly  different] 
them  even  with  Schridde's  l  modi- 
fication of  Altmann's  stain.  We 
are  strongly  of  opinion  that  a 
considerable  proportion  of  the  so- 
called  "lymphocytes"  are  derived 
by  proliferation  from  endothelial 
cells  (vide  Plate  V.  fig.  2). 

Plasma-Cells.— (Fig.  60).  The 
only  other  form  of  mononuclear 
cell  that  comes  into  this  group  is 
the  so-called  "  plasma-cell.*'  The 
literature  on  the  subject  of  the 
plasma-cell  is  most  confusing.  The 
differentiation  of  this  from  other 
cells  was  originally  founded  on  a 
definite  staining  process.  I 
observers  base  the  differentiation 
on  the  structure,  position,  and 
Staining  reaction  of  the  nucleus; 
and  many  authors  describe  cells  which  have  one  or  more  of  these 
differential  characters  as  plasma-cells.    We  shall  not  attempl  ncile 

the  conflicting  views,  hut  shall  content  ourselves  by  giving  Adami's 
description  of  the  plasma-cell:2 — "  It  has  a  relatively  small,  round 
or    oval,    not    indented    nucleus  ly    granular    rich   in    chromatin, 

and,  further,  staining  darkly;  the  nucleus  is  situated  eccentrically. 
The  cell-body  stains  deeply  with  Unna's  methylene  blue;  the  Bhape 
within  the  tissues  is  liable  to  considerable  variation  often  rounded 
or  oval;  the  cells  may  he  polygonal  or  even  drawn  out  into  a  spindle; 
they    are    obscurely    amoeboid.  .  .  .  As  they   grow    Larger  and    older. 

1  Schridde,    Annt.    II  >  ft,    IG05,    wviii.    p.    i* ;    MUnekner    Mel.    Wocikau 
1905,  Nos.  26,  29,  and  39,  and  ibid.,  190G,  No.  4;    and  Verhandl.  der  D.  Pathol. 
Gesellsch.  Meran.,  1905. 

2  Adami,  InJIannn"'       .  Maomillan  &  Co.,  1907,  p.  64. 


Fig.  80.— Lympbocyte-like  cells  from  a 
chronic  Inflammatory  focus,     x  L000. 
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the  cytoplasm  tends  to  become  vacuolated  and  the  nucleus  to  be 
less  deeply  stained."  This  author  holds  that  they  are  formed  from  the 
proliferating  perivascular  tissues,  though  he  admits  that  some  of  them  may 
be  derived  from  the  normal  lymphocytes,  the  latter  view  being  now 
that  most  commonly  held.  Maximow  believes  that  they  are  derived 
principally  from  the  lymphocytes.  We  believe  that,  in  their  differen- 
tiation into  groups,  too  much  stress  has  been  laid  on  staining  reaction 
of  dead  cells,  and  on  the  shape  and  position  of  the  nucleus.  With 
amoeboid  movement  of  the  cell,  the  nucleus  alters  its  position  in  the 
cytoplasm,  and  staining  reactions  differ  in  relation  to  age  and  functional 
activity;  and  it  seems  that  no  very  useful  purpose  is  served  by  this 
differentiation.  These  so-called  plasma-cells  are  amoeboid  and  phago- 
cytic, though  some  observers  deny  the  latter  characteristic;  and  they 
correspond  in  all  respects  with  the  mononucleated  phagocytic  cells  of 
inflammatory  exudations,  which  probably  arise  from  lymphocytes,  and 
the  cells  of  vascular  and  lymphatic  endothelium,  endothelium  of  serous 
surfaces,  etc.  They  are  usually  found  in  inflammations  more  or  less 
sub-acute  in  type,  and  have  been  regarded  as  concerned  in  the  pro- 
duction of  some  secretory  or  excretory  substance.  It  is  generally  held 
that  they  do  not  become  fibroblasts  or  take  any  special  part  in  repair. 
Maximow,  however,  states  that  his  polyblasts  (the  whole  group  of 
wandering  cells  derived  from  lymphocytes),  among  which  he  includes 
the  plasma-cells,  do  form  fibroblasts. 

3.  Histogenous  Leucocytes  : — 

(i)  The  Cells  derived  from  serous,  vascular,  and  lymphatic  endo- 
thelium.— (Plates  V.  fig.  2  and  VII.  fig.  1).  These  vary  considerably 
in  size.  They  may  be  small,  and  have  a  scanty  amount  of  cytoplasm, 
and  a  nucleus,  rich  in  chromatin,  which  practically  fills  the  cell;  or 
there  may  be  abundant  cytoplasm  which  may  be  vacuolated,  and  a 
nucleus — oval  or  indented — which  does  not  take  on  the  nuclear  stains 
very  intensely.  All  transitions  may  be  made  out  between  these  two 
varieties  (Plate  VII.  fig.  2).  As  has  been  already  stated,  these  cells 
are  present  in  the  inflammatory  exudate  in  the  early  stages,  but  no 
great  increase  takes  place  till  from  the  eighteenth  to  the  twenty-fourth 
hour,  and  then,  in  non-fatal  cases,  they  preponderate,  until  eventually 
the  exudate  contains  very  few  cells  of  other  types  (Plates  VII.  fig.  2 
and  VIII.  fig.  2).  They  are  actively  phagocytic  and  may  take  up 
bacteria,  though  in  this  respect  the  polymorphonuclears  are  usually 
much  more  active.  If,  however,  tubercle  bacilli  are  injected  into 
the  peritoneal  sac,  the  mononuclears  are  found  to  be  their  principal 
phagocytes  (Plate  VIII.  fig.  2),  whilst  in  non-tuberculous  inflammatory 
lesions,  the  mononuclear  cells  are  phagocytic  chiefly  to  other  cells, 
taking  up  and  destroying  polymorphonuclears,  eosinophils,  and  red 
blood-corpuscles    (Plates  V.  to  VIII.),  and  certain  animal  parasites, 
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if    these    be  present.     Between    these    mononuclear    cells    of    endo- 
thelial origin  and  the  large  mononuclears  which  have  emigrated  from 
the  blood-vessels,  we  are  not  able  to  differentiate.    All  we  can  e 
is,  that  transitional  forms  between  the  actively  proliferati]  uelial 

cells   and   free   mononuclears   which    resemble   lymphocytes   can   be 
distinguished  (Plates  VII.  fig.  2  and  VIII.  fig.  1).    This  pi  an  be 

tally  well  followed  in  meningitis,  especially  in  meningococcal  c 
as  well  as  in  cases  of  pleurisy,  peritonitis,  etc.    There  seems,  how 
little  doubt  that  a  considerable  proportion  of  the  large  mononuclear 
cells  of  inflammatory  lymph  are  produced  by  proliferation  of  endothelial 
cells,  though  some  may  also  be  derived  from  cells  which  have  mig] 
from  the  blood-vessels. 

(ii)  Cells  derived  from  other  tissues. — In  inflammation  of  the 
the  corneal  corpuscles  swell  and  undergo  division.     The  newly-formed 


1  •"!<;.  01. — Film  of  inflammatory  exudate  from  a  case  of  acute  pleurisy  of  several 

duration,  Bhewing  the  preponderance  of  mononucleated  cells,  the  majority  of  which 
aro  derived  from  the  serous  endothelium.  Transition -forma  coming  to  resemble 
small  "lymphocytes  "  aro  seen.     X  1000. 

cells  are  of  the  mononuclear  type,  and  become  actively  phagocytic 
tO  other  cells.  When  separated  from  their  normal  position  and  relation, 
these  cells  cannot  be  distinguished  from  those  derived  from  endothelial 
structures. 

Clasmatocytes  Ranvier  described  as  clasmatocytes  certain  large,  appar- 
ently wandering  cells,  elongated  01  much  branched,  and  possessing  an  oval 
nucleus.    The  cytoplasm  contains  granules  which  he  regarded  as  a  Btored-up 

secretion.  He  claimed  that  they  originate  from  leucocytes,  and  are  derived 
from  the  Wood.  Bfarchand  and  others  hold  that  they  are  "  primitive  wander- 
ing cells  "  in  the  tissues.  They  resemble  tie-  modified  cornea 
described  by  Benftleben  and  Councilman,  and  come  into  the  class  of  the  mono- 
nucleated  cells  of  the  inflammatory  |  the  evidence  seeming  to  point 
to  their  being  histogenous  in  origin. 

Polyblasts. — AVe  can  deal  only  very  briefly  with  the  group  of  cells  called 
by  Maximow  polyblasts,  and  among  wlrcli  he  includes  the  plasma-cell.     These 
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PLATE   VII 

1'ic  1.  —I'/'  wral  Exndatt  (from  a  case  of  Acute  Pleurisy,  right  side).    Shews phagoc] 

l)\-  polymorphonuclear  leucocytes,  also  vacuolation  ol  and  phagocyioaii  by,  Um 

endothelial  cells.     Film  fixed  with  Muir's  solution  and  stained  with  eotin  and 
methylene  bine. 


FlO.   2. — Pleural  Exudate  (same  case  at  later  period,  left  side.     Shews  LncreMQ  in  mono- 
nuclear cells  as  compared   with   polymorphonuclear  '  .  and  transition. 

i  between  the  large  and  the  small  mononuclears.     Film  fixed  with  Ifnir'a 

solution  and  stained  with  eosin  and  methylene  blue. 
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are  amoeboid,  wandering,  mononucleated  cells  which  are  phagocytic:  and 
in  the  group  are  included  the  various  forms  of  mononuclear  cells  we  have 
described.     Maximow  derives  these  from  three  sources  :— 

(1)  A  small  proportion  from  wandering  cells  pre-existing  in  the  con- 

nective tissue. 

(2)  A  small  number  from  pre-existing  adventitial  cells  e.  g.  endothelial 

cells  of  serous  membranes,  of  perivascular  lymphatic  tissue,  etc. 

(3)  The  principal  part  from  lymphocytes  which  have  emigrated  from 

the  blood-vessels. 

All  these  cells  are  capable  of  developing  into  large,  amoeboid,  irregularly- 
shaped  cells,  with  a  very  definite  centrosome-apparatus,  situated  most  com- 
monly in  the  cytoplasm  close  to  the  nucleus. 


Fig.  62. — Omentum  from  a  case  of  peritonitis  following  rupture  of  the  liver.  Death 
in  three  days.  Cells  are  mainly  mononuclear  in  type,  and  some  have  branching 
processes.     These  correspond  with  the  clasmatocytes  of  Ranvier.     x  200. 

Fibroblasts. — These  cells,  formed  from  fixed  connective-tissue  cells, 
arc  a  later  production,  and  will  be  discussed  under  Repair. 

Giant-Cells. — Some  of  these  are  formed  by  aberrant  cell-growth, 
where  the  nuclei  undergo  division  without  the  protoplasm  following  suit ; 
but  the  majority  are  formed  by  fusion  into  plasmodial  masses  of  endo- 
thelial, and  perhaps  of  other  forms  of  mesoblastic,  cells.  They  are 
amoeboid,  and  actively  phagocytic.  They  may  be  found  quite  early  in  the 
acute  stage  of  the  inflammatory  process,  but,  more  commonly,  are  a  later 
production.  They  are  generally  well  developed  where  resistant  tissues, 
e.  g.  bone,  or  foreign  bodies,  such  as  cat-gut,  etc.,  have  to  be  absorbed 
(fig.  63),  and  they  are  a  special  feature  of  certain  chronic  inflammatory 
conditions  (fig.  64),  e.g.  tuberculosis,  syphilis,  etc. 
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Tig.  03.-Giant-cells  bringing  about  absorption  of  muscle  and 
foreign  body— a  pieco  of  catgut,      x  300. 


fW        &«. 


Imo.  G  t.-Production  of  KnJothdio.d  and  Ciant  cclis  around  a  deposit 
of  lrate>  m  Cout.      x  300. 
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PHAGOCYTOSIS 

{See  Coloured  Plates  III.  and  IV.  facing  pp.  74,  172,  and  Plates  V.  VI.  VII.  VIII.) 

Reference  has  already  been  made  in  various  places  to  the  ingestion 
of  bacteria,  foreign  particles,  red  blood-corpuscles,  and  other  cells  by  the 
leucocytes,  but  the  subject  is  of  such  importance  that  special  consideration 
of  it  is  necessary.  The  brilliant  work  of  MetchnikofI  and  his  pupils  has 
given  to  the  subject  of  phagocytosis  an  extremely  prominent  place,  not 
only  in  the  study  of  the  processes  of  inflammation,  but  in  the  much  wider 
sphere  of  immunity  against  disease.  We  may  not  agree  altogether  with 
his  conclusions,  but  about  the  extreme  accuracy  of  his  observations  there 
can  be  no  doubt.  They  have  stood  the  test  of  time,  and,  in  spite  of  all 
opposition,  are  now  almost  universally  accepted.  MetchnikofI  has  studied 
the  subject  in  numerous  types  of  the  animal  kingdom  and  has  shewn  that 
phagocytosis  is  an  almost  universal  endowment  of  cell-life,  that  it  is  the 
most  important  defensive  agent  against  disease  or  disease-producing 
products,  and  that  it  is  an  essential  factor  for  the  carrying  on  of  cell -life. 
Much  of  the  moulding  of  the  body-tissues  (e.  g.  the  bones)  is  performed  by 
phagocytic  cells;  waste-products  and  damaged  tissues  are  removed  by 
them;  and  they  are  the  producers  of  secretions  of  various  kinds  which 
play  important  parts  in  protection  against,  and  in  the  cure  of,  disease. 

The  principal  phagocytes — the  leucocytes — project  pseudopodia  or 
processes  of  their  protoplasm,  by  which  they  grasp  or  surround,  and  thus 
incorporate,  their  prey  (Plate  VI.  fig.  1).  After  ingestion,  a  clear  space, 
containing  fluid,  forms  round  the  foreign  material  (Plate  VI.),  this  being 
probably  a  digestive  secretion  of  some  kind,  the  reaction  of  which  can  be 
shewn  to  be  definitely  acid  in  most  cases.  Under  ordinary  circumstances, 
gradual  digestion  of  the  foreign  material  takes  place,  and  eventually, 
unless  the  material  is  very  resistant,  it  entirely  disappears,  and  the  phago- 
cytic cell  resumes  its  normal  condition.  The  parts  of  the  englobed  foreign 
material  which  resist  digestion  may  be  extruded.  Numerous  digestive 
vacuoles  may  appear  in  one  cell,  and  some  of  the  large  mononuclear  cells 
may  ingest  and  digest  a  dozen  or  more  polymorphonuclear  leucocytes 
or  red  blood -corpuscles  (Plate  VIII.  fig.  2). 

In  the  human  body,  probably  most  of  the  cells  which  are  actively 
engaged  in  nutrition  possess  phagocytic  properties.  This  is  certainly  true 
of  the  majority  of  the  haemal  leucocytes:  of  endothelial  cells  lining 
blood-vessels,  lymphatics  and  serous  sacs  :  of  liver-cells  :  of  certain  renal 
cells,  especially  those  of  the  secreting  and  collecting  tubules :  of  cells 
lining  the  pulmonary  alveoli  and  bronchi :  of  the  cells  of  mucous 
membranes,  and  of  many  of  the  fixed  connective-tissue  cells. 

In  the  processes  of  inflammation,  the  phagocytic  properties  of  the 
cells  become  more  pronounced.  In  the  early  stages,  the  first  migratory 
cells  which  shew  active  phagocytosis  are  the  polymorphonuclear  Leucocytes  ; 
but  the  fixed  endothelial  cells,  while  still  in  position  on  the  surface  of  an 
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inflamed  serous    membrane,   ms  actively    phagocytic    before  the 

leucocytes   have   migrated. 

The  polymorphonuclear  leucocytes  ingest  foreign  particles,  but  are 
apparently  specially  concerned  in  the  ingestion  of  mosi  of  the  infe< 
bacteria.      These   cells    may     also     ingest    red     Mood-cor]  and 

particles  of  dead  or  necrosing  tissues,  as  weD  a  Q   particl 

as  carbon,  blood-pigment,  etc.  Living  bacteria  an*  undoubtedly 
taken  up  by  them,  and  the  process  of  digestion  may  be  very  in- 
complete— so  incomplete  indeed  that  after  some  time  the  bacteria  may 
still  be  capable  of  growth.  In  many  cases,  the  polymorphs  simply 
carry  their  ingested  material  to  the  surface,  as  in  an  ulcer,  where  it  may 
be  cast  off,  or  into  the  lymphatic  channels  and  glands,  where  it  may  be 
deposited.  These  polymorphs  have  been  termed  microphages  by  Metchni- 
koff,  to  distinguish  them  from  the  more  active  and  probably  more  import- 
ant mononucleated  phagocytes,  the  macrophages,  which  certainly  have  the 
larger  share  in  the  removal  of  dead  or  degenerated  material.  Within  the 
macrophages,  a  clear  space  containing  fluid  surrounds  the  ingested  material, 
and,  in  these  vacuoles,  which  may  be  very  numerous  (Plate  VIII.  fig.  2), 
there  is  a  gradual  disappearance  or  digestion  of  the  included  bacteria,  and 
of  the  polymorphonuclear  leucocytes  or  other  cells.  The  nuclei  of  the 
included  cells  become  fragmented,  and  a  gradual  solution  or  digestion  of 
the  chromatin  takes  place,  and  this  is  followed  by  a  disappearance  of  the 
cytoplasm.  The  bacteria  lose  their  staining  reaction,  and  are  gradually 
dissolved.  The  red  corpuscles  shrink,  and  their  haemoglobin  may  either 
be  absorbed  or  may  remain  as  pigment  within  the  phagocyte.  In  some 
cases,  and  especially  with  certain  bacteria — e.g.  B.  tuberculosis  (Plate  VIII. 
fig.  1),  B.  leprce,  B.  mallei,  Meningococcus  and  Gonococcus — the  organisms 
may  remain  in  the  cells  for  a  long  time  with  little  or  no  destructive  changes 
taking  place  in  them.  In  some  cases,  it  would  even  appear  that  they 
are  capable  of  actively  proliferating,  and  in  tins  respect  they  resemble  some 
of  the  parasites  infesting  unicellular  organisms.  There  also  seems  to  be 
some  relation  between  the  virulence  of  the  organisms  and  the  amount  of 
phagocytosis.  As  a  general  rule,  it  may  be  stated  that,  the  more  virulent 
the  organism,  the  less  is  the  amount  of  phagocytosis,  and  the  later  is  it 
in  making  its  appearance.  The  phagocytic  action  appears  to  be  aided, 
as  has  been  stated  previously,  by  substances  in  the  blood-serum  and 
lymph  which  have  an  injurious  action  on  living  organisms.    T  glut- 

inins,  antitoxins,  opsonins,  etc.,  are  probably  produced  by  the  various 
cells  of  the  body,  and  not  specially  or  exclusively  by  the  few 

Fate  of  the  Various  Cells  in  the  Absorption  of  the  Exudate  and  in  Repair. 
— Many  of  the  polymorphs  are  casi  off  oi  destroyed  as  pus-corpuscles, 
others  are  ingested  by  the  mononucleated  phagocytes,  while  some  enter 
the  lymphatics  and  possibly  also  the  blood-stream.  They  probably 
take  no  part  in  the  formation  of  new  tissue  The  mononucleated  cells 
may  migrate  into  the  lymphatics  and  pass  to  the  lymphatic  glands, 
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PLATE  VIII 

Fig.  1.  ^Peritoneal  Exudate,  25  days  after  intraperitoneal  injection  of  B.  tuberculosis. 
Shews  transition-stages  between  the  large  and  the  small  mononuclears,  the 
phagocytosis  of  both  cells  and  bacilli,  and  the  absence  of  polymorphonuclear 
[oncocytes.     Film  stained  by  Ziehl-Neelsen's  method. 


In;.  2. — Peritoneal  Exudate,  48  hours  after  intraperitoneal  injection  of  B.  coli.    SI 
increase  in  mononucleated  cells  as  compared  with  polymorphonuclear  leuc 
active  phagocytosis,  and  Stages  in  the  defeneration  of  the  ingested  leud 
Film  stained  by  Benda'fl  satlianin  and  light-green  method. 
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where  the  foreign  matter  they  contain  may  be  deposited.  Others  appar- 
ently enter  the  blood-stream  and  are  carried  to  the  spleen,  bone-marrow, 
and  various  other  organs  and  tissues,  where  their  contents  are  deposited, 
and  where  the  cells  undergo  disintegration.  The  part  they  play  in  the 
formation  of  new  tissue  will  be  discussed  under  Repair. 

Causes  of  Leucocyte-Emigration. — We  have  seen  that  the  leucocytes 
are  actively  amoeboid,  and  that,  when  the  blood-stream  is  slowed,  they 
pass  to  the  periphery  and  attach  themselves  to  the  walls  of  the  vessels. 
It  has  been  pointed  out  that  they  may  move  backwards  and  forwards  in 
the  vessel  before  finally  attaching  themselves  to  it,  as  if  seeking  a  suitable 
place  of  exit.  Protoplasmic  processes  are  projected  through  the  vessel- 
wall,  the  nucleus  with  a  small  ring  of  cytoplasm  being  the  first  part  of 


Fig.  65. — Acute  Pneumonia,  shewing  fibrin  and  leucocytes  in  the 
air-spaces  of  the  lung,      x  200. 

the  cell  to  pass  out.  Finally,  the  whole  cell  is  seen  to  escape  and  to  migrate 
to  the  definite  centre  of  irritation.  It  has  also  been  pointed  out  that, 
as  a  result  of  the  inflammatory  process,  the  endothelium  of  the  dilated 
vessels  becomes  swollen,  and  the  cement-substance  between  the  cells 
loosened.  The  swelling  of  the  endothelium,  the  slowing  of  the  stream, 
and  the  dilatation  of  the  vessels  must  aid  the  accumulation  of  the  leuco- 
cytes at  the  periphery.  The  loosening  of  the  cement-substance  must 
render  the  walls  of  the  capillaries  more  pervious,  and  thus  make  the 
passage  of  the  leucocytes  easier;  but  the  essential  point  in  this  emigra- 
tion is  the  active  amoeboid  power  of  the  leucocyte  itself.  This  emigration 
is  determined  by  some  attractive  force  outside  the  vessel.  It  has  been 
definitely  shown  by  experiment  that  certain  products  of  bacterial  activity 
and  tissue-metabolism,  as  well  as  certain  chemical  and  physical   agents, 
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attract  wandering  cells,  while  others  have  no  a*-  Leber1 

studied  this  Bubject  very  carefully  by  Lntroducu 
the  outer  end  and  containing  chemicals,  into  the  blood-i  Be  and 

other  ol  found  that  certain  chemical  Bubsl  e.g.  vai 

compoundfl  of  mercury,  finely-powdered  copper,  turpenl  -it  a 

positive  attraction;    whilst  quinine,  chloroform,  glj  alcohol, 

act  negatively;  that  weak  solutions  sometimes  ad  positively,  whii 
have  a  negative  action.    The  toxins  of  most  of  the  septic 
and  the  toxin  of  diphtheria, if  not  too  concentrated, attract  l< 
great  numbers,  whereas,  if  they  are  concentrated,  the  leu<  ition 

i  marked.  To  this  force  the  name  chemiotaxis  ha- 
lf the  mesentery  of  a  frog  ifl  exposed  and  irritated,  even  with  normal 
saline  solution,  the  leucocytic  changes  described  are  seen.  The  .-aline 
solution,  or  even  the  mere  exposure  to  air.  exerts  a  positive  chemiotactic 
action.  If,  however,  the  exposed  mesentery  i-  washed  with  a  weak 
solution  of  quinine,  as  first  pointed  out  by  Binz,2  the  leuca  main 

globular  and  do  not  become  adherent  to  the  walls  of  the  vessels.  Binz 
thought  that  the  (jiiinine  paralysed  the  leucocytes,  but  Disselhorst  'shewed 
that  if  the  leucocytes  were  removed  from  the  vessels,  their  amoeboid 
movement  was  still  quite  evident.  Apparently,  the  only  explanation 
of  this  fact  is  that  the  quinine  has  neutralised  the  previous  positive 
attraction,  and  a  negative  chemiotaxis  is  set  up.  Besides  the  attractive 
force  of  chemical  agent8  and  bacterial  products,  there  are  other  possible 
form  '.iiiuli    which   may   produce   leucocytic   emigration.     In   fact. 

these  blood-leucocytes  probably  respond  to  stimuli  in  the  same  manner  as 
amoebaB  and  other  unicellular  organisms, and,  therefore,  the  reactions  to 
light,  heat,  electricity,  and  various  tactile  stimuli  must  also  be  regarded 
as  forces  which  influence  the  lei*  in  their  movements. 

Summary 
Before  dealing  with  the  subject  of  Repair,  it  will  be  convenient  to  give 

a  bri<-f  summary  of  the  part  played  by  the  various  cells  in  the  inflammatory 
proa 

Polymorphonuclear  Leucocytes.  In  acute  inflammation  of  bacterial 
origin,  these  an-  the  cells  which,  in  the  early  stages,  play  the  most  important 
part.  They  migrate  in  enormous  numbers,  and  often  for  considerable  dis- 
tances, to  the  sit.-  of  irritation.  They  are  actively  phagocytic  to  bacteria 
and  may  produce  a  ferment,  which  is  liberated  either  during  the  life  or  after 
the  death  of  tie-  cell,  and  which  may  ha  b  deleterious  influence  on  living 

aisms.    After  they  have  performed  their  functions,  they  may  wander 
back  into  the  lymphatics  or  blood  ;   may  undei  lution  or  dis- 

integration i  may  he  cast  off  as  \  or  may  be  englobed  and 

sted  by  the  proliferating  ells  and  mononuclear  leu  In 

le-formation  they  probably  take  no  part. 

Eosinophil  Leucocytes.     These,  unless  in  special  circum  take  very 

1  Leber,  Du  ft  Ingelmanw,  1881. 

•,/,  Vircl  ,  1874    lix  1878,  Ixxiii.  p.  282  ;    L8fl 

p.  > 

Disselhorst,  H>i>l.,  Inss,  cxiii.  p   i«.«v 
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little  part  in  acute  inflammatory  processes.  Under  the  influence  of  certain 
irritants,  especially  those  produced  by  certain  animal  parasites,  they  become 
abundant  in  the  blood  and  migrate  to  the  inflammatory  foci.  They  are 
phagocytic  to  bacteria,  though  perhaps  in  a  minor  degree.  They  are  very 
fragile,  and  many  of  them  become  disintegrated  in  the  inflammatory  tissue. 
Their  function  is  quite  unknown.  The  secreting  activity  associated  with 
an  alleged  active  discharge  of  their  granules  has  not  been  confirmed,  and  is 
probably  an  erroneous  observation  and  due  to  degenerative  breaking  up  of 
the  cells  or  to  artefact. 

Mast-Cells. — These  may  be  present  in  less  acute  inflammatory  foci.  They 
are  slightly  amoeboid.  According  to  Maximow,  they  degenerate  and  dis- 
appear during  the  inflammatory  reaction.  They  may  be  simply  degenerative 
products  of  other  cells,  and  therefore  without  any  function. 

Lymphocytes. — These  are  slightly  amoeboid,  and  do  not  migrate  very 
actively  during  the  process  of  acute  inflammation.  In  some  chronic  inflam- 
mations, however,  they  appear  to  be  the  predominant  cell  present.  They 
are  by  some  supposed  to  be  the  progenitors  of  the  larger  lymphocytes  or 
large  mononuclear  haemal  cells  and  the  so-called  plasma-cells,  but  there  is 
considerable  evidence  that  the  larger  are  the  immature  forms,  and  the  smaller 
the  adult  cells.  According  to  Maximow,  they  form  the  greater  part  of  the 
polyblasts,  or  the  wandering  amoeboid  mononuclear  cells  of  inflammatory 
exudates.  We  are  not  prepared  to  accept  the  view  that  the  majority  of 
lymphocyte-like  cells  of  chronic  inflammatory  conditions  have  migrated 
from  the  blood.  Many  of  them  are,  we  believe,  formed  by  proliferation 
of  pre-existing  lymphoid  tissue,  and  also  pre-existing  endothelial  and  other 
cells.  They  may  possibly  take  some  part  in  the  formation  of  fibrous  tissue, 
but  at  present  our  information  on  this  point  is  not  satisfactory. 

Histogenous  Wandering  Cells. — These  are  derived  from  endothelial  cells 
of  serous  surfaces,  etc.  They  are  amoeboid  and  very  actively  phagocytic 
towards  cells,  foreign  material,  and  certain  bacteria.  Some  of  these  cells, 
especially  those  derived  from  vascular  endothelium,  may  migrate  from  the 
vessels.  They  may  undergo  necrosis  and  degeneration  in  the  inflammatory 
focus,  or  they  may  pass  into  glands  by  way  of  the  lymphatics.  In  some 
cases,  they  may  fuse  together  to  form  plasmodial  masses  or  giant-cells. 
Their  share  in  the  formation  of  new  tissue  is  disputed. 

Fibroblasts. — These  are  formed  from  pre-existing  connective-tissue  cells, 
and,  according  to  Maximow,  are  the  only  ones  concerned  in  the  formation 
of  new  fibrous  tissue. 

Note. — The  part  played  by  the  fixed  cells  is  disputed,  but  there  is  no  doubt 
that  some  of  these  cells,  e.g.  the  endothelial  cells  lining  serous  membranes, 
react  to  the  irritant  in  the  very  earliest  stages  of  the  inflammatory  process. 
They  become  phagocytic,  they  are  freed  from  the  surface  and,  in  our  view, 
proliferate  and  produce  types  of  wandering  cells. 

INFLAMMATION  IN  NON-VASCULAR  AREAS.— This  is  best  studied 
LD  the  cornea,  which  in  health  is  a  transparent  non-vascular  membrane. 
composed  of  parallel  laminae  of  fibrous  tissue.  Between  these  laminae 
arc  numerous  lymph  and  channels,  and  also  somewhat  flattened 

connect  ive-t  issue  cells  the  corneal  corpuscles.  The  lymph-channels  com- 
numicate  freely  with  one  another  and  with  lymphatics  at  the  periphery 
of  the  cornea.  It  is  difficult  to  produce  damage  to  the  cornea  without 
BO  injuring  the  conjunctiva  that  the  conjunctival  inflammation,  which 
S8arily  follows,  obscures  the  corneal  changes.     By   restricting  the 
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damage  to  a  very  small  area,  Senftleben,1  and  Councilman,1  have  studied 
the  condition  of  interstitial  keratitis  very  carefully.  Where  damage  wai 
produced  without  exciting  inflammatory  changes,  u  in  Benftleben's  experi- 
ments with  solutions  of  chloride  of  sine, there  was  no  sign  of  leuca 
emigration  within  twenty-four  hours,  and  no  sign  of  peripheral  congestion. 
The  corneal  corpuscles  at  the  centre  of  the  injured  area,  however,  sh« 
degenerative  and  destructive  changes,  while  those  nearer  the  periphery 
were  enlarged.  Later,  proliferation  took  place  in  the  peripheral  healthy 
corneal  corpuscles.  These  sent  offshoots  into  the  necrosed  area,  and  thus 
complete  repair  was  brought  about — the  only  cells  taking  part  in  tie- 
process  being  the  fixed  connective-tissue  cells.     If  the  damage  were  i 

nsive,  and  especially  if  bacteria  were  present,  there  was  produced 
an  area  of  opacity  around  the  focus  of  injury.  Polymorphonuclear  leuco- 
cytes were  found  in  abundance  in  this  area,  and  also  migrating  along  the 
surface  from  the  conjunctival  vessels,  though  there  may  have  beet 
yet,  no  congestion  of  the  peripheral  vessels.  With  still  more  severe 
irritation,  in  addition  to  the  production  of  the  central  opacity,  the  ves 
at  the  periphery  of  the  cornea  became  dilated  and  engorged  with  blood, 
and  leucocytes  were  seen  migrating  from  them  along  the  lymph-spaces 
between  the  various  layers  of  the  cornea  to  the  site  of  irritation.     There 

also  a  transudation  of  lymph,  with  which  the  lymph-spaces  became 
distended,  and,  by  absorption  of  which,  the  connective-tissue  fibres  became 
swollen  and  cedematous.  The  corneal  corpuscles  underwent  proliferative 
changes  early  in  the  process,  and,  during  the  second  day  after  the  injury, 
they  could  be  seen  as  wandering  cells  in  the  damaged  area.  These  cells 
acted  as  phagocytes.  Adami  3  states  that  the  "  lymphocytes  are  not 
visible  till  the  fourth  day,  and  they  do  not  so  much  pass  out  of  the 
vessels  as  from  the  sheath  of  lymphoid  tissue  surrounding  them."  New 
capillaries,  arising  from  the  vessels  at  the  periphery,  penetrated  the  corneal 
structures,  and  were  accompanied  by  proliferated  corneal  corpuscles. 
Thus  repair  was  broughl  about.  From  the  results  of  these  experiments. 
it  will  be  seen  that  the  changes  in  a  non-vascular  area  correspond  with 
those  seen  in  any  vascular  part.     The  dilatation  of  tip  5,  the  lymph- 

transudation,  and  the  leucocyte-emigration  take  place  in  both;  and  the 
character  of  the  migratory  leucocytes  and  their  reaction-time-  also 
correspond. 

SEQUELAE  OF  THE  ACUTE  STAGE  OF  INFLAMMATION 

Phenomena  following  the  Inflammatory  Process.— If  the  irritant 
be  removed,  the  process  may  at  any  period  become  arrested  and  all  the 
phenomena  Bubside,  unless  the  tissues  have  suffered  great  dai  The 

1  Senftleben,  Virchow's  Archiv,  1878,  lxxii.  p.  642. 

2  Councilman,  Boston  Jour.  Med.  Sc,  1898-iH),  iii.  p.  99;    .1'/'.  ./'"//•.  M 
1897,  cxiv.  pp.  22  25. 

3  Adami,  Inflammation,  Maiinillan  &  Co.,  London,  1907,  j>.  . 
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PLATE   I\ 

(From  thesis  by  J.  W.  Dawson.  M.l>. 
Wall  of  an  Abscess  (small  and  large  scale  drawing 

a.— Purulent  material  (p  riymorphonuclear  leucocytes  and  other  degenei 


b. — Vacuolated   phagocytic  cells  with  some    polymorphonuclear   leucocytes   and  u 
few  fibroblasts. 


c. — Some  vacuolated    phagocytic    cells,    fibroblast-,    young    capillaries    and    a    few 
mononucleated  cells. 


d. — Fibroblasts,    now   arranged    parallel    with    surface,  young    bl<  Is  and 

numerous    mononucleated    (plasma-)    cells.       Stained     with    methyl 
pyronio  and  resorcin.) 
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condition  may,  however,  spread  very  widely  by  way  of  the  lymphatics 
or  blood-vessels,  and,  from  a  very  slight  infection,  there  may  arise  wide- 
spread diffuse  inflammation  and  general  septicaemia;  or  the  condition 
may  be  more  localised,  and  abscesses  or  ulcers  may  be  formed.  Several 
factors  may  determine  the  localising  or  the  spread  of  the  processes. 
Among  these  are  the  nature  of  the  irritant,  the  vitality  and  the  nature 
of  the  tissues  involved,  the  situation  of  the  inflammatory  focus,  the 
resisting  power  of  the  individual,  etc. 

In  all  situations  and  in  all  forms  of  inflammation,  there  is  some 
degeneration  of  the  tissues,  especially  if  highly  endowed.  In  many 
cases,  the  degenerative  and  necrotic  changes  are  extensive,  and  abscesses 
and  ulcers  result. 

SUPPURATIVE  INFLAMMATION  is  usually  caused  by  the  pyogenetic 
or  pus-forming  organisms,  and,  in  most  of  such  cases,  the  causal  bacteria 
can  be  demonstrated  in  the  pus  or  discharge.  In  not  a  few  cases,  however, 
the  pus  is  sterile,  but  this  sterility  is  really  due  to  the  death  and  destruction 
of  the  bacteria  by  the  products  which  they  themselves  have  produced, 
either  in  virtue  of  their  own  multiplication  or  by  their  action  on  the  cells 
and  tissues  of  the  body.  Sometimes  the  bacteria  are  found  in  the  sur- 
rounding tissue,  though  absent  from  the  necrotic  or  purulent  area,  and 
it  has  been  shewn  that  these  bacteria  may  remain  latent  for  long  periods, 
apparently  causing  very  little  or  even  no  reaction,  though  at  a  later  period 
relapses  or  recrudescences  may  supervene.  This  has  been  specially 
noted  in  many  cases  of  wounds  during  the  war,  especially  where  foreign 
bodies  such  as  bullets,  etc.,  have  remained  in  the  tissues.  The  formation 
of  pus  may  take  place  without  the  intervention  of  bacteria.  It  has  been 
shewn  conclusively  that  certain  chemical  substances — toxins,  sterilised 
cultures,  etc. — have  a  positive  chemiotactic  power  for  polymorphonuclear 
leucocytes,  and  may  produce  definite  abscesses.  These  abscesses,  how- 
ever, are  always  localised  and  heal  rapidly.  Among  the  substances 
which  produce  them  are  turpentine,  petroleum,  silver  nitrate,  zinc 
chloride,  mustard,  oil  of  cloves,  compounds  of  mercury,  etc. 

Suppurative  inflammation,  however,  is  best  studied  experimentally 
by  injecting  into  the  subcutaneous  tissues  small  quantities  of  pyogenetic 
bacteria.  The  usual  inflammatory  changes,  dilatation  of  vessels,  transud- 
ation of  lymph,  and  emigration  of  leucocytes,  are  seen  after  a  few  hours. 
In  about  twenty-four  hours  after  the  injection,  there  may  be  great  multi- 
plication of  the  bacteria,  and  the  polymorphonuclear  leucocytes  are  Been 
in  great  numbers  in  all  parts  of  the  infected  area,  separating  the  ribrillae 
of  connective  tissue.  The  vessels  are  much  congested,  and  the  connective 
tissue  becomes  swollen  and  cedematous.  Near  the  marginal  zone,  there 
are  usually  numerous  mononucleated  cells.  In  about  forty-eight  hours,  a 
well-defined,  though,  it  may  be.  a  small,  abscess  is  seen.  The  centre  of 
this  shews  densely-packed  leucocytes  (Plate  IX.  and  fig.  6G).  mainly  of 
the  polymorphonuclear  type,  some  of  which  shew  definite  karyolysis  and 
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karyorrkexis ;   and,  mingled  with  these,  are  the  bacteria,,  many  of  them 
free,  many   lying   in    the  cytoplasm   of   the   leucocytes.     Fragment 
broken-down  and  degenerating  tissue  (e.g.  muscular,  fibrous,  etc.)  may 
be  found  in  this  central  deg  1  cellular  area.    At  the  periphei 

this  pus  or  central  mass  of  cells,  necrotic  tissue,  and  debris,  the  capillaries 
are  congested;   and,  Burrounding  them,  are  very  numerous  leu 
both  of  the  polymorphonuclear  and  mononuclear  type  (Plate  IX.).     A 
a  period  of  from  four  to  six  or  ten  days,  the  degenerative  changes  in 
the  leucocytes  and  the  necrotic  changes  in  the  original  tissues  become 
much  more  marked,  and  a  definite  wall  of  granulation-tissue  is  in  pro< 


Fig.  GO. — Abscess  in  the  Kidney,  shewing  central  plug  of  bacteria, 
with  surrounding  mass  of  leucocytes.      X 

of  formation.  This  wall  contains  many  new  capillaries,  and  newly  formed 
connective  tissue  with  numerous  fibroblasts  and  other  mononucle, 
cells  (Plate  IX.  and  fig.  67).  If  the  area  of  irritation  be  near  the 
surface,  either  of  the  skin  or  of  a  mucous  membrane,  the  superficial 
is  may  become  necrosed,  the  dead  tissue  being  cast  off  as  a  slough. 
and  an  ulcer  may  thus  be  produced.  The  nature  of  the  minute  chai 
in  the  al  id  in  the  ulcer  are  really  identical,  and  the  floor  and 

edges  of  the  ulcer  and  the  wall  of  the  ah  ew  a  similar  formation  of 

granulation-tissue. 

Pus  is  Usually  alkaline  in  reaction,  and  contains,  not  only  the  Dti 

normal  to  blood-serum,  but  also  other  derivatives  from  these  proteins, 

viz.  peptones  and  other  albumin-containing  bodies.     1  ids  and 

cholesterol,  as  well  as  pigment   derived  from  red  blood-corpuscles,  or 


INFLAMMATION  AND   REPAIR  203 

produced  by  chrome-genetic  bacteria,  are  frequently  found.  The  cells 
are  very  abundant,  and  are  mainly  of  the  polymorphonuclear  type,  in 
various  stages  of  degeneration  and  necrosis.     In  addition  to  these,  how- 
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Fig.  67. —  Tr«?Z  o/an  oZi  Abscess- Cavity.   X700.     (From  thesis  by  J.  W.  Dawson,  M.D.) 
Fig.  1. — a.  Fibrous  lamina?. 

b.  Connective-tissue  cells. 

c.  Sessile  mononucleated  cells,  becoming  elongated  and  spindle-shaped. 

d.  Pus-phagocytes  on  border  of  pus  mass. 
Fig.  2. — Group  of  plasma-cells  in  wall  of  abscess. 

ever,  mononucleated  cells,  derived  from  endothelial  structures,  and 
connective-tissue  cells  are  also  present.  Fibrin  may  be  found,  but  not  in 
any  considerable  quantity.  It  seems  to  undergo  peptonization  by  the 
ferments  which  are  present.  Portions  of  muscular,  fibrous,  or  elastic 
tissue,  in  various  stages  of  necrosis,  may  also  be  found. 
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CATARRHAL    INFLAMMATION.     This    term    is    specialty    applied 
to  that  form  of  inflammation  in  which  there  axe  proliferative  chai 
in  the  functioning  epithelium.    The  ceDfl  may  merely  be  shed,  01  I 

may  divide  and  form  new  cells,  which  become  detached  and  lie  bee  in  the 
lumen  of  the  tubules  or  ducts  or  on  superficial  parts.    This  chang 
found,  often  in  an  intense  degree,  in  mucous  membranes.    The 
are  usually  engorged,  the  basement-membi  me  swollen  from 
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Fio.  08.-    Catarrhal    [nflammation :   Acute   Bronchitis,    shewing  bion  of    \ 

and  desquamation  and  degeneration  of  the  epithelial  oeUi  (The  large  blank 
.11.  a  ii  an  artefact  due  to  shrinkage  and  retraction  of  exudate  in  lumen  from  the 
wall  during  embedding>pro<  300. 

absorption  of  transuded   lymph,  and  there  may  also  be  a  considerable 

degree  of  Leucocyte-emigration;  but  the  essential  chai  the  prolifer- 

ation, desquamation,  and  degeneration  of  the  epithelial  Becreti  Bring 

or  lining  cells.    The  secretion  of  the  cells  is  usually  i  I  in  amount. 

watery  and  mucous,  rather  than  Bero-fibrinous in  character,  and  the  cells 
often  contain  pigment-particles,  especially  altered  blood-pigment.  Such 
desquamated   catarrhal  epithelial   cells  are   very   commonly  found  in 

exudates    from   the    bronchi,    throat,    mouth,    urethra,    bowel,    etc. 

INTERSTITIAL    INFLAMMATION.     -Although    interstitial    inflam- 
mation mav  be  acute,  bv  this  term  is  generally  understood  a  condition  in 
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which  there  is  more  or  less  subacute  or  chronic  fibrous  over-growth  along 
the  lines  of  normal  supporting  fibrous  tissue.  This  is  very  commonly 
the  result  of  chronic  infective  or  other  irritants,  but  it  may  be  caused  by 
some  special  strain  such  as  overwork  or  excessive  and  continuous  muscular 
effort,  especially  where  nutrition  is  impaired,  or  it  may  occur  as  B  sequel 
of  chronic  degenerative  and  absorptive  processes.  It  is  thus  rather  of  t  be 
nature  of  a  hyperplasia  than  of  an  inflammatory  reaction. 

PARENCHYMATOUS  INFLAMMATION.— This  term  has  been  applied 
to  acute,  subacute,  and  chronic  changes  which  affect  the  special  functioning 
cells  of  a  part.  Many  of  the  changes  so  described  are  largely  degenerative, 
and  not  specially  inflammatory  in  character,  and  may  be  brought  about 
by  the  direct  action  of  toxins,  by  impaired  vascular  supply,  or  by  altered 
metabolic  processes.  They  are  practically  always  associated  with 
changes  in  the  supporting  tissues  and  in  the  vessels. 

REPAIR 

REPARATIVE  CHANGES  IN  INFLAMMATION.— The  fixed  tissue- 
elements  in  inflammation  undergo  both  degenerative  and  proliferative 
changes.  Reference  has  already  been  made  to  many  of  the  degenerative 
changes  in  the  cells.  In  severe  inflammation,  the  cells  undergo  cloudy 
swellinsg,  fatty  and  mucoid  degeneration,  etc. ;  the  connective-tissue  fibres 
become  swollen,  or  may  undergo  mucoid,  hyaline,  or  waxy  change. 
Necrosi  is  a  very  common  result,  and  is  seen  in  some  bacterial  infections, 
in  burns,  etc.,  and  also  as  a  result  of  the  application  of  caustic.  The 
changes  produced  by  bacteria  or  their  toxins  are  mainly  microscopic 
in  character,  and  specially  affect  highly-functioning  tissues,  e.g.  the 
secreting  cells  of  various  organs. 

The  proliferative  changes  are  extremely  important,  and  are  best 
studied  in  the  healing  of  a  wound,  in  the  organisation  of  a  fibrinous  exudate, 
or  in  the  absorption  of  a  thrombus  in  a  vessel.  Wherever  the  changes 
take  place,  the  same  series  of  reactions  is  seen,  and  these  have  for  their 
object  the  absorption  or  removal  of  the  damaged  tissue  or  the  inflammat  ory 
exudate;  or,  if  this  cannot  be  completely  effected,  the  enclosing  of  it  in 
a  capsule  of  fibrous  tissue,  so  as  to  shut  it  off  from  the  healthy  parts, 
and  bring  about  the  union  of  separated  surfaces.  Repair  of  an  injury 
may  be  direct,  that  is,  may  take  place  without  the  essential  phenomena  oi 
inflammation  being  present.  Thus,  an  injury  of  the  cornea,  as  has  been 
stated,  may  be  completely  repaired  merely  by  a  proliferation  of  existing 

corneal  corpuscles.     Similarly,  direct  union  of  nerves,  tendons,  or  even 

of  epidermis  may  take  place.  Usually,  however,  the  damage  will  have 
caused  some  degree  of  reaction,  and,  as  a  result,  there  will  be  deposit  of 

inflammatory   products  and  destruction  of  tissue:   and.  before  complete 

healing  can  take  place,  there   must   be  removal  or  absorption  of  the 

exudate  or  of  the  damaged   tissue. 
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We  shall  study  the  condition  (1)  in  the  healing  of  a  wound,  and  (2) 
in  the  organisation  of  an  inflammatory  exudate;  refer 

to  any  changes  which  are  peculiar  to  Bpeoial  I 

(1)  WOUND-HEALING  :— 

(a)  IN  AN  INCISED  WOUND.    The  pro  studied  in  the 
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Fjo.  69.     .1   Croup  of  Ddntid   Vessels  ai  (he  Margin  of  a   Wound  (24  hours),     xl"""'. 
( From  thesis  by  J.  \\ .  D  4.D. 

a.  Swollen  epithelial  cells. 

h.  Endothelial  cell  in  mitol 

c.  Fibrob 

d.  Mononucleated  cells. 

<.  Tranaition-foniu  between  mononaole&ted  cells  and  lymphoc; 

case  of  an  incised  wound  which  is  not  thorough]  id  when 

surfaces  are  not  accurately  in  apposition.    During  the  first  twelve  hours, 
the  surfaces  of  the  wound  become  glued  together  by  blood  and   by 

coagulated  lymph  which  has  exuded  from  the  dilated  peripheral 

The  margins  of  the  wound  are  red  and  slightly  swollen.     This  is  due  to  the 
dilatation   of  the    minut-  ifl    and   to   the    transudation    of    lymph. 

Leucocyte-emigration  is  i  en  at  thi  -  passing 
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into  both  the  lymph  and  the  surrounding  tissues  for  some  distance.  The 
vascular  endothelium  and  the  connective-tissue  corpuscles  shew  swelling 
and  distinct  proliferative  changes  even  during  the  first  twenty-four  hours, 
and  these  changes  become  much  more  marked  later  (figs.  69  and  70). 
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Fig.  70. — Group  of  Budding  Capillaries.     X  1000.     (From  thesis  by  J.  W.  Dawson,  M.D. 

Fig.  a.     Vessel  with  two  endothelial  cells  in  mitosis,  one  of  which  represents  a 

vessel -bud. 
Figs.  b.  and  c.     Nucleated  protoplasmic  buds  in  connection  with  small  vessels. 


At  about  the  same  period  after  the  infliction  of  the  wound,  vascular  buds 
(Plate  X.  and  figs.  69,  70)  are  given  off  from  the  minute  vessels  at 
the  periphery.  At  first  these  buds  are  conical  solid  masses  of  protoplasm 
with  nuclei  (fig.  70,  b  and  c).  The  nuclei  and  the  protoplasm  segment, 
and  thus  form  columns  of  endothelial  cells.  These  columns  become  chan- 
nelled by  separation  of  the  endothelial  cells,  and.  eventually,  the  channels 
become  continuous  with  the  lumen  of  the  vessel  from  which  the  endothelial 
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bud  arose.   From  the  distal  end  of  these  buds,  long  protoplasmic  | 

-row   into  the    coagulated   lymph   and    blood,  and    anastomose    with 

other  similarly  formed  proce  as  to  make  a  network  in  the  fibrin. 

These  protoplasmic  processes  give  oil  brand  intually,  open  up 

egmentation  of  the  protoplasm  and  the  formation  of  lining  endothelial 
cells.  This  new  ca pillarv-net work  may  be  well  developed  in  thirty-six  hours 
(figs.  71  and  72),  and  even  in  twenty-four  hours  there  is  abundant 
evidence  of  the  formation  of  vascular  buds,  and  of  BWelfing  and  mil 

of  the  endothelium  of  the  developing  vessels.     Round  the  new  vessels, the 
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Tic.  71.-    Healing  wound,  shewing  capillary  loop  in  new  early 
granulation-tissue.        _>  0. 

exudate  of  lymph  undergoes  solution  and  absorption  (fig.  77).  As  the 
capillaries  develop,  they  become  surrounded  by  an  adventitia  probably 
largely  derived  from  the  proliferation  of  connective-tissue  corpuscles, 
which   arrange  themselves  alongside  the  capillaries  72  and 

Much  of  the  exudate  is  removed  by  this  branching  capillary  network, 

and    replaced     by    the    newly  formed    connect  ive-t  issue    cells.       Thus,    I 

temporary  granulation-tissue  is  formed.  In  this  the  vessels  are  always 
thin-walled,  composed  merely  oi  endothelium,  or  of  endothelium  with 

a    few    adventitious   Cells,    and,   in    consequence,   dilatation    and    rupture 

are  common.  In  most  cases,  these  early-formed  capillaries  are  not 
persistent,  but.  when  the  lymph  and  the  blood  have  become  absorbed, 

they  waste  and   disappear.      About    this    period,  a  new   Bet    of    V' 


INFLAMMATION  AND   REPAIR  209 

being  formed.  These  arise  from  the  pre-existing  vessels  by  a  process  of 
budding  similar  to  that  seen  in  the  formation  of  the  primary  capillary 
network.  They  are  formed  specially  in  the  deeper  parts  of  the  wound,  and 
pass  directly  upwards  towards  the  surface  (Plate  X.  fig.  1).  These 
vessels  are  more  regular  in  their  order  of  development,  and  are  generally 
better  supported  than  the  primary  set  (fig.  73).  They  are  well  seen  in 
from  thirty-six  to  forty-eight  hours.  About  the  same  period,  spindle- 
shaped  cells  are  formed,  which  run  at  right  angles  to  the  vessels,  and 
soon  form  definite  parallel  layers,  beginning  in  the  deeper  parts  of  the 
wound  (fig.  73  and  Plate  X.).     By  means  of  these,  the  opposing  surfaces 


Fig.  72. — Healing  wound,  shewing  granulation-tissue,  with  fchin-walkxJ 

vessels,  leucocytes  and  proliferated  connective-tissue  cells.     X  200. 

of  the  wound  are,  as  it  were,  "  sewred  "  together.  The  spindle-shaped 
cells  possess  long  processes,  and  have  a  vesicular  nucleus  and  abundant 
cytoplasm.  Some  of  them  may  be  developed  from  lymphocyte -like 
cells  or  from  larger  mononuclears ;  but  the  majority  are  formed  by  a 
proliferation  of  pre-existing  fixed  connective-tissue  cells,  and  are  termed 
fibroblasts,  from  the  fact  that  they  are  the  progenitors  of  fibrous  tissue. 
At  a  later  period,  this  second  set  of  vessels  shews  thickening  of  the  inner 
coat  ;iikI  gradual  shrinkage  and  disappearance.  In  three  to  five  days, 
definite  fibrils  are  seen  running  parallel  with  the  long  fibroblasts.  The 
most  recent  work  seems  to  shew  very  definitely  that  these  fibrils  are 
formed  in  the  fibroblasts,  especially  in  their  peripheral  layer,  by  a 
transformation  of  the  cytoplasm  of  this  area.    Gradually  the  cellular 

character  diminishes,  and.  in  from  three  to  four  weeks,  cells  and  vessels 
14 
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B  disappeared,  ai  epUoed  by  dense  white  fibrous  tissue— Scar- 

Tissu  XI.). 
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ground,  shewing  new  reesel  with  slight  adventitial 
i  pumllel  Uyeni  of  spindle-eheped  cells.     x200. 

Epithelial  Cells.     Even  at   an  early   period,  e.g.  in  twenty-four  to 
forty-eight  hours  a  proliferation  of  the  epithelial  cells  at  the  edges  of 


tiesne  (• 
with 

the  wound  takes  pli  iirface.     At 

they    b  I   in   the  lvmph  and    blood,   and,   becoming 

swollen  and  oedematous,  they  perish.    A>  Boon,  1  as  a  supporting 
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structure  is  formed,  they  grow  over  the  surface  as  a  thin  pellicle,  and, 
from  this,  if  the  wound  is  not  too  extensive,  a  complete  covering  of 
epithelium  is  developed. 

(6)  IN  AN  ULCER. — The  healing  process  is  essentially  the  same  as 
that  just  described  for  an  incised  wound.  The  differences  are  mainly  that, 
in  the  healing  of  the  ulcer  by  granulation,  there  is  a  large  gap  to  be  filled 
up  by  the  new  tissue,  and,  frequently,  a  considerable  amount  of  damaged 
tissue  to  be  removed.  The  process,  therefore,  is  much  slower,  and 
many  degenerative  changes  are  going  on  side  by  side  with  the  proliferative 
ones.     The  connective  tissue  is  formed  in  larger  quantities  and  in  a  more 


Fig.  75. — Incised  wound  of  four  days,  shewing  preliminary  repair  of 
epithelium,  cellular  infiltration  of  tissues,  etc.      X35. 


irregular  fashion.  Leucocyte-emigration  and  transudation  of  lymph  are 
much  more  pronounced,  and  last  for  a  longer  period.  The  granulation- 
tissue,  however,  consists  of  young  newly-formed  capillaries  surrounded  by 
newly -developed  connective-tissue  cells ;  and  thus  corresponds  with  the 
new  tissue  formed  in  the  healing  of  an  incised  wound.  Further,  there 
occur  the  formation  of  definite  fibroblasts,  the  obliteration  of  the  newly- 
formed  vascular  loops,  and,  eventually,  the  production  of  scar-tissue. 

The  granulation-tissue  varies  in  character  in  different  situations 
according  to  the  nature  of  the  tissue  to  be  repaired,  and  also  according  to 
the  nature  of  the  irritant  and  the  length  of  time  during  which  it  acts. 
In  cases  where  bone  or  other  specially  resistant  tissues  have  to  be  removed, 
and  therefore  where  preparatory  softening  must  take  place,  cells  of  a 
special  type  are  frequently  brought  into  the  field.     These  are  mult  i- 
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(2)  THE    ORGANISATION    OF    AN  INFLAMMATORY  EXUDATE, 

e.  g.  the  fibrinous  exudate  on  the  epicardium  in  a  ease  of  acute  pericarditis. 
If  a  section  of  the  exudate,  a  few  days  after  organisation  has  com- 
menced, and  the  adjacent  heart-structure  be  stained  with  haematin  and 
eosin  and  examined,  several  distinct  layers  can  be  demonstrated  in  it : — 

i.  An  external,  darkly-stained  zone,  varying  in  thickness,  composed 
of  a  network  of  unaltered,  or  of  granular,  fibrin,  in  which  is 
entangled  a  varying  number  of  polymorphonuclear  leucocytes 
(Plate  IX.). 

ii.  Immediately  under  this  layer  is  a  second  zone,  which  stains  less 


Fig.  77. — Organisation  of  an  inflammatory  exudate,  shewing  absorption  of  fibrin, 
and  the  presence  of  rounded  and  spindle-shaped  cells.  Note  the  irregular  masses  of 
fibrin  at  places.      X200. 


intensely.  In  this,  the  cells  are  more  abundant  and  the  fibrin  is 
distinctly  granular.  There  are  a  few  capillaries,  and,  round  these, 
where  the  absorption  is  taking  place,  the  fibrin  appears  somewhat 
homogeneous,  and  stains  very  faintly.  The  cells  are  mainly 
polymorphonuclears,  but  some  mononucleated  cells  may  also  be 
present, 
iii.  Deeper  still,  the  capillaries  are  much  more  abundant  (Plate  X.). 
and  the  fibrin  has  to  a  large  extent  disappeared,  although  remains 
of  it  may  be  seen  between  the  capillaries  at  certain  parts 
small,  homogeneous,  pink-stained  areas  (fig.  77).  The  cells  sur- 
rounding the  vessels  are  more  abundant,  and  the  mononucleated 
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variety    predominates.     These    cells    are    irregularly   scattered, 
but  some  more  flattened  ones  are  seen  lying  parallel  to  the 
capillaries.    Multinucleated  cells  are  also  usually  present. 
iv.  At  a  deepei  level  (Plate  X.),  the  fibrin  has  completely  disappeared, 

and  the  capillaries,  in  many  parts,  shew  very  distinctly  an  outer 
supporting  coat  of  flattened  cells  lying  parallel  to  their  endo- 
thelial lining.  Between  the  capillaries,  there  are  numbers  of  cells 
irregularly  arranged,  some  of  which  are  rounded  or  oval,  with 
toplasm,  others  spindle-shaped  and  shewing  branching 
prooesses  (fig.  72),  while  others  again  are  large  and  multinucleated. 
Fibrils  are  also  Been  in  varying  numbers, 
v.  the  Burface  of  the  heart,  i.e.  at  the  deepest  part,  the  new 

; e  becomes  denser.  The  capillaries  are  less  numerous;  the 
it  majority  of  the  cells  are  flattened,  and  are  arranged  in  layers 
parallel  with  the  surface  of  the  heart  (fig.  73  and  Plate  X.). 
These  cells  are  the  fibroblasts,  and.  between  them,  fibres  are  seen, 
which,  in  the  deeper  parts,  become  more  abundant,  with  a  corre- 
radual  diminution  in  the  size  and  numbers  of  the  cells. 
The  blood-vessels  in  this  layer,  as  has  been  indicated,  are  scanty, 
and  those  that  are  present  have  a  very  definite  adventitia,  and, 
in  some  of  them,  proliferation  of  the  endothelium  is  seen.  This 
proliferation  goes  on,  and.  at  a  later  period,  the  capillaries  are  to 
a  large  extent  obliterated.  The  newly -formed  tissue  becomes 
firmly  adherent  to  the  epicardium,  invading  it  to  a  certain  extent, 
and  no  definite  line  of  demarcation  between  the  one  and  the  other 
can  eventually  be  detected.  Fat-cells,  nerves,  and  blood-vessels 
of  the  superficial  epicardial  layers  can  be  made  out  in  this 
deeper  part.  Here  and  there,  however,  some  of  the  epicardial 
endothelium  may  remain,  and,  at  a  later  stage,  this,  in  some 
>roliferat<  cows  over  the  surface.    Thus,  the  normal 

endothelial  covering  may  to  a  large  extent  be  replaced,  and,  in 
sequence, adhesions  between  the  two  layers  of  the  pericardium 
may  be  absent,  or  present  only  in  certain  areas.     Very  commonly, 
how  tomosis  takes   place   between   the   newly-formed 

M  the  peri-  and  epicardial  layers  of  exudate,  leading  to 
the  formation  of  definite  fibrous  adhesions. 

Thei  doubt  that,  in  the  early  stages  of  the  inflammatory 

the  endothelial  cells  of  the  pericardium  proliferate,  i 
into  the  3  do  the  endothelial  cells 

<»f  other 

bed  applies  to  the  organisation  of  an  inflammatory 

ins  membrane,  though  the  pi  may  be  more 

1  the  distinction  into  Beparate  Layers  may  not  be  bo  definite. 

<  apillary  fnmiation  is  an  early  process,  and  the  capillaries 
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m  thesis  by  J.  W.  Dawson,  M.D. 
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SuH         layer  <>f    fibrin   not   organised,   and    still   shewing    blood-corpuscles 

and    leueot  \  tes. 


;t  with  vessels  still  poorly  formed  and  few  in  number. 


c.  —  Intermediate  layer  with  new  vessels  and    fibroblasts    mainly  parallel    with  the 


6.— Deep  layer  with  fibroblast*  at  right  angles  to  the  vessels.    Some  surviving  fat 
oeUi  an-  shewn. 


a.     Normal  tissue. 

lined  with  methyl-green,  pyronin  and  resorcin.) 
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are  always  formed  by  budding  from  pre-existing  vessels.  The  cells, 
too,  are  generally  of  the  same  types  in  every  case,  though  one  or  other  of 
these  types  may  predominate  in  any  individual  instance.  Much  discus- 
sion has  arisen  as  to  their  origin  and  function;  and,  although  we  have 
already,  in  dealing  with  the  more  acute  processes,  discussed  this  subject, 
it  will  be  wTell  at  this  stage  to  refer  again  to  some  of  the  more  essential 
points.  The  cells  found  entangled  in  the  superficial  portions  of  the  fibrin 
are  emigrated  leucocytes.  These  are  most  commonly  of  the  polymorpho- 
nuclear type;  though,  in  certain  conditions,  e.g.  tuberculous  exudates 
or  in  lymphatic  leukaemia,  large  numbers  of  lymphocytes  may  be  found. 
The  cells  in  the  granulation-tissue,  where  organisation  is  more  advanced, 
are  of  various  kinds  (Plate  X.) .  Some  have  a  rounded  nucleus  which  is 
very  rich  in  chromatin  and  almost  completely  fills  the  cells,  so  that  only 
a  very  small  ring  of  cytoplasm  can  be  differentiated,  these  cells  morpho- 
logically resembling  the  small  lymphocytes  of  the  blood.  Others  are 
larger,  rounded,  oval,  or  irregularly  polygonal  cells,  possessing  a  varying 
amount  of  cytoplasm,  with  a  nucleus  oval  or  reniform  in  shape,  and  usually 
shewing  less  chromatin  than  the  cells  of  the  former  type.  This  class 
includes  a  considerable  grcup  of  cells — the  larger  mononucleated  cells  of 
inflammatory  exudates,  plasma-cells,  etc. — which  are  derived  from  various 
sources,  and  the  origin  of  which  has  already  been  discussed.  These, 
together  with  the  lymphocytes  and  lymphoid  cells,  are  grouped  by  Maxi- 
mow  as  the  polyblasts.  According  to  this  observer,  they  include  the  pre- 
existing free,  wandering  cells  of  connective  tissue,  clasmatocytes,  and 
clasmatocyte-like  adventitious  cells;  but  he  maintains  that  the  large 
majority  is  derived  from  the  lymphocytes  which  have  migrated  from  the 
blood-vessels.  In  addition  to  these  cells,  there  are  also  present  irregularly 
oval  or  flattened  cells,  with  branching  processes,  and  with  a  rather  faintly- 
staining  nucleus,  which  in  all  their  characters  closely  resemble  connective- 
tissue  corpuscles.  These  are  the  fibroblasts.  There  may,  in  addition, 
be  present,  multinucleated  or  giant-cells.  These  however,  are  more 
commonly  seen,  and  are  certainly  more  abundant,  when  resistant  sub- 
stances— e.g.  bone  or  cartilage,  or  foreign  material,  such  as  ligatures 
— require  absorption  ;  or  where  special  organismal  irritants  are  present — 
as  in  tuberculosis  or  syphilis.  The  functions  of  these  various  cells  in  the 
acute  inflammatory  processes  have  previously  been  discussed ;  and  the 
part  they  take  in  the  formation  of  new  tissue  is  much  disputed.  It  is, 
however,  generally  agreed  that  the  principal  cells  concerned  in  this  process 
are  the  fibroblasts.  They  are  derived  by  proliferation  from  pre-existing 
connective-tissue  corpuscles,  and  are  found  at  first  lying  parallel  with 
the  new  capillaries ;  but,  at  a  later  period,  they  are  seen  in  layers  at  right 
angles  to  the  vessels.  In  their  earlier  stages  they  are  oval,  or  even  rounded , 
and  are  difficult  to  distinguish  from  other  mononucleated  cells;  but,  at  a 
later  period,  they  become  more  elongated  and  spindle-shaped,  and  send 
out  protoplasmic  processes  (fig.  78).     Proliferation  and  mitosis  in  them 
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are  seen,  in  experimental  incised  wounds,  after  about  twelve  hours,  but 

not   very  pronounced  till  about  the  thirty-sixth  hour.    The  layers 

pindle-ehaped  cells  are  well  developed  in  three  to  four  days,  and, 

between  them,  and  apparently  formed  from  them,  are  seen  connective- 

ie  filaments.    These    filaments   become  more  marked;    and,  in  six 

to  seven  days,  very  distinct  fibrils  of  fibrous  tissue  can  be  differentiated. 

It  is  -till  commonly  held  that  these  connective-tissue  fibrils  are  formed  as 

a  sort  of  Becretion  from  the  fibroblasts;   but  the  more  recent  work  on 

the  subject  points  to  the  view  that  they  originate  in  the  cells,  apparently 

ome  change  in  the  peripheral  cytoplasm.    Masses  of  these  fibrils  are 


In;.  78*— •Gnumbtion-tiHue  from  a  healing  wound,  shewing  capillaries, 
and  tli«;  various  kinds  of  cells.      X200. 

formed,  become  pressed  together,  and  constitute  bundles  of  white  fibrous 
16, 

The  share  token  by  the  polyblasts  in  the  processes  of  fibrous-tissue 
formation  is  much  disputed.  Maximow  maintains  that  few,  if  any,  form 
fibroblasts  or  fibroblast-like  cells,  or  participate  in  the  development  of 
fibrous  tissue.  Aletchnikofi  gives  an  important  place  to  the  wandering 
r,'lu  nf  connective  I  tadpole's  tail,  he  has  traced  from 

day  to  day  th.-  transitions   between  these  wandering  cells  and  definite 
°oni  corpuscles.      The  plasma-cell  is  regarded  by  many  as  a 

progenitor  oi  conn*  isue;   but  Bchridde  has  pointed  out  that, 

though  it  may  el  and  in  Borne  respects  resemble  a  connective-tissue 

corpuscle,  il  maintai  canularity,  and  comes  to  rest  within 

the  tissues,  hut  does  not  take  part  in  the  formation  of  true  fibrous  tissue. 
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The  part  played  by  the  lymphocytes  or  lymphocyte-like  cells  is  still  more 
uncertain.  Maximow  admits  that  some  of  them  may  become  transformed 
into  the  cells  which  cannot  be  distinguished  from  fibroblasts.  Collections 
of  lymphocyte-like  cells,  the  so-called  small-celled  infiltrations,  are 
common  in  interstitial  inflammations  where  persistent  irritation  is  kept 
up,  and  are  often  a  very  pronounced  feature  in  the  early  stages  of  slowly 
developing  fibrous  hyperplasias.  These  cells,  we  think,  must  be  regarded 
as  possible  sources  of  fibrous-tissue  formation ;  though  we  accept  fully 
the  view  that  the  larger  proportion  of  the  fibroblasts  is  derived  from 
the  pre-existing  connective-tissue  cells  of  the  part. 


it 
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Fig.  79. — Thrombus  in  a  vein,  shewing  partial  opening  up  of  the  lumen  and  organisation. 
Note  the  dilated  vessels  in  the  organising  area  (left  side).     x40. 

(3)  HEALING  IN  VESSELS.— In  the  organisation  of  a  thrombus  in 
a  vessel,  the  changes  are  essentially  the  same  as  those  described  in  the 
healing  of  wounds,  but  the  endothelial  lining  of  the  vessels  may  shew 
special  proliferative  changes.  It  may  grow  over  the  thrombus,  forming  a 
complete  covering ;  but  it  is  very  doubtful  whether  it  actually  penetrates 
it  and  aids  in  absorption,  and  still  more  doubtful  whether  it  forms  new 
capillaries,  as  is  maintained  by  some  authors.  If  the  thrombus  only 
partially  fills  the  vessel,  its  covering  endothelium  and  the  portion  of  the 
endothelial  lining  of  the  vessel  opposite  the  thrombus  may  be  separated 
by  a  distinct  space  from  one  another,  or  may  be  in  contact;  and,  with 
contraction  of  the  thrombus,  a  definite  channel,  lined  by  endothelium, 
may  be  opened  up.     Eventually,  the  only  result  of  the  thrombus  may 
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thickened  patch  rideofthi  ration  by  this  means 

is,  however,  not  common.  The  usual  course  is  for  organisation  of  the 
thrombus  to  take  place,  and  its  absorption  to  be  brought  about  by  cells 
aI1,l  vnlr  3  in  the  healing  of  an  ordinary  wound.    In  thrombosis 

ting  bom  ligature,  there  is,  after  a  few  days,  a  very  definite  local 

proliferation  of  connective-tissue  cells  of  the  intima,  and  these  cells  project 

into  the  thrombus  in  the  form  of  small  buds.    At  a  later  period,  young 

een,  and  can  be  traced  to  the  vasa  vasorum,  from  which  they 


ed  thrombus  in  an  artery,  shewing  that  the  organised  tissue 
wholly  internal  to  the  elastic  lamina.     x40. 


undoubtedly  arise.  The  vessels  from  opposite  sides  and  at  different 
levels  come  to  anastomose,  and  the  thrombus,  if  not  too  large,  may  be 
absorbed,  01  the  granulation-tissue  which  is  formed  may  become  fibrous 
and    im.;  atraction.     The    fibroblasts   formed   during   this   process 

usually  smaller  and  more  branched  than  those  seen  under  ordinary 
in  wound-healing  (fig.  80).  When  the  clot  is  large  or  is 
farmed  in  a  large  vessel,  the  i  ularisation  is  usually  incom- 

plete, and  tl  i  .Mitral  part  oi  the  thrombus  tends  to  degenerate  and 

me  fatty,  or  even  calcareous. 
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PLATE  XI 

(From  thesis  by  J.  W.  Dawson,  M.D.) 

1'ic.  I.-  Healing  Wound  (7  days).  Stained  by  Weigert's  elastic-tissue  stain  to  shew 
the  absence  of  elastic  tissue  (seen  elsewhere  as  dark  blue  irregular  lines)  in 
the  organising  area.  X  70 


2.— Healed  Wound  (5  months).      Shews  the  new  elastic  fibres  meeting  across  the 

superficial  layers  of  the  scar-tissue,  but  absent  in  the  deeper  parts  (Weiirert's 

tain).  wx  70 


Plate  XL  Vol.  I. 


'•■' .' :  •  .'<  V> 


":tTj,':'^'M'  ***» 


<-<I-^y.. 


\ 


/r^0^Pk\i^- 


U 


S^H 


INFLAMMATION  AND   REPAIR  223 

HEALING  IN  SPECIAL  TISSUES 

As  we  have  already  indicated,  the  essential  changes  are  identical  in 
all  forms  of  repair;  but,  in  individual  instances,  there  may  be  certain 
differences,  dependent  upon  the  nature  of  the  tissue,  and  also  on  the  extent 
of  the  damaged  area.  Reference  has  previously  been  made  to  repair  of 
the  cornea,  of  tendon,  and  of  nerve-fibres,  by  direct  proliferation  of  corneal 
corpuscles,  connective -tissue  cells,  and  nerve-fibres  respectively,  without 
the  intervention  of  inflammatory  reactions. 

ELASTIC  TISSUE. — This  can  be  re-formed  to  a  certain  extent  by 
offshoots  from  the  pre-existing  elastic  fibres — possibly  through  the 
agency  of  cells  not  yet  satisfactorily  demonstrated.  Milne  has  pointed 
out  that,  in  the  repair  of  wounds  of  the  liver,  especially  of  aseptic  wounds, 
a  very  considerable  new  formation  of  elastic  tissue  takes  place,  and  this, 
he  says,  appears  to  be  derived  from  some  pre-existing  elastic  fibres. 
Dawson  also  regards  the  pre-existing  fibres  as  the  main  source  of  the  new 
elastic  tissue,  and  he  holds  that  there  is  distinct  evidence  in  scar-tissue 
that  elastic  fibres  are  formed  from  the  cells  of  the  part.  In  chronic  changes 
in  the  walls  of  blood-vessels,  such  as  those  produced  by  syphilis,  there  is 
often  considerable  increase  in  elastic  tissue.  This  re-formation  is  a  slow 
process,  and  the  new  tissue  is  somewhat  ill-formed,  and  may  not  function 
so  perfectly  as  the  original  elastic  tissue  (Plate  XI.). 

FATTY  TISSUE. — In  healing  wounds,  the  fat-cells  remain  unaltered 
for  a  considerable  time,  but,  as  absorption  goes  on,  the  fatty  tissue  under- 
goes a  mucoid  degeneration  and  becomes  converted  into  mucoid  or 
"  myxomatous  "  tissue.  According  to  Maximo  w,  some  of  the  poly  blasts, 
especially  the  clasmatocyte-like  cells  and  the  adventitious  cells,  may 
become  transformed  into  fat-cells.  There  can  be  no  doubt  that  large 
numbers  of  lymphocyte-like  cells  make  their  appearance  in  the  areas  of 
fatty  tissue  which  are  undergoing  reparative  changes. 

MUSCULAR  TISSUE.— Unstriped  Muscle.— In  some  of  the  lower 
animals,  regeneration  of  unstriped  muscle  takes  place  by  division  of  pre- 
existing muscle-cells ;  and,  in  the  middle  coat  of  arteries,  in  repair,  a  new 
formation  of  muscle  must  occur ;  but,  as  a  general  rule,  in  wounds,  union 
of  unstriped  muscle  is  brought  about  by  the  formation  of  fibrous  tissue, 
and  we  cannot  definitely  trace  any  muscle -regeneration.  In  enlargement 
of  organs  composed  of  non-striped  muscle,  e.g.  the  uterus,  recent  work 
seems  to  shew  that  there  is  an  enormous  enlargement  of  the  individual 
fibres,  rather  than  a  formation  of  new  ones. 

Heart-Muscle. — Wounds  in  the  heart  are  healed  by  the  formation 
of  fibrous  tissue,  though  there  can  be  no  doubt  that  multiplication  of 
muscle-fibres  by  division  of  the  nuclei  and  subdivision  of  the  fibres  in  a 
longitudinal  direction  may  take  place. 

Voluntary  Muscle. — In  wounds,  union  by  fibrous  tissue  is  invariable ; 
though  some  regeneration  of  muscle  may  occur,  the  new  fibres  being 
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eloped  probably  from  the  sarcolemma-cells.  During  absorption  of 
muscle-fibres,  th<  marked  proliferation  of  the  Barcolemma-nuclei 

(Plate  X\  I  .  p.  L062,  Special  Pathology).  [See  Diseases  of  Muscle, 
p,  l-  :al  Pathology.) 

EPITHELIAL  TISSUES.  New  epithelium  is  always  formed  by 
proliferation  and  growth  of  pre  existing  epithelium.  Squamous  epithel- 
ium BhewB  very  pronounced  capacity  for  repair  in  this  way;  but,  even 
with  some  of  the  more  highly -specialised  epithelial  tissues,  e.g.  ciliated 
epithelium  and  glandular  epithelium,  there  is  considerable  power  of 
aeration.  Thus,  after  recovery  from  acute  bronchitis,  there  may  be 
'oration  of  the  ciliated  epithelium;  and,  in  wounds  of  the  liver, 
the  possibility  of  repair  by  proliferation  of  existing  liver-cells  is  consider- 
able. In  soine  cases,  however,  the  power  of  repair  is  extremely  limited, 
and.  where  it  does  occur,  the  epithelium  formed  may  be  of  a  lower  type 
than  that  which  was  destroyed,  and  thus,  highly  functioning  columnar 
epithelium  may  be  replaced  by  a  low,  cubical,  lining  variety.  In 
irface  wounds,  the  scar-tissue  may  shew  an  entire  absence 
of  hair-follicles  and  sebacous  glands. 

BONE.  lb-re  a  considerable  part  of  the  granulation-tissue  undergoes 
special  changes.  The  cells  of  the  granulation-tissue  are  transformed 
into  osteoblasts,  and  the  intercellular  substance  becomes  impregnated 
with  lime  salts.  This  special,  imperfectly  ossified  granulation-tissue  or 
callus  is  subsequently  partially  or  entirely  absorbed,  and  replaced  by 
more  regularly  formed  bone  with  definite  Haversian  systems — the 
method  of  formation  being  that  seen  in  normal  ossification.  (See  Diseases 
of  Bone,  p.  1039,  Special  Pathology.) 

CARTILAGE. — Union  is  most  commonly  by  fibrous  tissue,  but 
development  of  hyaline  cartilage  from  newly-formed  fibrous  tissue  may 
occur.  This  transformation  of  periosteal  tissue  to  cartilage  is  not 
infrequently  seen  in  certain  pathological  conditions. 

NERVOUS  TISSUES.— Regeneration  of  these  is  dealt  with  in  the 
chapter  on   Peripheral   Nerves  (see  pp.  1013-5,  Special  Pathology). 


CHAPTER    VII 
GRANULOMATA 

These  are  a  group  of  pathological  conditions  in  which  the  lesions  are 
the  result  of  subacute  or  chronic  inflammatory  changes,  associated  with 
various  protective  and  reparative  processes.  They  may  produce  con- 
siderable masses  which  in  many  respects  resemble  tumours.  All  of  these 
lesions,  however,  are  infective  in  nature,  and  the  specific  virus  has  in  the 
majority  of  them  been  determined.  Further,  they  are  almost  always 
accompanied  by  various  toxic  conditions,  e.g.  fever,  wasting,  amyloid 
and  fatty  degenerations,  etc.  These  so-called  granulomata  or  granulation- 
tissue  "  tumours  "  are  seen  especially  in  cases  of  Tuberculosis,  Leprosy, 
Syphilis,  Glanders,  and  infections  with  various  forms  of  Streptothricese.  An 
allied  condition,  in  which  an  infective  virus  has  not  yet  been  discovered, 
is  seen  in  Lymphadenoma  or  Hodgkin's  disease.  As  we  propose  dealing 
only  with  the  pathological  aspects  of  these  diseases,  we  must,  for  full 
descriptions  of  the  morphology,  cultural  and  staining  characteristics,  etc., 
of  the  organisms  concerned,  refer  our  readers  to  textbooks  on  Bacteriology. 

I.  TUBERCULOSIS.— The  causal  agent  of  this  condition  is  B.  tuber- 
culosis, discovered  by  Koch.  This  organism  can  generally  be  demon- 
strated in  the  various  foci  of  the  disease,  and,  at  one  time  or  other  in 
the  development  of  the  lesion,  it  is  present  in  an  active  condition.  The 
number  of  organisms  in  any  given  infected  area  varies  considerably; 
and,  in  some  of  the  very  chronic  lesions,  the  organism,  although  probably, 
in  many  cases,  still  present,  may  not  be  demonstrable  by  ordinary 
staining  methods.  According  to  the  most  recent  observations,  it  is 
clear  that  tuberculosis  in  the  human  subject  may  be  caused  either 
by  the  type  of  bacillus  most  commonly  found  in  the  pulmonary 
forms  of  the  disease  in  man — the  human  bacillus  :  or  by  that  found 
in  the  disease  in  cattle — the  bovine  bacillus.  Experimental  evidence 
also  shews  conclusively  that  many  of  the  lower  animals  can  be  infected 
by  means  of  either  form.  The  organism  gains  an  entrance  into 
the  body  by  various  means.  Probably  one  of  the  commonest  is  by 
inhalation  of  dried  bacilli,  derived  from  any  source,  e.g.  from  the 
dried-up  sputum  of  tuberculous  patients.  The  organisms  may  pass  directly 
to  the  trachea,  larger  bronchi,  or  lungs,  or  they  may  be  arrested  by 
the  moist  surfaces  of  the  tonsils  or  other  adenoid  tissue  of  the  naso- 
pharynx, and  may  then  infect  neighbouring  glands.  The  bacilli  can 
15  225 


22G 


GENERAL   PATHOLOGY 


frequently  be  demonstrated  in  the  tonsils,  especially  in  cases  where  the 
cervical  glands  are  involved.  The  affection  of  the  lymphatic  glands  is, 
at  any  rate  in  children,  commoner  than  that  of  the  lungs.  Ingestion  of 
tuberculous  material  is  also  a  fruitful  source  of  infection.  In  some  cases, 
the  tonsils  and  the  lymphoid  tissue  of  the  pharynx  may  be  affected,  but 
the  commoner  sites  arc  the  intestines  and  the  mesenteric  glands.  The 
stomach  is  rarely  involved,  though  the  gastric  juice  does  not  kill  the 
organism.  The  bacilli  may  pass  directly  through  the  wall  of  the  small  or 
large  intestine ;  and  the  mesenteric  glands  may  become  tuberculous 
without  the  coats  of  the  intestine   being  obviously  affected.     In   this 
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31. — Lymphatic  Gland,  shewing  tubercle-follicles  with  caseation  and 
giant -cells,      x  50. 


way,  many  of  th<  a  of  tabes  mesenterica  in  children,  in  which  there 

0  ulceration  of  the  intestine,  are  to  be  explained,  as  are  also  some 
oi  tl  es,  m  young  adults,  where  the  primary  site  of  infection  is 

apparently  the  glands  in  the  neighbourhood  of  the  caecum— the  bacilli, 
1,1   ,ll,>'  tog  directly  through  the  wall  of  the  csecum.    In 

other  cases,  the  walla  of  the  intestine  shew  ulceration  in  a  more  or  less 
marked  degree.  The  infection  of  the  intestine  and  mesenteric  glands  is 
common  m  young  children,  and  especially  in  those  who  have  been  fed 
largely  on  cows'  milk;  and,  in  these  cases,  it  is  very  commonly  the  bovine 
bacillus  that  is  present.  Intestinal  tuberculosis  may  also  occur  as  the 
result  of  the  Bwallowing  of  infected  sputum  by  patients  suffering  from  the 
pulmonary  form  of  the  disease. 
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Infection  by  means  of  abrasions  or  wounds  of  the  skin  is  not  common, 
though  fost-mortem  warts,  and  perhaps  also  lupus,  arise  in  this  way. 

There  are  many  cases  of  the  disease,  especially  in  bone  or  in  the  brain, 
where  the  route  of  infection  is  not  at  all  clear.  In  some  of  these,  there  is 
probably  a  spread  from  the  lymph-glands  by  means  of  lymphatics ;  but, 
in  other  cases,  the  blood  must  be  regarded  as  the  vehicle  by  which  the 
bacilli  are  carried  to  various  parts.  This  is  especially  the  case  in  some 
affections  of  bones  and  joints,  and  in  tuberculosis  of  the  testicle ;  and,  in 
these  cases,  there  is,  very  commonly,  some  local  cause  determining  the 
site  of  attack,  e.g.  previous  injury  or  weakness.  Where  infection  is 
transmitted  from  mother  to  child,  the  bacillus  gets  access  to  the  latter 
either  by  one  or  other  of  the  methods  already  described,  by  the  mother's 
milk,  or — probably  exceptionally — by  direct  transmission  through  the 
placenta.  The  child  of  a  tuberculous  mother  may  be  of  low  vitality  and, 
consequently,  more  susceptible  to  infection  by  B.  tuberculosis  than  the 
child  of  a  healthy  mother ;  but  there  is  no  evidence  that  the  child  is,  in 
the  great  majority  of  cases,  infected  in  utero. 

Extension  of  local  tuberculosis  in  the  body. — Afocus  of  tuberculosis,  once 
established,  has  a  tendency  to  spread  indefinitely,  though,  associated 
with  the  spread,  there  is  very  commonly  a  process  of  repair  taking  place, 
and  "  healing,"  or  partial  "  healing,"  may  cccur.  This  spread  may  be 
by  a  direct  infiltration  of  the  surrounding  tissues,  as  seen  in  lupus,  or  by 
passage  to  various  parts  along  the  lymphatics,  even  in  a  direction  opposite 
to  that  of  the  lymph-flow.  In  cases  of  pulmonary  tuberculosis,  tubercles 
may  be  found  in  the  lymphatic  vessels  in  the  lung,  as  well  as  in  the  bronchial 
glands.  Tuberculosis  may  also  be  spread  along  air-  or  other  natural 
passages,  along  surfaces,  and  by  way  of  the  walls  of  the  blood-vessels  or 
by  the  blood-stream.  Thus,  tuberculous  disease  of  the  lung  is  frequently 
associated  with  tuberculosis  of  the  bronchi,  trachea,  or  larynx,  and  the 
extension  into  the  lung  may  be  along  these  passages.  This  spread  along 
natural  passages  is  specially  well  illustrated  in  certain  cases  of  genito- 
urinary tuberculosis,  where  the  disease,  starting  in  the  epididymis,  may 
extend  the  whole  length  of  the  vas  deferens  to  the  vesiculae  seminales 
and  the  urinary  bladder,  and  sometimes  up  the  ureter  to  the  kidney. 
The  extension,  however,  both  into  the  lung  and  into  the  kidney,  may  be 
by  way  of  the  lymphatics  which  surround  these  natural  passages,  and  not 
along  the  lumen  of  the  passages  themselves.  The  extension  along,  or 
rather,  in,  the  superficial  skin  or  mucous  tissues  is  seen  in  lupus,  in 
tuberculous  ulceration  of  the  intestine,  etc. 

Tuberculosis  in  the  pleural,  pericardial,  or  peritoneal  cavities  may  involve 
the  whole  of  their  serous  membranes,  merely  by  the  bacilli  coming 
in  direct  contact  with  these ;  or  the  neighbouring  glands  may  become 
involved  by  the  passage  of  the  bacilli  along  the  lymphatic  channels. 

Spread  by  the  blood-stream  is  not  so  common,  but  may  occur  where 
tuberculous  foci  ulcerate  and  open  into  arteries  or  veins.     Portions  of 
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FlG  :1v  tubercle-nodule  from  Knee-joint,  shewing  endothelioid  cells 

and  Lymphocytes,     x  3u0. 

of  thf  various  systems,  it  will  be  sufficient  for  our  present  purpose  to 
study  them  In  one  situation — the  peritoneum. 

A  preliminary  polymorphonuclear  leucocyte-emigration,  lasting  about 
two  days,  takes  place  ;  ami,  though  bacilli  may  be  found  englobed  by  these 
cells,  the  m«>>t  actively  phagocytic  cells  do  not  appear  till  a  later  period. 
These  are  mononucleated  cells,  which  are  found  free  in  the  peritoneal  fluid 
in  considerable  numbers  from  the  third  day  onwards,  and  persist  till  the 
deal  h  of  the  animal.  They  may  contain  large  numbers  of  ingested  bacilli. 
If  tin-  omentum  he  examined,  the  bacilli  are  found  lodged  in  separate 
foci ;  and,  at  these  points,  even  in  twenty-four  hours,  mitosis  and  prolifera- 
tion of  the  fixed  cells  are  seen.  This  proliferation  increases,  and,  in  from 
three  to  five  days,  there  is  a  distinct  cellular  zone  surrounding  the  bacilli. 

1  Miller,  James,  Jour.  Path,  and  Bad.,  Nov.  1904,  pp.  1  el  seq. 
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the  infective  material  may  become  detached,  and  be  carried  to  various 
organs  or  tissues ;  or  the  spread  may  take  place  along  the  walls  of  the 
vessels,  or,  more  especially,  along  the  perivascular  lymphatics.  Again, 
bacilli,  carried  by  the  lymph-stream,  may  enter  the  blood,  and  a  general 
dissemination  thus  take  place. 

The  effects  produced  by  the  introduction  of  the  B.  tuberculosis,  or  of 
material  containing  it,  into  susceptible  animals. — These  effects  can  be  well 
studied  by  injecting  the  bacilli  into  the  peritoneal  cavity,  into  the  anterior 
chamber  of  the  eye,  or  into  the  liver  through  a  mesenteric  vein,  as  was 
done  by  Miller.1  As  the  changes  are  practically  identical  in  whatever 
focus  the  bacilli  become  lodged,  and  are  described  later,  under  the  diseases 
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These  cells  are  rounded  or  oval,  with  a  vesicular  nucleus  and  abundant 
cytoplasm.  They  are  endothelioid  in  character,  and  are  derived  by  a 
local  proliferation  from  endothelial  cells,  and  possibly  from  fixed  con- 
nective-tissue corpuscles.  Though  some  observers  still  maintain  that 
they  are  derived  from  the  mononuclear  cells  of  the  blood,  in  our  view, 
many  of  these  mononuclears  are  not  merely  endothelioid,  but  come 
originally /rom  the  endothelial  lining  of  the  blood-vessels,  lymphatics,  and 
lymph -spaces.  In  these  cells,  the  bacilli  may  be  found,  and  are  often  so 
numerous  as  to  suggest  a  local  multiplication  within  the  cell-protoplasm. 


1  A 


•fW^i 
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Fig.  83. — Early  tubercle -nodule  from  the  Omentum,  shewing  loss  of  outline 
of  central  endothelioid  cells   (caseation).      X  200. 


In  from  six  to  ten  days,  these  tubercle-follicles  become  surrounded  by 
a  zone  of  small  round  cells,  each  with  a  darkly  staining  nucleus  which 
almost  completely  fills  the  cell.  These  lymphoid  cells  are  derived  partly 
by  proliferation  of  local  fixed  cells,  especially  the  endothelial  cells;  but 
great  numbers  of  them  migrate  to  the  focus  from  the  lymphatics  and  the 
blood-vessels.  At  this  stage,  the  blood  shews  a  distinct  increase  in 
lymphocytes.  Whether  these  lymphoid  cells  can  become  endothelioid 
cells,  or  whether  the  endothelioid  cells  are  the  progenitors  of  the  lymphoid 
cells,  is  a  matter  of  doubt.     With  Miller,1  we  agree  that  transitions  between 

1  Loc.  cit. 
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the  two  kinds  can  be  seen;  and,  as  has  been  stated,  we  believe  that  the 
lymphoid  cells  are  in  part  derived  from  fixed  cells  of  the  infected  area,  and 
especially  from  the  endothelial  cells.  The  relative  numbers  of  endothelioid 
cells  vary  considerably  in  different  cases  and  in  different  feci  of  the  same 
case.  In  some,  the  endothelioid  cells  may  be  very  scanty ;  whilst,  in 
others,  the  lymphoid  zone  may  be  scarcely  marked.  At  this  period, 
or  usually  somewhat  later,  e.g.  in  from  eleven 'to  fifteen  days,  certain 
more  or  less  important  changes  are  seen  in  the  follicles.  The  outlines  of 
tin*  endothelioid  cells  towards  the  centre  of  the  follicle  become  indistinct, 
the  protoplasm  assumes  a  finely  granular  or  "  ground-glass  "  appearance, 


In;,  st.— Tubercle -nodules  in  the  Omentum,  Bhewing  caseation.     Giant- 
celU  are  Been,  as  dark  oval  bodies,  in  some  of  the  nodules,     x'  100. 

and  the  nuclei  break  up  or  become  obscured.  This  process  of  caseation 
■ids  from  the  centre  to  the  periphery;  and,  in  a  short  time,  there  is 
produced  a  Bomewhat  granular  focus.,  in  which  cell-outlines  and  nuclear 
Btaining  are  completely  lost,  and  which  is  surrounded  by  a  zone  of  lymphoid 
or  proliferated  connective-tissue  cells  In  this  caseous  centre,  bacilli 
may  generally  be  demonstrated.  In  certain  foci,  and  especially  in  those 
more  slowly  produced,  large  cells  of  irregular  outline  and  having  numerous 
nuc#H   eithei  red    throughout   the   cell    or   arranged  around   the 

P^P1™  een.     These  are  the  giant-cells,  and  their  protoplasm 

ents  the  same  granular  or  ground-glass  appearance  as  is  seen  in  the 
central  caseou*  m  iss.  Bacilli  may  be  found  in  these  cells  also.  Various 
™*  theil  111«"!<-  ^  formation  have,  at  different  times,  been  pro- 
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pounded;  but  all  recent  work  on  the  subject  seems  to  indicate  that  they 
are  formed  either  by  a  fusion  of  the  endothelioid  cells,  or,  less  commonly 


Fig.  85. — "  A  giant-celled  system,"  shewing  giant-cell  with  central  caseation, 
fibrous  trabecule,  and  zone  of  lymphoid  cells.      X  200. 


Fig.  86. — A  nodule  in  chronic  tuberculosis  of  the  lung,  shewing  central  caseation, 
giant-cell  formation,  and  peripheral  fibrous-tissue  over-growth.     X  50. 

— if  at  all — by  a  multiplication  of  the  nuclei  of  these  cells,  without 
corresponding  division  of  their  cytoplasm. 
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The  degenerative  change  or  caseation  in  the  nodules  is  due  largely  to 
the  action  of  the  tubercle  bacilli  and  their  products;  though,  no  doubt, 
the  absence  of  vessels,  which  have  become  obliterated  during  the  process 
probably  by  the  swelling  and  degenerative  changes  in  their  endothelial 
lining— plays  an  important  part.  Larger  areas  are  formed  by  fusion  of 
these  smaller  ones,  the  central  part  often  breaks  down  and  liquefies,  and 
may  become  discharged,  irregular  cavities  being  thus  formed. 

\  <ry  commonly,  especially  in  the  more  chronic  cases,  proliferative 
changes  of  the  nature  of  fibrous  over-growth  take  place  in  the  neighbour- 
hood of  the  nodules.  At  first,  the  proliferative  changes  are  evidenced  by 
highly  vascular  granulation-tissue,  which  shews  great  numbers  of  large 
mononucleated  wandering  cells  (endothelioid  in  nature)  and  giant-cells. 
This  tuberculous  granulation-tissue  may  undergo  coagulative  necrosis  or 
tion,  but,  more  commonly,  in  the  chronic  cases,  it  forms  dense 
fibrous  tissue.  In  this  way,  may  be  produced  wide-spread  interstitial 
changes;  the  focus  of  tuberculosis  may  be  surrounded  and  completely 
shut  in  by  this  dense  fibrous  tissue,  and  may  become  invaded  by  the  newly- 
formed  tissue,  a  nodule  of  fibrous  tissue  eventually  being  the  sole  repre- 
sentative of  the  original  tuberculous  focus.  Very  often,  however,  caseous 
or  calcareous  material  may  be  found  in  this  fibrous  nodule ;  and,  micro- 
scopically, giant-cells  may  be  seen. 

These  effects  may  be  briefly  summarised  thus  : — 

1 .  Local  proliferative  changes  at  the  site  of  lodgment  of  the  bacilli, 

emigration  of  leucocytes  from  the  neighbouring  vessels,  formation 
of  giant-cells,  etc.,  giving  rise  to  a  mass  of  new  tissue — the  tubercle- 
follicles  or  granulomatous  masses.  These  changes  are  caused  by 
something  in  the  bodies  of  the  bacilli,  and  have  been  produced 
also  by  injecting  dead  organisms. 

2.  1  degenerative  and  necrotic  changes  in  these  masses — caseation — due, 

in  part,  to  the  local  action  of  the  living  bacilli  and  their  products. 

3.  General  diffusion  of  the  toxins,  producing  fever  and  wasting,  and 

;i]h>  fatty  and  waxy  degenerations,  etc. 

4.  Proliferative  changes  in  the  neighbourhood  of,  and  extending  from, 

the  local  area  of  tuberculosis.  These  are  simply  an  extension  of 
the  earlier  proliferative  changes;  and  the  ratio  between  these  and 
the  destructive  changes  is  an  index  of  the  activity  of  the  bacilli, 
or  of  the  vitality  and  power  of  resistance  of  the  tissues.  Thus, 
if  the  tissues  be  able  to  resist  the  action  of  the  bacillus,  either  in 
\  iit  ue  of  t  heir  own  vitality  or  through  the  feebleness  of  the  bacillus, 
the  proliferative  changes  will  be  in  excess  of  the  destructive  ones; 
whereas,  if  the  bacillus  be  virulent,  or  the  tissues  feeble,  the 
destructive  changes  will  predominate. 

Macroscopical  appearances.— In  the  early  stages,  in  some  situations,  e.g. 
in  the  meninges  and  in  the  peritoneum,  there  may  be  merely  a  fibrinous 
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exudate,  resembling  that  seen  in  acute  non-tuberculous  inflammation; 
but,  later,  definite  nodules  are  seen.  These  are,  at  first,  very  small, 
rounded  or  irregular,  opaque  greyish-white  areas,  which  may  be  localised 
or  widely  diffused,  as  in  the  condition  of  acute  miliary  tuberculosis.  These 
areas  may,  by  individual  growth  or  by  coalescence,  increase  considerably 
in  size,  and  form  large  tumour-like  masses,  as  is  sometimes  seen  in  the 
brain.  These  larger  areas  have  very  often  a  yellowish  or  greenish-yellow 
appearance,  and  may  shew  softening  or  irregular  cavities.  Some  of  the 
more  chronic  nodules  are  pearly-white  in  appearance  and  very  firm, 
owing  to  interstitial  fibrous  over-growth.  Others  may  shew  a  deposit  of 
lime-salts. 

The  characteristic  appearance  seen  in  tuberculous  infection  of  the  lungs, 
intestines,  etc.,  will  be  described  under  the  diseases  of  these  organs. 

TUBERCULOSIS  IN  THE  LOWER  ANIMALS.— Tuberculosis  is  common 
in  cattle,  but  may  also  affect,  though  to  a  less  extent,  horses  and  pigs;  in 
fact,  almost  all  the  warm-blooded  animals  are  susceptible  to  the  disease, 
and  it  is  specially  common  in  domesticated  animals.  The  bacillus  of  human 
tuberculosis  can  infect  most  of  these  animals ;  and — what  is  of  special  import- 
ance— the  organism  of  bovine  tuberculosis,  which  has  been  regarded  as  a 
different  species,  can,  and  often  does,  give  rise  to  tuberculosis  in  the  human 
subject.  In  cattle,  the  structures  most  frequently  affected  are  the  serous 
membranes — the  pleura  and  peritoneum  especially.  In  these  positions, 
large  bean-shaped  or  potato-like  nodules  are  seen  attached  to  the  surface,  or 
supported  by  membranous  villous-like  projections.  They  may  form  very 
large  masses,  and  are  usually  white,  firm,  and  frequently  calcareous.  On 
account  of  their  size  and  their  pearl-like  appearance,  the  names  "  pommeliere  " 
and  "  perlsucht  "  have  been  applied  to  them  in  France  and  Germany. 

II.  LEPROSY. — A  bacillus  closely  resembling  in  its  morphological 
characters  the  B.  tuberculosis  is  found  constantly,  and  generally  in 
enormous  numbers,  in  the  lesions  of  leprosy.  This  B.  leprce  is  regarded 
as  specific,  but,  on  account  of  the  incubation -period  of  the  disease  lasting 
for  months  or  years,  it  is  difficult  to  establish  absolute  proof.  The  disease 
can,  apparently,  be  transmitted  from  one  person  to  another  by  prolonged 
and  very  close  contact,  and  there  seems  little  reason  to  doubt  that  the 
infecting  agent  is  the  bacillus  described  by  Hansen  in  1874.  The  part 
played  by  possible  insect-vectors  in  the  transmission  of  the  disease,  is 
still  an  open  question.  The  disease  is  localised  to  certain  districts,  and 
is  prevalent  in  Norway,  India,  China,  Mexico,  certain  parts  of  South 
America,  the  Sandwich  Islands,  Egypt,  and  Abyssinia.  It  presents  itself 
in  two  forms — the  tubercular  and  the  anaesthetic. 

Lepra  tuberculosa. — In  this  variety,  nodular  elevations  are  formed  in 
the  skin,  especially  of  the  face  and  hands,  and  in  the  mucous  membranes 
of  the  mouth  and  larynx.  In  the  face,  the  nodules  are  seen  on  the  cheeks, 
nose,  ears  and  eyebrows.  The  eyebrows  and  eyelashes  fall  out,  and 
the  skin  in  these  regions  becomes  wrinkled  and  thickened,  giving  the 
characteristic  "  leonine  "  expression.     The  nodules,  at  first  reddish  or 
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Muish  in  colour,  very  Blowly  become  pale,  firm  and  of  varying  size,  and 
may  extend  so  as  to  involve  mucous  surfaces.  They  are  composed  of 
granulation-tissue,  i.e.  of  proliferated  connective-tissue  cells  and  leuco- 

8.  The  cellular  intiltration  occurs  especially  about  the  blood-vessels, 
and  is  made  up  of  numerous  mononuclear  cells,  some  of  the  lympho- 
tvpe.  and  others  with  a  single,  pale  vesicular  nucleus  and  abundant 
vacuolated  protoplasm.  These  latter  are  wandering  phagocytic  cells. 
They  may  be  crowded  with  bacilli,  and  have  been  called  "  lepra-cells." 
New  blood-vessels  are  present  in  more  or  less  abundance.  The  nodules 
may  break  down,  giving  rise  to  irregular  ulcers ;  and,  in  the  neighbourhood 
of  these,  extensive  fibrous  cicatrisation  may  occur.  This  development  of 
fibrous  tissue  may  take  place  without  ulceration.  By  the  formation  of 
t  he  nodules,  and  by  their  ulceration  and  cicatrisation,  unsightly  deformities 
may  be  produced.     Similar  nodules  are  found  in  the  liver  and  spleen. 

Lepra  anaesthetica. — Inthisform,the  principal  lesion  is  in  the  peripheral 
nerves,  on  which  are  seen  spindle-shaped  swellings,  composed  of  granul- 
ation-tissue formed  from  the  perineurium.  This  granulation-tissue  is 
rich  in  bacilli  and  "lepra-cells";  and,  partly  by  pressure,  but  mainly 
by  intiltration,  causes  inflammatory  and  degenerative  changes  in  the 
nerves  themselves.  Rarely,  these  new  formations  are  seen  in  the  brain 
<m  Bpinal  cord. 

These  nerve-affections  give  rise  to  neuralgias,  and  also  to  trophic 
disturbances,  leading  to  atrophy  in  the  skin,  the  bones,  and  other  tissues. 
In  the  skin,  localised  patches  of  anaesthesia  occur;  and,  in  these,  there  may 
be  a  diminution  or  an  increase  of  pigment,  leading  to  the  production  of 
whitish  or  brownish  areas,  which  are  liable  to  ulcerative  or  other  necrotic 
changes.  The  destructive  effects,  aided,  no  doubt,  by  the  results  of 
Infection  with  pyogenetic  organisms,  may  be  extremely  marked,  leading  to 
at  rophy  of  the  bones  and,  not  uncommonly,  to  falling  off  of  the  fingers  or 
the  toes.  The  nose,  the  hands,  the  feet,  and  even  larger  parts  of  limbs 
may  drop  off  as  a  result  of  these  necrotic  processes.  Very  com- 
monly, the  two  forms  of  leprosy  are  co-existent.  Nodular  masses  of 
leprous  tissue  may  occur  in  the  lymphatic  glands,  liver,  spleen,  testes, 
lungs,  kidneys,  etc.,  but  they  are  not  common,  though  the  bacilli  can  be 
easily  demonstrated  in  the  internal  organs,  and  microscopic  lesions  are 
not  infrequent. 

III.  SYPHILIS.  This  disease  occurs  naturally  in  the  human  subject 
alone.  Almost  all  of  the  lower  animals  are  immune,  but  it  can  be  experi- 
mentally transmitted  to  the  anthropoid  apes  and  some  of  the  lower 
monkeys.  In  1905,  Schaudinn  described  the  causal  organism,  which  he 
at  tir-t  named  Spirochwla  'pallida,  and  afterwards  Spironema  or  Treponema 
pallidum.  This  is  an  extremely  delicate,  actively  motile,  long,  spiral, 
thread-like  body,  the  spirals  being  regular,  narrow,  and  deep.  It  tapers 
at  the  ends  to  a  -harp  point.     It  varies  in  length  from  -i  to  20/1,  and  the 
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spirals  average  8  to  10  in  number,  though  there  may  be  as  many  as  24  or 
26.  Terminal  flagella  have  been  described.  During  the  "  resting  state," 
undulating  movements  may  be  observed  passing  along  the  length  of  the 
organism,  and  these  have  suggested  the  presence  of  an  undulating  mem- 
brane. Most  observers,  however,  agree  that  this  is  not  present,  or  at 
any  rate  that  its  presence  has  not  yet  been  satisfactorily  demonstrated. 
In  certain  specimens,  two  flagella  at  one  end  have  been  described,  and  this 
appearance  has  been  interpreted  by  some  observers  as  suggesting  an 
attempt  at  longitudinal  division.  There  is  not  sufficient  evidence  on  this 
point  to  justify  any  such  conclusion.  The  organism  is  always  present, 
and  can  easilv  be  demonstrated,  in  the  initial  lesions.     It  is  also  found  in 


Fig.  87. — Spleen  from  a  case  of  congenital  syphilis,  shewing  numerous 
Spirochetes  pallidce.     Levaditi  silver-impregnation  method.      X  1000. 

the  mucous  patches  and  condylomata,  in  the  papules,  in  the  enlarged 
lymphatic  glands, in  the  blood  from  the  roseolar  rash, and  in  the  circulating 
blood  in  the  secondary  stage  of  the  disease.  It  occurs  very  constantlv 
in  the  blood  and  in  the  organs  and  tissues  of  infants  suffering  from  con- 
genital syphilis ;  and  it  can  also  not  infrequently  be  demonstrated  in  the 
tertiary  lesions  of  the  disease. 

Anthropoid  apes  have  been  inoculated  with  discharges  containing  the 
organisms  and  have  developed  typical  syphilitic  lesions,  in  which  the 
spirochaetae  have  been  again  found.  Most  of  the  monkey-tribe  are 
susceptible,  and  lesions  have  also  been  produced  experimentally  in  rabbits 
and  other  of  the  lower  animals.  The  organism  has  been  isolated  from  the 
various  lesions  and  grown  in  pure  culture.  The  causal  relationship  of 
the  organism  to  the  disease  has  been  fully  established. 
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Method  of  Infection  and  Spread. — The  disease  is  definitely  infective, 
and.  in  almost  all  cases,  it  is  transmitted  from  one  individual  to  another 
by  contact.  There  may  be  direct  passage  of  the  virus  through  the  placenta 
from  the  mother  to  the  foetus.  The  spread  is  mainly  by  the  lymphatics, 
and  the  glands  in  the  neighbourhood  of  the  primary  lesion  soon  become 
involved.  The  presence  of  the  organism  in  the  circulating  blood  shews 
that  it  must  be  spread  also  by  this  means. 

Morbid  Anatomy  and  Histology. — The  course  of  the  disease  may  be 
divided  into  three  stages  : — 

(a)  Primary  lesion  or  chancre. — This  most  commonly  occurs  about  the 

i  nal  generative  organs,  but  may  be  found  on  other  parts  of  the  body 
which  have  been  in  contact  with  the  syphilitic  virus.  After  a  period  of 
incubation  of  about  three  weeks  or  more,  a  papule  or  a  vesicle  makes  its 
a  j tpca ranee.  This  is  usually  red  and  inflamed,  the  base  very  soon  becomes 
hard  or  indurated,  and  is  distinctly  "  cartilaginous  "  to  the  touch.  This 
hard  or  indurated  or  Hunterian  chancre  becomes  eroded,  superficial 
ulceration  occurring.  Microscopically,  this  nodule  is  inflammatory  in 
nature,  and  is  composed  at  first  of  rounded  lymphoid  cells,  which  very 
Boon  become  mingled  with  proliferated  connective-tissue  cells — rounded 
and  spindle-shaped.  Giant-cells  are  rarely  present.  The  blood-vessels 
shew  thickening,  especially  of  their  inner  coat.  The  newly -formed  tissue 
tends  to  remain  undeveloped — i.  e.  the  cells  do  not  proceed  to  the  form- 
at ion  of  fibrous  tissue — and  cicatrisation  is  therefore  not  a  usual  sequel. 
When  healing  takes  place,  the  nodule  disappears  and  leaves  very  little 
evidence  of  its  previous  presence. 

The  virus  is  carried  by  the  lymphatics  to  the  neighbouring  glands, 
which  become  enlarged  and  hard,  and  which,  on  microscopical  examina- 
tion, shew  masses  of  irregularly  formed  granulation-tissue,  similar  to 
that  seen  in  the  chancre.  The  Spirochceia  pallida  can  generally  be 
demonstrated  in  the  deeper  parts  of  the  chancre  and  in  the  lymphatic 
glands. 

(6)  Secondary  lesions. — These  are  usually  generalised  and  more  or 
symmetrically  distributed.  Thus,  both  arms,  both  sides  of  the 
chest,  etc.,  shew  the  secondary  rash.  This  suggests  a  distribution 
of  the  virus  by  means  of  the  blood.  The  lesions  are  accompanied  by 
fever  and  constitutional  symptoms,  and  present  analogies  to  similar 
phenomena  in  the  specific  infective  fevers.  They  occur  at  a  varying 
time   after   the    primary  infection — from   three   or  four   weeks  up  to 

ral  months.  They  are  most  frequent  in  the  skin,  where  they 
may  shew  as  a  roseolar  rash,  or  as  papular,  macular,  or  scaly  eruptions, 
which  usually  cause  little  irritation.  Periostitis  or  pharyngitis  may  also 
occur,  and  slightly  raised  nodules  shewing  superficial  erosion  or  ulceration 
-  the  mucous  patches  and  condylomata — are  seen  on  mucous  membranes 
and  the  neighbouring  skin,  e.g.  of  the  mouth,  the  pharynx,  the  vulva,  or 
the  anus.     The  microscopical  appearances  of  the  mucous  patches  and 
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condylomata  are  very  similar  to  those  of  the  primary  chancre,  and  the 
Spirochceta  pallida  is  found  in  large  numbers  in  these  lesions. 

(c)  Tertiary  lesions. — These  are  specially  characterised  by  the  presence 
of  local  tumour-like  formations  or  gummata  ;  but  there  are  always 
associated,  more  or  less  diffuse,  syphilitic  changes  in  the  arteries,  and  in 
various  internal  organs,  e.g.  the  liver,  lung,  etc.  The  gummata  are  whitish 
or  greyish  in  appearande,  commonly  with  a  yellow  caseous  centre.  They 
vary  considerably  in  size,  from  microscopic  nodules  to  those  the  size  of 


Fig.  88. — Lung.     Syphilitic  Interstitial  Pneumonia.     Stained 
for  elastic  tissue.     X  28. 


a  large  orange.  They  are  not  definitely  encapsuled;  but  the  periphery 
generally  merges  into  a  firm  connective  tissue,  which  extends  somewhat 
into  the  surrounding  structures,  and  is  a  new  formation. 

Microscopically,  a  gumma  is  composed  of  masses  of  rounded  lymphoid 
cells  and  proliferated  connective-tissue  corpuscles,  which  may  be  rounded, 
irregular,  or  spindle-shaped  in  outline.  Giant-cells  and  endothelioid  cells 
may  also  be  present.  The  giant-cells  resemble  those  seen  in  tuberculosis, 
but  usually  they  are  somewhat  smaller  and  more  irregular,  and  shew  less 
definite  caseation  in  their  centres.  The  blood-vessels  nearly  always 
shew  thickening  of  their  intima,  and  periarteritis  is  also  a  common  feature. 
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•ndary  changes,  giving  rise  to  caseation  and  fatty  degeneration,  almost 
always  occur.  The  gummata  may  be  found  in  practically  any  of  the 
tissues  or  organs  of  the  body,  but  their  most  frequent  sites  are  the  peri- 
osteum  ;md  bone,  though  they  are  also  common  in  the  liver  and  the  brain. 
If  the  gummata  arc  situated  in  mucous  membranes  or  in  tissues  close  to 
a  skin-surface,  the  necrotic  changes  may  lead  to  ulceration  and  great 
destructive  changes;  or  they  may  erode  cartilage  or  bone  and  bring  about 

riderable  deformity. 

Concerning  the  diffuse  infiltrations  caused  by  syphilis,  little  need  be 


FlG.  °'.     Bj  philitic  artery,  shewing  proliferative  changes  in  the  inner  coat 
darteritis  obliterans),  and  also  a  periarteritis,     x  30. 

**id  here.  Though  acute  inflammatory  changes,  e.g.  acute  aortitis, 
may  occur,  such  diffuse  lesions  are  mainly  of  the  nature  of  fibrous  over- 
growths, at  iiiM  composed  of  cellular  and  vascular  granulation-tissue, 
and.  later,  becoming  developed  into  well-formed  fibrous  tissue.  These 
infiltrations  are  Men  in  the  lm  r  and  in  the  lungs,  and  in  both  the  inner 
coal  and  adventitia  of  the  arteries,  and  are  referred  to  under  diseases  of 
these  organs  and  tissues.  Waxy  or  amyloid  degeneration  is  a  frequent 
philis  in  its  later  stages. 
Syphilitic  disease  of  the  nervous  system  is  especially  characteristic  of 
the  tertiary  stage ;  and  such  conditions  as  meningitis,  dementia  paralytica, 
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tabes,  etc.,  which  are  now  known  to  be  syphilitic  in  origin,  are  described 
later  under  Diseases  of  the  Nervous  System. 

Congenital  Syphilis. — Syphilis  may  either  be  developed  in  utero,  and 
the  embryo  may  die  in  the  uterine  cavity  and  be  aborted,  either  in  a 
macerated  condition  or  well  formed  and  apparently  healthy ;  or  the  child 
may  be  born  with  syphilitic  lesions.  On  the  other  hand,  the  disease 
may  be  acquired  during  birth,  by  contact  with  the  syphilitic  lesions  in 
the  passages  of  the  mother.  The  former  alone  is,  in  the  strict  sense,  con- 
genital syphilis,  and,  in  the  aborted  foetus,  the  spirochsetes  are  found, 
usually  in  enormous  numbers,  in  the  liver,  spleen,  etc.     In  the  latter  form, 


Fig.  90. — Liver  from  a  case  of  congenital  syphilis,  shewing  diffuse  over- 
growth of  connective  tissue  (intercellular  cirrhosis).     X  300. 


the  changes  are  practically  the  same  as  those  of  acquired  syphilis,  but 
modified  by  the  fact  that  they  are  produced  in  young,  growing  tissues. 
Thus,  affections  of  the  skin,  in  the  form  of  roseolar  and  papular  eruptions, 
fissures  and  maculae,  inflammations  of  the  cornea  and  sclerotic,  inflam- 
mation of  the  mucous  membranes,  etc.,  may  occur.  Inaddition,  the  wedge- 
shaped  or  peg-like  teeth  and  the  notching  of  the  upper  central  incisors 
(Hutchinson's  teeth)  are  commonly  seen.  In  true  congenital  syphilis, 
the  inflammatory  changes  may  also  be  present,  but  the  more  character- 
istic lesions  are  of  a  chronic  nature.  They  are  seen  in  the  liver,  lung, 
periosteum,  dura  and  pia  mater,  in  the  bones,  and  in  the  arteries ;  and  are 
mainly  of  the  nature  of  a  diffuse  over-growth  of  fibrous  tissue,  which 
interferes  with  the  normal  cell-arrangement  or  distribution,  and  often 
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leads  to  atrophy  and  absorption  of  functioning  structures.  The  newly- 
formed  connective  tissue  itself  undergoes  contraction,  and  leads  to  irregu- 
la  i  scars  and  fissures.  Gummata  are  sometimes  present,  and  are  commonly 
yellowish-white  and  gelatinous  in  appearance. 

FRAMBGESIA,  or  YAWS. — This  is  a  granulomatous  disease,  occurring 
in  certain  tropical  countries,  such  as  the  West  Coast  of  Africa,  the  West 
Indies,  Ceylon  and  elsewhere,  and  especially  characterised  by  cutaneous 
lesions.  It  is  caused  by  the  Spirochceta  pertenuis  or  pallidula,  an  organism 
which  very  closely  resembles,  but  is  probably  distinct  from,  Sp.  pallida; 
although  the  disease  is  still,  by  some  authorities,  regarded  as  a  modified 
form  of  syphilis. 

IV.  GLANDERS. — This  is  a  disease  specially  attacking  the  horse  and 
the  ass,  but  it  can  be  communicated  to  man.     The  causal  organism  is 
B.  mdUeij  and  the  disease  may  occur  either  in  an  acute,  or  in  a  chronic,  form. 
In  the  horse,  the  acute  form  manifests  itself  by  the  formation  of  granul- 
ation-tissue swellings  of  the  mucous  membrane  or  skin.     The  disease  com- 
mences in  the  mucous  membrane  of  the  nose,  and  spreads  to  the  adjacent 
lymphatic  glands,  and  along  the  mucous  membrane  of  the  bronchi  and 
tinal  tract.     The  skin  may  also  be  attacked.     In  man,  the  disease 
uallv  very  acute  and  rapidly  fatal.     Nodules  and  ulcers  may  appear 
in  the  mucous  membranes  or  in  the  skin;  and  diffuse  spreading  inflam- 
mation, with  purulent  infiltration   between  the  muscles,  may  be  seen. 
Abscesses  in  the  internal  organs  may  follow,  death  supervening  in  these 
a  from  pyaemia. 

The  nodules  in  glanders  are  largely  inflammatory  in  nature,  and  often 
Bhew  necrosis  or  caseation  in  their  central  parts.  If  near  the  surface, 
they  may  ulcerate.  In  the  more  chronic  forms,  there  is  a  spreading 
inflammatory  reaction  along  the  lymphatics,  with  enlargement  of  the 
lymphatic  glands,  giving  rise  to  irregular  "  cords  "  and  "knots."  To 
this  condition  the  name  Farcy  has  been  applied,  and  the  swellings  are 
spoken  of  as  "Farcy-buds."  In  these,  there  is  an  over-growth  of  con- 
nective  tissue ;  and  necrotic  changes  and  ulceration  are  liable  to  occur. 

\  .  ACTINOMYCOSIS. — This  disease  is  very  common  in  oxen,  the  so- 
called  "woody  tongue."  being  its  principal  manifestation.  It  occurs 
with  comparative  frequency  also  in  man.  The  causal  organism  is  the 
Actinomyces  (Actinomyces  bovis),  or  ray-fungus,  which  gains 
entrance  to  the  body  most  frequently  by  way  of  the  alimentary  canal— 
verv  commonly  by  a  breach  of  continuity  in  the  mucous  membrane  of 
the  mouth— or  by  the  respiratory  passages.  It  spreads  usually  by 
direct  continuity,  but  may  be  carried  to  distant  parts  by  the  lymphatics 
or  by  the  blood-vessels,  and  thus  may  give  rise  to  multiple  foci  in  widely 
separated  areas. 

Characters  of  the  lesions.— In  cattle,  tumour-like  nodules  may  be  seen 
on  various  mucous  or  serous  surfaces,  or  large  masses  may  occur  in  the 
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neighbourhood  of  the  jaws  and  on  the  tongue — the  last  being  the  common- 
est site  of  the  disease.  These  masses  are  composed  of  granulation-tissue 
infiltrated  with  the  fungus.  The  nodules  tend  to  become  fibrous  or 
calcified,  though  extensive  suppuration  may  occur  in  some  of  them. 

In  man,  there  is  usually  suppuration,  with  necrotic  changes.  Abscesses 
may  form  in  any  part  of  the  body,  and  the  surrounding  tissues  may  under- 
go extensive  necrosis.  The  infection  burrows  through  the  tissues  in  all 
directions,  forming  very  irregular  suppurating  channels.  More  than  half 
of  the  cases  are  about  the  mouth  and  pharynx,  and  appear  to  commence 
in  the  gums.  The  lesions  may  be  primary  in  the  lung,  possibly  from 
bronchial  infection,  or  in  the  appendix  or  other  parts  of  the  intestinal 


• 
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Fig.  91. — Actinomycotic  abscess  in  the  lung  of  a  man  set.  about  40  years, 
shewing  a  mass   (black)  of  Streptothrix  actinomyces.     X  60. 

canal.  The  pus  is  usually  extremely  thick,  yellowish  or  greenish  in 
colour,  and  contains  minute  yellowish -grey  or  black  masses,  which  are  soft, 
and  which,  on  microscopical  examination,  are  seen  to  be  masses  of  the 
fungus. 

Other  forms  of  Streptothrix-infection. — Allied  to  Actinomycosis,  and  pro- 
ducing, in  man,  similar  suppurative  lesions,  with  necrosis  and  sometimes 
pyaemia,  several  conditions  have  been  described  in  which  the  causal  organism 
resembles,  in  many  respects,  the  Streptothrix  actinomyces.  Of  these,  the  most 
important  are  Mycetoma,  or  Madura  foot,  due  to  the  S.  madurce;  and  the 
pyeemic  conditions  produced  by  the  S.  asteroides. 

Hodgkin's  disease. — This  need  only  be  mentioned  here.  By  some  observers 
it  is  regarded  as  a  manifestation  of  tuberculosis ;  but  we  agree  with  those  who 
hold  that  it  is  a  distinct  disease,  which,  however,  has  some  resemblances  to 
the  infective  granulomata  in  its  method  of  spread  and  development.  The 
cause  or  causes  which  produce  it  are  as  yet  quite  unknown . 

Aspergillosis. — Cases  of  affection  of  the  lungs  by  Aspergillus  fumigaius 
16 
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have  been  described.     The  lungs  usually  shew  areas  of  broncho-pneumonia, 
and,  associated    with    these,  are   small,    grey    nodules    composed   of   necrotic 


lie.  '.'  n  o\  mass  of  Streptothriz  actinomyces,  shewing  filamentous 

structure.      X  500. 


■ 

■ 


''"••    '"'       •,"-1"    '!    "   '-    "'    human    Ium,    shewing    "dubbin*"    of 
extremities  oi  fee  filaments  of  Streptotfoiz  actinomyces.     x  500. 

tissue  and  leucocytes,  and  containing  masses  of  fructifying  mycelium      A 
similar  infection  ot  the  external  ear  with  Asperoilli  has  been  descr il ed 
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Sporotrichosis. — Indolent  granulomatous  lesions  of  the  skin,  pharynx, 
larynx,  etc.,  resembling  syphilis  or  tuberculosis,  have  been  described  by 
many  authors.  Necrosis  and  abscess-formation  occur,  and  from  many  of 
these  cases,  oval,  highly  refractile  spores  of  the  Spirotrichon  beurmanni  have 
been  isolated;  and  similar  lesions  have  been  produced  experimentally  by 
inoculation  with  this  organism. 

Blastomycosis. — This  is  another  form  of  granuloma,  in  which  skin-lesions 


Fig.  94.- 


-Malignant  Pustule  on  the  face,  shewing  central  eschar  and 
ring  of  vesicles. 


are  characterised  by  subcutaneous  ulceration  or  abscess-formation,  generally 
with  epithelial  hyperplasia — producing  papillomatous  masses.  The  internal 
organs,  particularly  the  lungs,  become  affected  with  a  chronic  suppurative 
process.  A  yeast-like  fungus — Blaslomycetes  (budding-fungus) — is  regarded 
as  causal. 


ANTHRAX. — The  usual  local  lesion  due  to  infection  with  B.  anlhracis 
is  known  as  "  malignant  pustule."  Though  not  one  of  the  granulomatous 
diseases,  it  is  convenient  to   describe  the  condition  along  with  them. 
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It  usually  occurs  on  the  exposed  surfaces — the  face,  hands,  forearms  and 
back.     The  first  indication  is  the  development  of  a  small  red  pimple, 
which   very  soon   becomes  a  vesicle  containing  clear  or  blood-stained 
fluid,  and  surrounded  by  an  area  of  intense  congestion.     Central  necrosis 
occurs,  and.  eventually,  a  black  eschar,  surrounded  by  a  ring  of  vesicles, 
a,     From  this  k"  malignant  pustule,"  subcutaneous  oedema  spreads, 
cially  along  the   lymphatic  vessels;  and  the  neighbouring  glands 
become  inflamed.     The  characteristic  bacilli  are  found  in  the  vesicles 
and.  in  a  comparatively  short  time,  invasion  of  the  blood-stream  occurs. 
The  primary  site  of  infection  may  be  in  the  trachea,  giving  rise  to  wool- 
see  under  Diseases  o!  the  Respiratory  System,  p.  666, 
Special  Pathology),  or  in  the  intestine. 


CHAPTER   VIII 
HYPERTROPHY  AND   HYPERPLASIA 

Virchow  defined  hypertrophy  as  an  increase  in  the  actual  size  of  the 
individual  tissue-elements,  and  hyperplasia  as  an  increase  in  their  number; 
but  there  is  no  general  agreement  among  pathologists  as  to  this  use  of 
the  terms,  nor  is  it  in  any  way  a  practicable  or  useful  method  of  classifica- 
tion, for  in  most  cases  of  excessive  growth  there  is  an  increase  both  in 
the  size  and  in  the  number  of  the  individual  tissue- elements  concerned. 
It  is  better  to  reserve  the  term  hyperplasia  for  proliferative  changes  in  a 
tissue — not  being  an  actual  tumour-growth — where  no  useful  purpose  is 
served  by  such  proliferation  ;  whilst  the  term  hypertrophy  should  be  used 
to  denote  the  condition  where  there  is  a  disproportionate  increase  of  an 
organ  or  of  some  of  its  essential  component  elements,  to  meet  a  demand 
for  increased  functional  activity.  In  other  words,  hypertrophy  must  be 
looked  upon  as  a  physiological  process  or  reaction,  whereby  the  tissue 
adapts  itself  to  meet  the  increased  requirements  produced  by  physio- 
logical, or,  it  may  be,  by  certain  unphysiological,  i.  e.  abnormal,  conditions. 

The  condition  of  hyperplasia,  as  defined  above,  is  frequently  seen  in 
repair,  in  cases  where  the  reparative  processes  have  been  carried  out  in 
excess  of  the  actual  requirements.  Thus,  in  the  repair  of  a  fractured 
bone,  the  scaffolding  of  imperfectly  formed  osseous  tissue  or  callus,  which 
acts  as  a  temporary  means  of  union  and  support,  may  be  formed  in  con- 
siderable excess ;  and,  if  this  tissue  persists,  instead  of  undergoing  absorp- 
tion as  it  should  normally  do,  the  condition  may  be  regarded  as  one  of 
hyperplasia.  Similarly,  such  hyperplastic  phenomena  may  be  seen  in  the 
repair  of  connective  tissue,  squamous  and  other  forms  of  epithelium,  etc. 

In  the  consideration  of  the  subject  of  hypertrophy,  we  must  exclude 
all  developmental  aberrations  in  the  mere  size  of  organs  and  tissues,  e.  g. 
inequality  in  the  relative  size  of  certain  of  the  paired  organs.  It  must  be 
borne  in  mind,  however,  that,  during  foetal  as  well  as  in  extra-uterine  life, 
true  hypertrophy  may  occur  in  certain  organs  when  such  is  necessitated 
by  increased  functional  demand.  All  forms  of  new  growth  or  neoplasm 
must  be  carefully  differentiated  from  hypertrophy,  as  well  as  such  con- 
ditions as  abnormal  enlargements,  say  of  bone,  due  to  defective  absorption ; 
and  also  any  thickening  of  the  tissues  due  to  diseases  such  as  syphilis, 
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chronic  tuberculosis,  osteitis  deformans,  acromegaly,  myxcedema,  etc.— 
none  of  these  conditions  being  really  a  hypertrophy  in  the  strict  sense  of 
our  definition. 

Similarly,  we  cannot  regard  as  true  hypertrophy  the  increase  in  certain 
of  the  tissues  which  results  from  the  cessation  of  the  accustomed  friction 
and  rubbing  away,  or  other  mechanical  means  whereby  their  over-growth 
is,  under  normal  circumstances,  prevented.  Instances  of  such  abnormal 
thickening  are  seen  in  the  case  of  the  epidermis,  especially  in  that  of  the 
soles  of  the  feet,  which  occurs  in  bedridden  patients;  or  in  the  growth  of 
the  nails  or  hair  when  these  structures  are  not  properly  trimmed ;  or, 
again,  in  the  remarkable  tusk-like  elongation,  usually  combined  with 
curving,  which  is  sometimes  seen  in  the  incisor  teeth  of  rodents  when,  on 
account  ol  malformations  of,  or  injuries  to,  the  jaws,  accurate  apposition 
between  the  incisors  of  the  upper  and  lower  jaws  is  not  obtained,  those 
h  in  these  animals  continuingto  grow  indefinitely.    Such  instances  are, 

of   course,  to    be    regarded    as  due  to 
imperfect  removal  rather  than  to  true 
^  hypertrophy  of  these  structures. 

"~  The    commonest   examples   of   true 

hypertrophy  to  meet  increased  func- 
tional demands  are  to  be  found  in  the 
case  of  the  hollow  muscular  organs, 
e.  g.  the  heart,  bladder,  uterus,  muscular 
wall  of  the  stomach  and  intestine,  etc. 
^■^^^^^  In    these    viscera,    the    condition    may 

occur — usually    along    with   a    varying 
Fio.  95.    Transverse  section  through       ,  ,    -,.,   ,    ,.  -, 

wtricle8nearapex,to8hew"«m-     degree  of  dilatation— in  order  to  over- 

\ric  hypirtrophy"  of  left  v<  ntricle     COme  increased  resistance  to  the  passage 
in  Bright      1 1  ,  .  -  , ,    .  -o       -r 

or  expulsion  of  their  contents,     .b  amiliar 

examples  of  such  a  condition  may  be  seen  in  the  hypertrophy  of  the  muscle 
of  the  left  ventricle  in  cases  of  increased  peripheral  resistance  to  the  passage 
of  the  blood-stream,  e.g.  from  prolonged  spasm  of  the  minute  arterioles, 
from  arterio-sclerosis,  01  from  narrowing  of  the  aortic  orifice:  enlarge- 
ment of  the  righ.1  ventricle  in  certain  obstructive  lung-conditions  or  in 
mitral  disease  :  hypertrophy  of  the  muscular  walls  of  the  alimentary  canal 
above  an  obstructive  narrowing  in  any  part  of  its  course,  or  hypertrophy 
of  the  bladder  above  a  urethral  stricture.  As  a  general  rule,  the  better 
the  genera]  and  local  nutrition  and  the  more  gradual  the  production  of 
the  obstructive  lesion,  the  greater  the  degree  of  hypertrophy  possible, 
and  usually  also  the  less  marked  the  dilatation — and  vice  versa — although, 
in  some  instances,  there  may  be  a  very  extreme  degree  of  both  conditions 
present,  e.g.  in  the  left  ventricle  in  some  cases  of  aortic  disease,  more 
especially  in  slowly-produced  aortic  regurgitation. 

Physiological  examples  of  increase  in  the  size  of  organs  for  the  per- 
formance of  increased  function  may  be  seen  in  the  enlargement  of  the  uterus 
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and  mammary  glands  during  gestation,  etc.;  and  an  analogous  enlarge- 
ment of  these  organs  may  occur  under  certain  abnormal  circumstances, 
e.g.  in  some  cases  of  ovarian  and  uterine  disease. 

Hypotheses  as  to  the  Mechanism  of  Production  of  Hypertrophy. — The 
various  hypotheses  as  to  the  mechanism  by  means  of  which  hypertrophy  is 
produced  are  little  more  than  approximate  conjectures,  as  the  information 
which  we  possess  concerning 
the  intimate  nature  of  the 
process  is  as  yet  extremely 
imperfect.     In  any  one  given 
instance  it  is  probable  that 
several  factors   may   be    at 
work,  our  knowledge  of  some 
of  which  may  be  summarised 
as  follows  : — 

1.  By  nervous  stimula- 
tion.— The  question  of  the 
neurotrophic  influence  of  the 
nervous  system  upon  the 
tissues  has  already  been 
touched  upon  in  the  preced- 
ing chapter ;  and  it  has  been 
thought  by  some,  that  the 
enlargement  of  the  mam- 
mary glands  before  lactation 
and  in  certain  cases  of  uter- 
ine and  ovarian  disease — and 
also  the  enlargement  of  the 
uterus  which  occurs  during 
ectopic  or  extra-uterine  gest- 
ation—might be  explained 
by  the  influence  of  reflex 
nervous  action.  This  is  prob- 
ably, at  all  events  partly, 
true,  but  it  must  be  remem- 
bered that  tissue-enzymes 
and  internal  secretions  have 
an  important  bearing  upon 
these    questions.    Similarly, 

the  over-growth — or  "  hypertrophy,"  as  it  is  sometimes  rather  loosely 
called — which  occurs  in  the  tissues  involved  by  the  section,  say,  of 
the  cervical  sympathetic  in  animals,  is  largely  to  be  explained  by  vaso- 
motor paralysis,  and  the  consequent  increased  vascular  supply. 

2.  Inco-ordination  of  muscular  effort,  e.  g.  of  sphincters,  may  play  some 
part  in  the  production  of  hypertrophy  of  certain  organs  or  portions  of 
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Fig.  96. — Hypertrophy  and  Dilatation  of  Left 
Ventricle  in  Aortic  Disease.  Below  is  a  transverse 
section  (near  the  apex  of  the  ventricles)  of  a 
similar  specimen. 
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organs,  and  congenital  hypertrophic  pyloric  stenosis,  as  is  suggested  by 
some  writers,  may  possibly  originate  in  this  way. 

3.  The  effect  of  local  stimulation.— The  hypertrophy  of  the  skin  which 
results  from  friction  or  intermittent  pressure— a  condition  winch  is  well 
seen  in  the  formation  of  "  corns  "—may  be  regarded  as  a  true  functional 
increase  of  the  tissue,  ?*.  e.  an  increase  due,  not  only  to  the  friction  or  pres- 
sure, but  to  the  increased  functional  activity  of  the  skin  in  its  capacity 
as  a  protective  covering.  Also  in  the  case  of  the  connective  tissues  gener- 
ally, for  example  in  bones,  the  tissue  is  specially  adapted  to  the  particular 


J ;i...  97.     Qrtai   Hypertrophy  (combined   with   ])ilatation)  of  Bight    Ventricle  in  Mitral 
D OOS.     Mote  the  comparatively  small  .size  of  the  left  ventricle. 

functional  b1  rain  which  it  has  to  bear.  The  bones  shew  specially  developed 
thickenings  and  ridges  at  many  of  the  points  to  which  muscles  are 
bed.  These  are  more  marked  in  muscular  individuals;  and,  in  cases 
of  paralysis,  etc.,  where  the  muscles  cease  to  act,  these  muscular  ridges 
and  prominences  tend  to  diminish  in  size,  or  even  to  disappear.  Occasion- 
ally, where  certain  muscles  are  used  to  excess,  such  bony  thickenings  at 
their  attachments  may  become  very  large  in  size.  In  the  so-called 
M  Ridei'e  a  very  pronounced  osseous  thickening  occurs  at  the 

■lion  of  the  tendon  of  the  adductor  magnus.    This  over-growth  is,  in 
Borne  instances,  bo  much  in  excess  of  what  is  functionally  required,  that  it 
ddered,  by  some  authorities,  to  be  of  the  nature  of  a  hyper- 
plasia   rather  than  a  true   hypertrophic  over-growth.     Professor  Arthur 
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Keith  x  has,  however,  recently  pointed  out  that  cases  of  multiple  exostoses 
should  be  regarded  as  due  to  a  disorder  of  growth,  under  the  name — 
suggested  by  Morley  Roberts — diaphysial  aclasis,  to  which  reference  will  be 
made  later  in  the  chapter  on  Diseases  of  Bone  (p.  1046,  Special  Pathology). 

4.  Excess  or  abnormal  character  of  nutriment,  etc. — An  adequate 
supply  of  nutriment,  oxygen,  and  the  necessary  salts,  is  essential  to  the 
production  of  hypertrophy,  but  these  factors  cannot  of  themselves  bring 
about  the  condition.  Over-feeding  in  the  case  of  the  human  subject 
certainly  tends  to  produce  adiposity  or  over-growth  of  the  fatty  tissues 
of  the  body ;  but  this  is  rather  to  be  regarded  as  an  increased  passive 
storage  of  fat  by  cells  which  cannot  redistribute  or  use  it  up  with  sufficient 
rapidity.  At  the  same  time,  certain  very  interesting  and  important 
changes  may  be  brought  about  in  the  various  organs  of  the  body  by  the 
use  of  special  articles  of  diet,  as  has  been  demonstrated  by  the  suggestive 
work  of  Chalmers  Watson  on  the  influence  of  abnormal  elements  of  diet 
upon  the  organs  and  tissues  of  certain  animals.  For  example,  he  describes, 
in  rats  fed  exclusively  upon  a  meat-diet,  the  occurrence  of  increase  in 
size,  and  apparently  also  in  functional  activity,  of  the  thyroid  gland,  as 
evidenced  by  proliferation  and  the  more  active  character  of  the  glandular 
epithelium.  Some  of  the  changes  described  by  Watson  appear  to  be 
degenerative  in  their  character,  whilst  others  are  of  the  nature  of  functional 
and  structural  alterations  of  the  tissues,  and  seem  to  be  for  the  purpose 
of  meeting  the  changed  nutritional  conditions ;  and,  in  some  instances, 
may  even  be  regarded  as  true  functional  hypertrophies.  His  series  of 
experimental  observations  are  of  sufficient  importance  to  call  for  further 
investigation  of  the  subject. 

John  Hunter's  famous  experiment  of  the  transplantation  of  the  spur 
of  a  cock  to  its  comb  led  to  an  extraordinary  growth  of  the  transplanted 
structure,  a  circumstance  probably  accounted  for,  firstly,  by  the  changes  in 
its  nutrient  supply,  the  comb  being  a  highly  vascular  structure  :  and 
secondly,  by  the  fact  that  the  spur  in  its  new  position  was  not  worn  away 
by  friction,  as  it  would  have  been  in  its  normal  position  (c/.  the  curling, 
tusk-like  over-growth  of  rabbits'  incisor  teeth,  to  which  reference  has 
already  been  made  above). 

The  influence  of  certain  glandular  extracts  and  other  substances — for 
example,  thyroid  secretion — on  the  nutritive  capacity  of  the  tissues  and 
on  metabolism  generally,  may  also  have  an  important  bearing  upon  the 
subject  of  hypertrophy.  Similarly,  disease  of  certain  organs,  or  perversion 
of  their  secretions,  may  lead  to  changes  in  the  body-tissues  of  the  nature 
of  hyperplastic,  or  even — apparently,  at  all  events,  in  some  cases — of 
hypertrophic,  over-growth.  Some  diseases  of  the  pituitary  gland,  associated 
usually  with  abnormal  changes  in  other  glandular  organs,  may  lead,  in 
the  adult,  to  wide-spread  hyperplastic  changes  in  the  tissues,  especially 

1  Arthur  Keith,  "  Multiple  Exostoses,"  Report  of  Meeting  of  the  Medical  Society, 
British  Medical  Journal,  Dec.  27,  1919,  p.  847. 
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of  the  extremities,  i.  e.  the  condition  known  as  acromegaly.  When  this 
disease  occurs  in  a  child  or  in  an  .adolescent,  it  may  lead  to  the  condition 
known  as  gigantism;  and,  although  in  many  cases,  such  "giants" — in  spit*' 
of  th  ive  development  of  their  bones  especially — may  be  weak  and 

ailing,  yet,  in  a  few  instances,  their  muscular  development  may  also  corre- 
spond  to  their  increase  in  size,  and  we  must  then  regard  the  condition  as  one 
of  hypertrophy.  The  influence  of  the  internal  secretion  of  the  corpus 
luteum  upon  the  hypertrophy  of  the  uterine  mucous  membrane  during 
pregnancy,  is  now  well  recognised. 

5.  The  effects  of  chemical  stimulation,  and  the  action  of  certain  drugs, 
e.g.  phosphorus,  in  some  ways,  may  be  classed  along  with  the  changes 
produced  by  abnormal  food-constituents.     For  example,  small  repeated 

-  of  phosphorus  may  lead  to  thickening  of  the  bones,  especially  in 
young  subjects;   but  the  conclusions  of  observers  who  regard  this  result 

I  rue  hypertrophy  are  open  to  criticism.  For  example,  the  fact  that 
young  animals  were  used  in  such  experiments,  leads  to  the  suggestion 
that  the  phosphorus  administered  to  them  may  bring  about  these  results 
by  modifying  the  conditions  of  nutrition  and  development  of  the  bones; 
and.  moreover,  it  is  probable  that,  in  such  cases,  the  proper  removal  of 
bone  which  should  occur  in  normal  development  may  be  prevented  or 
interfered  with,  thus  leading  to  thickening  or  hyperplasia  rather  than  to 
true  hypertrophic  increase  of  the  bones. 

6.  **  Compensatory  Hypertrophy,"  i.e.  one  organ  or  tissue  taking  on 
the  work  of  another,  or  one  part  of  an  organ  taking  on  the  work  of  the 
whole,  is  of  comparatively  frequent  occurrence,  and  is  due  to  increased 
functional  demands  being  made  upon  the  surviving  organ  or  part  of  an 

m.  Thus,  if  a  large  part,  say,  of  the  liver  or  of  the  thyroid  gland,  be 
experimentally  removed  in  animals,  the  remaining  part  may  enlarge  and 
do  the  work  of  the  whole.  If  one  of  two  paired  organs  becomes  diseased 
or  injured,  or  is  removed,  the  other  may  possibly  enlarge  and  take  on  in- 

<•<!  function  ;  or  one  set  of  muscles  may  take  on  the  function  of  another 
weakened  or  paralysed  set.  e.g.  the  extraordinary  muscles  of  respiration 
may  come  into  play  when  the  action  of  the  intercostalsor  of  the  diaphragm 
is  Impaired  ;  or  t  he  muscles  of  one  limb  may  become  greatly  hypertrophied 
when  the  opposite  limb  is  amputated  or  thrown  out  of  action  by  accident 
or  disease.  I  M  t  he  former  group,  i.  e.  the  complementary  hypertrophy  of 
one  of  two  paired  organs,  the  kidney  is  usually  cited  as  an  example,  but 
authentii  of  one  kidney  enlarging  to  supply  the  place  and  function 

of  its  damaged  fellow  arc  not  so  common  as  is  generally  maintained, 
though,  of  course,  the  condition  may  occur,  especially  in  young  growing 
Bubjects,     On  the   oth.u-hand.it    is   also  true    that,  in   many  cases,  the 

ailed  "  compensatory  "  hypertrophy  does  not  occur,  even  when  no 
pathological  change  can  be  detected  in  the  surviving  kidney.  Further, 
in  cases  where  the  unilateral  enlargement  of  one  kidney  is  found,  the 
condition  of  the  organ  may  be.  and  often  is,  pathological  and  not  hyper- 
trophic in  natui 
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The  power  of  compensatory  hypertrophy,  however,  which  is  believed 
by  many  observers  to  exist  between  the  thyroid  and  pituitary,  thymus 
and  thyroid,  spleen  and  lymphatic  glands,  etc.,  has  much  evidence  to 
support  it,  but  is  a  subject  still  requiring  further  elucidation  and  research. 
The  functions  of  these  organs  are  certainly  closely  correlated ;  and  their 
respective  secretions  probably  possess  nutritive  and  other  influences  by 
means  of  which  they  act  upon  each  other,  and  the  absence  of  which  may 
bring  about  certain  pathological,  or  in  some  instances  possibly  true  hyper- 
trophic, changes  in  their  structure  and  function.  Frequently,  however, 
several  of  these  glandular  organs  may  be  simultaneously  implicated  by 
disease;  for  example,  the  thymus  and  thyroid  in  exophthalmic  goitre, 
the  pituitary,  thyroid,  and  other  glands  in  acromegaly,  and  so  on ;  and 
these  changes,  being  frequently  of  the  nature  of  pathological  enlargements, 
are  liable  to  be  mistaken  for  compensatory  hypertrophy.  In  the  case  of 
the  thyroid  and  parathyroid  glands,  however,  the  latter  may,  after 
thyroidectomy,  become,  according  to  some  observers,  to  all  appearance 
morphologically  identical  in  structure  with  the  normal  thyroid  gland. 

7.  "  Complementary  Hypertrophy  "  is  a  better  term  for  certain  con- 
ditions which  are  sometimes  described  as  instances  of  "  compensatory 
hypertrophy  " ;  for  example,  when  one  lung  or  part  of  a  lung  becomes 
expanded  to  fill  up  the  increased  space  produced  by  the  collapse  or 
destruction  of  the  other,  or  of  another  part  of  the  same,  lung.  This  is 
not  wholly  a  true  hypertrophy  for  increased  function — the  expanded 
lung  being  often  extensively  emphysematous — but  is  largely  a  physical 
expansion  complementary  to  the  collapse  of  another  part  of  the  contents 
of  the  thoracic  cavity. 

Results  of  Hypertrophy. — Hypertrophic  changes  in  an  organ  may  enable 
it  to  carry  out  its  functions  in  such  a  way  that  the  effects  of  the  disease 
are  "  compensated  for  "  or  neutralised.  For  example,  hypertrophy  of  the 
cardiac  muscle  in  valvular  and  pulmonary  lesions,  or  in  arterial  disease, 
may  enable  the  heart  successfully  to  carry  on  the  circulation  in  spite  of 
the  increased  difficulties  in  the  way  of  its  doing  so.  In  such  cases  of 
hypertrophy  of  the  cardiac,  or,  in  fact,  of  any  other  muscular  structure, 
where  there  is  excessive  strain  put  upon  the  hypertrophied  tissue,  the 
increased  nutrition  necessary  for  the  continuance  of  such  increased 
functional  activity  may  fail  to  be  maintained,  leading,  in  the  case  of  the 
heart,  to  dilatation  and  "  failure  of  compensation,"  to  degenerative  changes 
in  the  muscle,  or  even  to  the  cessation  of  its  function,  and  consequently 
to  death.  Again,  in  respiratory  obstruction,  the  excessive  strain  put  upon 
the  hypertrophied  sterno-mastoids,  scaleni,  etc.,  may  ultimately  lead  to 
their  atrophy.  The  over-use  of  special  sets  of  muscles  in  certain  occupa- 
tions and  sports,  e.  g.  in  writers,  blacksmiths,  cyclists,  etc.,  may  lead  to  a 
similar  atrophy  following  upon  hypertrophy,  but  it  is  probable  that  fatigue 
and  degeneration  of  the  associated  nerve-cells  and  nerve-fibres  play  some 
part  in  these  conditions,  as  well  as  the  over-use  of  the  muscles  themselves. 
The  microscopical  changes  occurring  in  the  various  individual  tissues 
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in  hypertrophy  require  only  very  brief  reference.  It  is  sufficient  to  say 
that .  in  true  hypertrophy,  there  should  be  little  or  no  deviation  from  the 
normal.  The  special  structural  elements  of  the  tissue  may  become  in- 
creased in  size.  e.  g.  in  the  case  of  the  muscular  fibres  of  the  hypertrophied 
uterus.  Or,  again,  there  may  be  a  disproportionate  increase  in  one  special 
histological  element  of  a  compound  tissue.  In  actual  practice,  the  micro- 
scopical examination  of  the  tissues  of  hypertrophied  organs  may  often 
il  the  presence  of  various  concomitant  degenerative  changes.  These, 
however,  may  be  due  to  other  antecedent,  to  accompanying,  or  to  sub- 
sequent or  supervening,  morbid  processes,  and  are  not  to  be  regarded  as 
characteristic  of  hypertrophy. 


CHAPTER    IX 

NEOPLASMS,   TUMOURS,   OR  NEW   GROWTHS 

GENERAL  CONSIDERATIONS 

In  the  whole  realm  of  pathology,  and  in  spite  of  the  vast  amount  of 
recent  "  cancer-research,"  there  is  practically  no  subject  presenting  for 
solution  more  obscure  and  difficult  problems  than  the  question  of  the 
ultimate  nature  and  aetiology  of  new  growths ;  and,  until  we  obtain  more 
accurate  information  as  to  the  causation  of  tumours,  any  attempt  at  a 
general  definition  of  their  nature  can  be  regarded  as  only  temporary  and 
provisional.  With  this  reservation,  therefore,  a  neoplasm  or  tumour  may 
be  defined  as  a  new  growth  arising  from  pre-existing  tissue,  independent  of 
the  needs  of  the  organism,  and  subserving  no  useful  purpose,  but,  on  the 
contrary,  often  acting  deleteriously.  It  is  autonomous,  i.  e.  it  follows 
its  own  laws  of  growth,  and  is  not  regulated  by  those  governing  the  tissues 
of  the  body  in  which  it  is  growing.  As  distinguished  from  hypertrophy,  it 
is  usually  devoid  of  function,  but  may  occasionally  possess  very  imperfect, 
and  usually  aberrant,  and  even  dangerous  and  excessive,  functional 
activities,  though,  in  exceptional  instances,  the  secretion  of  thyroid, 
suprarenal  and  other  glandular  tumours,  either  primary  or  secondary, 
may  serve  to  replace  the  normal  secretions  when  these  organs  themselves 
are  excised  or  destroyed.  There  is  practically  always  deviation  from  the 
normal  structure  of  the  original  tissue,  and  nerve-control  seems  to  be  absent. 
Further,  the  life-history — if  one  may  be  permitted  to  use  the  term  when 
speaking  of  a  neoplasm — appears  to  have  no  typical  termination,  the 
tumour-cells  being  endowed  with  the  power  of  apparently  continuous  and 
unlimited  proliferation.  In  some  respects,  the  vitality  of  tumour-cells 
is  greater  than  that  of  normal  tissues,  the  former  being  able  to  grow  and 
flourish  at  the  expense  of  the  latter,  which  they  may  destroy  and  replace. 
In  a  patient  whose  body-tissues  are  wasting,  a  tumour  may  be  able  to 
obtain  the  necessary  nourishment  and  grow  rapidly. 

A  tumour  is  not  formed  for  purposes  of  repair  (although,  in  some  cases, 
it  may  supervene  in,  or  be  implanted  upon,  tissues  undergoing,  or  which 
have  undergone,  reparative  processes) ;  nor  is  it  the  direct  result  of  con- 
tinued irritation  or  stimulation  by  any  known  bacterial  or  other  organism. 
It  is  sometimes  an  extremely  difficult  task  to  differentiate  true  tumour- 
growths  from  certain  of  the  lesions  produced  by  bacterial  and  other 
parasitic  diseases:  from  the  osteophytic over-growths  of  bone  in  connection 
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with  the  attachments  of  muscles  :  from  cheloid  of  the  skin  following  upon 
burns,  etc.:  as.  well  as  from  the  appearances  sometimes  found  as  the 
result  of  excessive  over-growth  or  hyperplasia  in  repair. 

All  tumours  arise  by  the  proliferation  of  pre-existing  tissues — possiblw 
in  some  cases,  from  a  single  cell.  These  pre-existing  tissues  may  be  fully 
developed,  they  iiiav  be  actively  growing,  or  may  be  still  foetal  or  even 
embryonic  (e.g.  in  the  case  of  included  "  germ-cells,"  foetus  infcetu,  true 
dermoids,  etc.);  and  they  do  not,  under  ordinary  circumstances,  seem 
to  be  the  product  of  something  introduced  or  transferred  from  without, 
although,  in  certain  exceptional  instances,  the  transplantation  of  what 
appear  to  be  true  tumours  has  been  successfully  carried  out  between  animals 
he  same  species — for  example,  in  certain  epithelioma-like  tumours 
in  the  mouse,  and  also  in  the  case  of  an  adeno-carcinoma  in  the  same 
animal.  Further  reference  to  these  experiments  will  be  made  later,  and 
it  is  sufficient  at  this  point  to  mention  that  the  cells  of  the  experimental 
new  growths  obtained  by  such  implantation  are  in  all  probability  the 
"  lineal  descendants "  of  the  tumour-cells  originally  introduced.  In 
the  case  of  the  so-called  "  infective  sarcoma  "  occurring  in  the  dog,  and 
easily  transplantable  from  one  animal  to  another  of  that  species,  there 
appear  to  be  reasonable  grounds  for  the  opinion,  held  by  many  authorities, 
t  hat  this  condition  is  to  be  regarded  as  one  of  the  infective  granulomatous 
diseases. 

MORPHOLOGY  AND  HISTOLOGICAL  CHARACTERS  OF  TUMOURS. 
— As  alreadv  pointed  out.  all  tumours  arise  from  the  proliferation  of 
pre-existing  tissues,  but  may  shew  great  diversity  from  the  original  type 
of  tissue  from  which  they  grow  or  into  which  they  should  develop;  for 
example,  they  may  tend  to  become  more  cellular,  and  in  some  cases  more, 
and  in  others  less,  vascular,  than  the  original  tissue  ;  or,  again,  in  tumours 
growing  from  an  acinar  gland,  the  tumour-cells  may  become  arranged 
land-like  spaces,  as  in  adenomas  and  adeno-carcinomas,  or  in  solid 
ma-  irrhus  and  encephaloid  cancers. 

Other  diversities  from  the  original  tissue-type  may  be  found:  for 
example,  over-growth  of  one  special  tissue-element,  as  is  seen  in  the 
proliferation  of  the  fibrous  tissue  in  fibromas,  fibro-adenomas,  scirrhus 
cancers,  etc.  :  or  t  ransitions  from  one  type  of  tissue  to  another  within  an 
allied  group  (metaplasias),  as  is  common  among  the  various  forms  of 
connective  tissue  for  instance,  between  fibrous  tissue,  cartilage,  bone, 
myxomatous  tissue,  etc.  In  a  similar  manner,  one  type  of  epithelium 
may  be  changed  into  another — a  flattened  epithelium  may  become 
cubical  or  columnar,  or  vice  versa;  a  layer  of  epithelium  which  is  normally 
single  may  become  two.  three,  or  more  layers  deep,  and  so  on.  Again, 
the  blood-vessel.,  mav  be  imperfect  in  their  structure,  and  may,  by  their 
rupture,  lead  to  ha-moiiii 

In  the  tumour  itself,  or  in  secondary  growths  from  it,  certain  of  the 
peculiarities  and  characteristics  of  the  original  tissue  tend  to  reproduce 
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themselves — usually,  however,  with  easily  recognisable  variations, 
especially  in  their  gross  arrangement.  Thus,  the  prickle-cells  of  the 
stratum  Malpighii  which  proliferate  in  epitheliomata  growing  from  the 
skin,  etc.,  are  also  found  in  the  secondary  growths  in  lymphatic  glands, 
liver,  etc.  Saccular  spaces,  closely  resembling  those  of  the  normal  thyroid, 
may  be  found  in  secondary  growths  following  malignant  disease  of  that 
gland ;  and  similarly,  adenomatous  spaces  lined  by  columnar  epithelium 
are  common  in  metastatic  growths,  e.  g.  in  the  liver,  or  in  the  bones 
or  elsewhere,  when  these  follow  malignant  adenomata  of  the  stomach  or 
intestine.  Imperfect  attempts  at  milk-secretion  and  the  reproduction 
of  the  structure  of  the  mammary  gland  may  be  observed  in  tumours 
secondary  to  cancer  of  the  breast.  The  typical  columnar  cells  so  charac- 
teristic of  compound  cystic  ovarian  adenomata  are  found  in  the  secondary 
growths  which  frequently  arise  from  the  malignant  forms  of  these  tumours ; 
and  innumerable  other  individual  instances  of  the  same  general  law  might 
be  cited. 

GROWTH  AND  METHOD  OF  SPREAD  OF  TUMOURS.— All  tumours 
are  primarily  local,  and  tend  to  increase  in  size,  the  rapidity  varying 
indefinitely  in  different  cases.  Except  in  such  instances  as  where  the 
tumour  tends  to  reproduce  some  of  the  peculiarities  in  shape  characteristic 
of  the  tissue  from  which  it  grows  {e.g.  in  papillomata),  the  commonest 
method  of  growth  is  by  comparatively  uniform  enlargement  in  every 
direction,  as  is  well  seen  in  the  development  of  the  more  or  less  rounded 
nodules  which  form  in  the  substance  of  a  solid  organ  such  as  the  liver. 
Or,  if  not  growing  among  more  or  less  homogeneous  surroundings,  they 
may  grow  in  the  direction  of  least  resistance,  for  example  along  certain 
planes  in  the  organ  or  tissue ;  and  they  may  thus,  especially  in  the  case 
of  malignant  tumours,  become  extremely  irregular  in  shape,  particularly 
if  growing  on  a  free  surface.  Such  irregularity  in  shape  may  be  further 
increased  by  the  coalescence  of  neighbouring  foci  of  new  growth — for 
example,  in  the  case  of  malignant  metastases  in  any  of  the  organs  or 
tissues.  Although  the  line  of  least  resistance  is  to  a  large  extent  followed, 
the  more  resistant  tissues,  e.g.  the  bones,  may  undergo  absorption  from 
pressure,  or  may  become  eroded  or  extensively  infiltrated  by  malignant 
growth.  The  general  form  of  tumours  is  also  largely  influenced  by  the 
occurrence  in  them  of  certain  secondary  changes.  The  central  parts  of 
nodules  may  become  necrotic,  and  may  then  undergo  partial  absorption, 
a  condition  which  leads  to  the  so-called  umbilication  or  dimpling  of  the 
centres  of  tumour-nodules,  as  is  very  commonly  seen  in  growths,  say, 
on  the  surface  of  the  liver.  Inflammatory  changes,  more  especially  the 
process  of  ulceration,  may  also  produce  great  alterations  in  the  shape 
and  size  of  tumours  in  certain  situations.  Thus,  in  some  surface  epi- 
theliomata, necrosis  and  ulceration  may  proceed  so  rapidly  that  the  term 
"  malignant  ulcer  "  has  been  somewhat  appropriately  applied  to  such 
tumours,  the  base  of  the  ulcer  being  formed  by  necrotic  tumour-tissue, 
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immediately  beneath  which  is  the  spreading  and  infiltrating  margin  of 
the  new  growth — the  part  which  would  have  formed  the  body  of  the 
tumour  having  completely  disappeared. 

The  rapidity  of  growth  of  different  tumours  varies  very  much,  not 
only  with  the  nature  of  the  tumour,  but  with  its  site,  and  also  with  other, 
a-  yet  imperfectly  understood,  general  factors,  such  as  the  special  resisting 
power  of  the  patient,  etc.  Many  of  the  simple  tumours  are  extremely 
slow-growing,  but  even  these  may  at  any  period,  in  whole  or  in  part, 
suddenly  take  on  more  active  growth,  and  perhaps  become  definitely 
malignant.  Thus,  some  old-standing  warts,  pigmented  moles,  ather- 
omatous cysts  about  the  face  or  elsewhere,  compound  ovarian  cystomas, 
true  dermoid  cysts,  and  probably  many  other  originally  simple  tumours, 
may  become  malignant,  invading  the  surrounding  tissues  locally,  and 
perhaps  also  giving  rise  to  secondary  growths.  The  reason  for  their 
doing  so  is  very  obscure,  and  may  partly  depend  upon  altered  nutritional 
conditions,  for  example  increased  vascular  supply,  or  possibly  upon 
general  or  reflex  nervous  influences.  Uterine  fibroids  frequently  grow 
more  rapidly  at  the  menstrual  periods,  and  less  rapidly,  or  may  even  appear 
to  recede,  during  the  intervals,  and  also  especially  at  the  menopause. 
In  certain  instances,  mammary  cancers  have  been  said  to  diminish  in  size 
or  even  to  disappear  after  oophorectomy — whether  from  nervous  reflex 
causes,  or  from  general  nutritional  changes  due  to  the  removal  of  the 
internal  secretion  of  certain  enzymes  by  these  glands,  it  is  difficult 
to  say.  Again,  such  increased  rapidity  of  growth,  and  perhaps  also  the 
occurrence  of  metastases  in  other  organs  and  tissues,  may  be  brought 
about  by  factors  which  lower  the  resisting  power  of  the  patient's  tissues. 

These  changes  in  the  activity  of  tumour-growth  may  be  associated 
with  metaplastic  changes,  e.  g.  an  apparently  simple  fibroma  may  "  recur  " 
after  incomplete  surgical  removal,  and  may  become  progressively  more 
cellular,  and  perhaps  also  more  myxomatous,  and  less  and  less  fibrous, 
alter  each  surgical  interference — such  a  tumour  being  sometimes  known 
ae  a  "recurrent  fibroid"  or  fibro-sarcoma,  the  so-called  "recurrence" 
being  more  accurately  regarded  as  a  re-growing  of  the  tumour  from 
fragments  of  the  original  neoplasm  not  completely  removed  by  the 
operation. 

Another  phenomenon  in  connection  with  tumour-growth  which  has 
given  rise  to  much  speculation  is  the  apparently  spontaneous  retro- 
gression or,  in  some  instances,  even  complete  disappearance  of 
tumours  clinically  and  histologically  conforming  with  our  present 
ideas  of  malignant  neoplasms.  Some  of  these  cases  are  seemingly 
well  authenticated;  but,  as  yet,  no  satisfactory  explanation  of  the 
process  has  been  put  forward,  though  the  possibility  of  the  occurrence 
ni  l}l!s  l  must  be  carefully  borne  in  mind  in  relation  to  all 

9  of  so-oalled  "cancer-cures."  A  somewhat  similar  phenomenon 
is  the    'abortion      and  disappearance  of  secondary  nodules  of  some 
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malignant  tumours,  when  such  metastases  occur  in  certain  tissues,  for 
example  the  skin. 

DEGENERATIVE  CHANGES  IN  TUMOURS  are  extremely  common. 
Nutrition  is  often  locally  deficient,  leading  to  fatty  or  mucoid  degener- 
ations, gly oogenous  infiltration,  necrotic  changes,  calcification,  etc. 
Haemorrhages  into  or  from  tumours  are  of  frequent  occurrence  in  many 
varieties  of  new  growth,  and  may  be  due  to  rupture  or  injury,  especially 
in  the  case  of  the  often  very  imperfectly-formed  vessels  of  sarcomas 
and  gliomas  :  to  infiltration  and  ulceration  of  the  tumour-cells  into  pre- 
existing vessels  :  or  to  necrosis  and  ulceration,  or  secondary  inflammatory 
processes  from  bacterial  infection. 

SPREAD  OF  TUMOURS. — Simple  tumours  merely  grow  in  size,  and 
push  aside  the  surrounding  tissues.     Malignant  tumours  may  spread  : — 

(1)  Locally  by  infiltration. — The  tumour-cells  may  pass  in  among  the 
elements  of  the  surrounding  tissues,  especially  by  way  of  the  lymphatics, 
e.g.  in  the  case  of  cancers.  As  they  do  so,  they  cause  destructive 
changes  by  pressure,  or  perhaps  more  probably  by  means  of  toxic 
substances  or  ferments,  produced  by  the  tumour-cells,  which  destroy  the 
tissues  and  bring  about  their  absorption.  Tumour-cells  may  shew  active 
phagocytic  activities  against  the  cells  of  their  host,  for  example  they  may 
englobe  and  digest  red  blood-corpuscles,  leucocytes  and  other  cells. 

(2)  By  metastatic  or  secondary  spread  to  distant  parts. — Metastases  are 
due  to  the  direct  dissemination  of  the  cells  of  the  original  or  primary 
tumour;  i.e.  secondary  growths  are  the  direct  offsprings  of  the  primary 
tumour.  There  is,  as  already  pointed  out,  almost  always,  in  those 
metastases,  persistence  of  some  of  the  characteristics  of  the  original 
tumour,  either  in  the  type  of  cell  or  in  general  structure.  There  may, 
however,  be  considerable  deviation  from  the  cell-type  found  in  the 
primary  growth ;  e.  g.  the  cells  may  be  larger  in  size  and  shew  alterations 
m  structure.  They  may  also  grow  much  more  rapidly.  The  metastatic 
growths  may,  in  some  instances,  be  more  vascular.  In  others,  they 
may  be  less  pigmented  than  the  primary  tumour,  e.  g.  in  some  secondary 
growths  in  melanotic  cases,  pigment  may  be  almost  absent,  and  so  on. 

Mechanism  of  Secondary  Spread. — The  secondary  spread  of  tumours 
is  essentially  a  physical  phenomenon;  e.  g.  a  fragment  of  tumour,  or  even 
single  tumour-cells,  may  become  detached  and  sink  down  in  the  peritoneal 
or  pleural  cavity  from  the  action  of  gravity  or  from  the  movements  of 
the  organs ;  or,  in  some  cases,  the  spread  may  occur  by  contact  (as  has 
been  specially  urged  by  Butlin  1)i  e.g.  of  opposite  sides  of  a  serous 
cavity,  of  the  lips,  labia,  etc. ;  or  by  carriage  along  lymphatic  trunks,  as 
in  some  sarcomas  (especially  in  melanotic  varieties),  and  in  the  majority 
of  cancers,  e.  g.  in  epithelioma  of  the  tongue  spreading  to  the  glands  of 
the  neck,  etc.     In  some  cases,  it  is  not  the  nearest,  but  more  distant, 

1  Butlin,  "  On  the  Contagion  of  Cancer  in  Human  Beings  :  Auto-inoculation," 
British  Medical  Journal,  Loudon,  Aug.  3,  1907,  p.  255. 
17 
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groups  of  lymphatic  glands  that  are  infected,  e.g.  the  cervical  glands  in 
some  cases  of  cancer  of  the  stomach.  The  walls  of  lymphatic  trunks 
may  themselves  become  extensively  infiltrated.  In  other  instances,  the 
tumour  may  be  disseminated  by  the  blood-vessels — for  example,  by  the 
veins,  especially  in  the  case  of  tumours,  the  vessels  of  which  are  very 
imperfect,  e.g.  sarcomata;  but  this  method  of  spread  is  also  common 
in  cancers,  from  the  invasion  of  the  vessel-walls,  fragments  of  the  tumours 
being  carried  away  and  giving  rise  to  secondary  growths  in  distant  parts, 
especially  in  the  liver  or  lungs.  Spread  by  means  of  the  arteries,  i.  e.  an 
embolic  spread,  is  not  by  any  means  uncommon,  and  probably  explains 
the  wide-spread  multiple  new  growths  sometimes  found  in  the  bones 
and  in  other  tissues.  Myxo-chondromata  may  spread  by  direct  growth 
along  the  interior  of  blood-vessels,  especially  of  the  veins,  which  may  thus 
become  filled  by  the  tumour. 

Multiple  tumours  need  not  necessarily,  in  every  instance,  be  secondary 

ome  other  primary  growth.  In  some  cases,  all  the  tumours  present 
appear  to  be  primary  or  of  similar  age,  e.g.  multiple  simple  tumours, 

h  as  li  pon lata,  fibromata  of  the  skin,  dura-mater,  etc. 

Law  of  "  Homologous  Growths." — In  tumours  of  very  great  malig- 
nanev  for  instance  in  melanotic  sarcoma — secondary  growths  may 
occur  in  any,  and  sometimes  even  in  every,  tissue  of  the  body.  In  many 
.  however,  where  the  malignancy  is  not  so  extreme,  such  secondary 
growths  may  tend  to  occur  especially  in  tissues  similar  or  allied  to  that 
in  which  the  primary  growth  was  found.  For  example,  secondary  growths 
following  upon  a  primary  tumour  of  bone  are  most  frequently  also  found 
in  hone — whilst  the  little  nodules  which  may  sometimes  develop  in  the 
skin  in  such  cases,  tend  to  disappear  spontaneously,  probably  owing 
to  their  not  obtaining  suitable  nutriment  in  their  new  environment, 
and  also  owing  to  the  absence  of  other  factors  necessary  to  their 
growth  and  development.  In  a  like  way,  some  lymphatic  tumours 
tend  to  produce  metastases  in  other  parts  of  the  lymphatic  glandular 

■■■in.  New  growth  in  one  kidney  may  lead  to  a  like  new 
growth  in  the  other  kidney;  and,  similarly,  both  suprarenals,  or  both 
ovaries,  may  become  affected,  when  one  of  these  organs  has  been 
the  Beat  of  a  primary  malignant  neoplasm — probably  because  the 
tumour-cells  have  acquired  a  special  proclivity  and  capacity  for  growing 
in  a  certain  soil  where  the  nutriment  is  specially  suitable  for  their  growth; 
and  partly,  perhaps,  because  these  allied  organs  or  groups  of  tissues  may 
have,  for  Borne  unknown  reason,  lost  their  power  of  resisting  the  attack. 
It  is  a  very  interesting  point  to  note  that  certain  organs,  which  are  com- 
paratively rarely  the  site  of  primary  tumours,  are,  probably  on  account 
of  their  relations  to  the  blood-  and  lymph -circulations,  extremely  liable 
to  i  he  occurrence  of  metastases.  Thus,  the  liver  is  exceptionally  liable  to 
become  infected  from  primary  carcinomas  or  sarcomas  occurring  in  the 
other  parts  of  the  abdominal  cavitv  which  drain  their  blood  into  the 
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portal  vein,  or  the  lymphatics  of  which  are  closely  connected  with  those 
passing  out  at  the  hilus  of  the  organ.  Similarly,  the  lungs,  from  their 
intimate  association  with  the  circulation,  act,  as  it  were,  as  niters  for  the 
veDOus  blood  coming  from  all  parts  of  the  body,  through  the  right  side 
of  the  heart ;  and  hence  these  organs  are  specially  prone  to  infection  by 
sarcoma-cells  which  may  have  found  their  way  into  the  blood-stream. 
In  the  same  manner,  the  lymphatic  glands  are  specially  liable  to  be  invaded 
by  cancer-cells,  which  most  frequently  become  disseminated  by  way  of 
the  lymphatic  channels.  Some  organs,  on  the  other  hand,  are  remark- 
ably immune  from  tumour-growths,  both  primary  and  secondary;  for 
example,  the  heart  and  spleen,  although  these  organs  are  both  very 
freely  supplied  with  blood.  The  nature  of  this  relative  immunity  is  by 
no  means  clear,  though,  in  the  case  of  the  spleen,  it  is  possibly  due  to  the 
extremely  active  phagocytic  activities  of  its  endothelial  cells,  and  perhaps 
also  to  the  presence  of  special  cytolytic  enzymes. 

COMPONENT  STRUCTURAL  ELEMENTS  OF  A  TUMOUR.— In  the 
examination  of  the  histological  structure  of  any  given  tumour,  our  atten- 
tion must  be  directed  more  especially  to  the  characters  of  the  cells,  the 
intercellular  material,  blood-vessels  and  lymphatics.  The  tumour-cells 
are  the  most  important,  and  in  fact  are  the  essential,  elements;  and, 
in  the  consideration  of  the  other  component  parts,  it  is  sometimes  a 
matter  of  much  difficulty  to  determine  how  far  they  are  to  be  regarded 
as  concomitant  rather  than  as  essential  elements. 

Cells. — Very  great  variations  are  necessarily  found  in  the  nature  and 
appearances  of  the  cells  of  different  tumours.  As  already  noted,  they, 
in  many  cases,  tend  to  reproduce  the  characters — imperfectly  and  aber- 
rantly it  may  be — of  the  cells  of  the  original  tissue.  Thus,  prickle-cells 
may  be  found  in  growths  from  a  squamous  epithelium :  glandular  cells 
in  those  from  glands :  cells  of  connective-tissue  type  in  those  from  the 
connective  tissues,  and  so  on.  The  term  metaplasia  has  already  been 
denned  as  the  transformation  of  one  tissue  into  another  member  of  the 
same  group,  and  examples  of  this  type  of  change  are  of  very  frequent 
occurrence  in  tumours.  Another  characteristic  frequently  exhibited  by 
the  cells  of  new  growths,  more  especially  in  the  malignant  varieties,  is 
the  tendency  to  "  revert,"  or  to  become  transformed  into  cells  of  a  more 
primitive  type  development  ally ;  and,  as  a  general  rule,  the  more  malig- 
nant the  tumour,  the  more  "  primitive  "  or  undifferentiated  do  the  cells 
become.  To  take  a  concrete  example,  the  simple  tumour  arising  from 
fibrous  connective  tissue  is  a  fibroma.  In  the  so-called  "  hard  "  fibroma, 
a  very  slow-growing  tumour,  the  cells  are  indistinguishable  from  those 
of  any  fully-formed  fibrous  tissue,  the  fibrils  are  dense  and  thick, 
and  the  blood-vessels  have  fully -formed  walls.  In  the  "  soft  "  fibroma — 
still  a  "  simple  "  tumour,  but  one  the  growth  of  which  is  not  quite  so  slow 
as  is  that  of  the  hard  variety — the  spindle-shaped  cells  may  be  somewhat 
broader  or  "plumper":  their  nuclei  more  oval  than  rod-shaped:    the 
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protoplasm  more  abundant:  and  the  interstitial  fibrous  tissue  rather  more 
scanty,  the  vessels  still  possessing  well-formed  walls.  Again,  in  certain 
fibro -cellular  tumours  of  very  slight  malignancy — the  so-called  "  recurrent 
fibroids,''  or  fibro-sarcomata  —these  more  primitive  characteristics  may 
be  rather  more  marked,  and  the  blood-vessels  thin-walled  and  poorly 
supported.  Then,  passing  back  through  the  series  of  sarcomas,  as  the 
type  of  cell  becomes  more  primitive,  i.  e.  as  we  pass  from  the  large  spindle- 
am  I  large  round-celled  varieties,  to  the  mixed,  and  to  the  small  spindle- 
and  small  round-celled  tumours,  the  intercellular  substance  and  blood- 
Is  at  the  same  time  become  progressively  more  and  more  imperfect, 
and  the  relative  malignancy  of  the  tumour  increases.  This  malignancy 
reaches  its  greatest  degree  in  the  case  of  the  extremely  undifferentiated 
or  primitive  lympho-sarcoma,  in  which  the  cells  are  small  and  rounded, 
the  intercellular  substance  extremely  scanty,  and  the  vessels  represented 
by  channels  passing  between  the  tumour-cells,  in  some  cases  apparently 
even  without  an  endothelial  lining.  In  other  words,  just  as  the  individual 
human  embryo  may  be  regarded  as  recapitulating  the  developmental 
history  of  the  race,  and  just  as  we  may  now  and  again  find  a  "  throw- 
hack"  or  reversion  of  the  foetus  to  a  more  primitive  ancestor,  so,  in 
tracing  back  the  character  of  the  connective-tissue  cells  through  this 
complete  series  of  connective-tissue  tumours,  we  find,  as  we  pass  from  the 
simpler  to  the  more  malignant  members  of  the  series,  a  reversion,  as  it 
were,  to  an  earlier  type  of  connective-tissue  cell.  It  is  to  this  tendency 
that  the  name  anaplasia  has  been  applied  [see  also  p.  274). 

Tumour-cells  may  shew,  not  only  great  deviation  from  the  cell-type 
of  t  he  original  tissue  from  which  the  tumour  is  growing,  but  they  may  also, 
in  the  same  tumour,  shew  great  diversity  individually  among  themselves. 
Thus,  there  may  be  great  variations  in  the  shape  and  size  of  the  cells,  and 
in  the  characters  and  method  of  division  of  their  nuclei.  Multipolar 
and  other  irregular  and  unequal  forms  of  mitosis  are  of  frequent  occur- 
rence. There  is  still  very  considerable  doubt  as  to  the  question  of  the 
occurrence  of  heterotype  mitosis  in  malignant  tumours,  which  has  been 
affirmed  by  Farmer,  Moore  and  Walker,  and  others,  but  which  is  strongly 
denied  by  some  observers.  For  example,  Bashford  and  Murray,  who 
3trong  supporters  of  the  occurrence  of  heterotype  mitosis  in 
tumours,  have  reconsidered  their  previous  views,  and  now  deny  its 
probability.  Further  investigation  is  required  before  it  can  be  definitely 
Btated  whether  heterotype  mitosis  does  or  does  not  occur.  The  con- 
jugation of  the  nuclei  of  cancer-cells  has  been  described  by  some  authors, 
but  there  ap]  be  little  or  no  evidence  to  support  their  statements. 

Tumour-cells  may  shew,  not  only  very  rapid  and  aberrant  vegetative 
activities,  bu1  they  may  al>o  exhibit  rapid  and  excessive  degenerative 
changes,  moi  tally  in  their  nuclei  (karyolysis,  karvorrhexis,  etc.), 

and  also  in  their  protoplasm, e.g. fatty,  colloid,  and  mucoid  degeneration, 
glycogenoua  infiltration,  necrosis,  calcification,  etc.  (q.v.). 

The  intercellular  material  varies  greatly  in  its  amount  and  nature  in 


NEOPLASMS,  TUMOURS,  OR  NEW  GROWTHS  261 

different  tumours.  Thus,  in  new  growths  of  connective-tissue  type,  it 
may  vary  from  the  clear,  homogeneous,  jelly-like  matrix  seen  in  some 
myxomata,  or  the  very  scanty  and  imperfect  fibrillation  of  the  more 
malignant  types  of  sarcoma,  up  to  the  fully-formed  dense  fibrous  tissue 
of  the  hard  fibroma.  In  these  tumours,  the  cells  are  separated  from  one 
another  by  the  intercellular  material;  whilst  in  the  carcinomata  and 
other  varieties  of  epithelial  tumour,  and  also  in  some  types  of  endo- 
thelioma, the  neighbouring  cells  of  each  cell-group  usually  remain  in 
contact  with  one  another,  the  whole  group  being  surrounded  by  a  stroma 
derived  from  the  pre-existing  connective  tissue  of  the  part.  Certain 
tumours  give  rise  to  very  great  irritation  and  proliferation  of  this  pre- 
existing connective  tissue — for  example,  the  "  scirrhus  "  varieties  of 
cancer,  which  indeed  owe  their  name  to  the  hard  and  dense  character 
of  the  tissue  thus  produced. 

In  the  case  of  the  simple  tumours,  there  is  usually,  around  the  tumour, 
a  condensation  of  the  proliferated  connective  tissue  of  the  organ  or  tissue 
in  which  the  tumour  is  growing.  As  such  a  simple  growth  increases  in 
size,  it  pushes  aside  the  surrounding  tissues.  It  usually  possesses  a 
distinctly  demarcated  margin,  outside  which  the  proliferated  fibrous 
tissue  above  referred  to  may  form  a  definite  capsule,  as  it  were,  enclosing 
and  separating  the  tumour  from  the  surrounding  tissues.  Though  the 
presence  of  such  a  capsule  is  very  characteristic  of  the  simple  tumours,  it 
is  not  invariably  found  around  them ;  and,  conversely,  although  malignant- 
growths  usually  possess  margins  which  are  very  indefinite,  owing  to  the 
infiltration  of  the  surrounding  tissues  by  the  tumour-cells,  yet  one  may 
occasionally  meet  with  examples  of  encapsulated  malignant  tumours. 

In  the  general  definition  of  a  tumour  given  on  page  253,  it  was  stated 
that  a  new  growth  is  devoid  of  nerve-control,  i.  e.  is  "  autonomous." 
Apart  from  neoplasms  of  nerves  themselves,  nerve-fibres  are  found  in 
certain  tumours,  but,  except  in  the  case  of  some  of  the  teratomas,  they  are 
probably  those  that  pre-existed  in  the  original  tissue,  and  which  had  merely 
become  surrounded  and  incorporated  in  the  neoplasm,  and  are,  therefore, 
not  of  new  formation.  Whatever  view  be  taken  on  this  subject,  the  fact 
remains  that  tumours  are  not  under  the  normal  control  of  the  nervous 
system,  as  are  the  tissues  in  which  they  grow.  This  is  well  exhibited 
in  the  cases  where  patients  suffering  from  lipomata  or  fatty  tumours 
are  attacked  by  some  disease  which  produces  general  emaciation  and 
absorption  of  the  body-fat,  the  fat  of  the  tumours  remaining  unaffected. 

Blood-vessels  and  Lymphatics. — In  addition  to  the  tumour-cells  proper 
(e.  g.  epithelial  cells,  non-striped  muscle-cells,  sarcoma-cells,  etc.,  according 
to  the  variety  of  tumour),  new  growths  of  necessity  contain  other  elements 
which  may  not  be  constituents  or  parts  of  the  tumour  proper,  but  are  rather 
to  be  regarded  as  an  accompaniment  or  a  consequence  of  its  growth. 

In  the  case  of  the  haemangiomas,  or  neoplasms  composed  of  blood- 
vascular  tissue,  the  blood-vessels  are,  of  course,  the  essential  constituents 
of  the  tumour,  and  not  merely  a  consequence  of  its  growth. 
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Tumours,  for  their  growth  and  maintenance,  require  a  sufficient  blood- 
and  lymph-supply,  and  this  they  obtain  by  means  of  new  vessels  formed 
from  those  in  the  neighbourhood  of  the  tumour.  These  newly-formed 
vessels  are  sometimes  very  imperfectly  developed,  e.  g.  in  sarcomata,  in 
which  they  may  consist  merely  of  a  single  layer  of  endothelium,  or  even 
of  apparently  unlined  spaces  and  channels  among  the  tumour-cells.  In 
the  latter  case,  the  tumour-cells  may  very  easily  break  off  and  pass  into 
the  circulating  blood,  and  be  carried  to  distant  parts — a  fact  which 
explains  the  general  tendency  of  sarcomas  to  be  disseminated  by  the 
blood-stream.  This  imperfect  character  of  the  blood-vessels  in  sarcomas 
also  explains  the  extreme  liability  to  the  occurrence  of  haemorrhage,  and 
of  various  degenerative  and  necrotic  changes  in  these  neoplasms.  In 
other  tumours,  again,  the  blood-vessels  are  well  formed  and,  it  may  be, 
fully  developed.  In  the  case  of  cancers,  for  example,  the  vessels  of  the 
tumour  are  to  a  large  extent  those  of  the  tissues  amongst  which  the 
cancer-cells  are  infiltrating,  but  such  tumours  also  contain  new  vessels 
formed  by  a  process  apparently  identical  with  that  which  occurs  in  inflam- 
mation and  repair.  Haemorrhages  are  also  of  frequent  occurrence  in 
cancers,  but  are  usually  due  to  the  erosion  of  the  walls  of  the  vessels 
by  the  infiltrating  cancer-cells.  Degenerative  and  necrotic  changes  are 
common  in  cancerous  tumours,  especially  in  those  of  rapid  growth. 

Newly-formed  lymphatics  are  very  abundant  in  some  tumours,  for 
example  in  cancers,  and  it  is  by  the  lymphatic  stream  that  these  tumours 
are  specially  liable  to  be  disseminated,  although  it  should  be  noted  that 
the  spread  of  cancers  by  the  blood-vessels  is  not  by  any  means  an  infrequent 
occurrence.  In  some  special  cases,  the  newly-formed  lymphatics  are 
themselves  the  essential  elements  of  the  tumour,  e.g.  in  lymphangiomata. 
It  is  .sometimes  very  difficult,  and  indeed  frequently  impossible,  to  determine 
whether  the  lymphatics  of  a  given  tumour  are  newly  developed,  or  have 
been  pre-formed  in  the  original  tissue  in  which  the  tumour  is  growing. 

The  presence  of  leucocytes  and  other  wandering  cells,  especially 
of  small  lymphocyte-like  cells,  in  tumours,  more  particularly  near  the 
spreading  margin,  is  probably  a  secondary  phenomenon  due  to  the  irrita- 
tion of  the  tumour,  and  is  in  all  likelihood  to  be  regarded  as  an  attempt 
at  repair,  [n  other  cases,  such  leucocytic  infiltration  may  be  due  to  the 
secondary  inflammatory  changes  produced  by  invading  bacteria,  this 
being  especially  common  in  tumours  growing  at  the  surface  of  the  body 
or  in  t  he  wall  of  the  ^astro-intestinal  canal,  etc. ;  i.  e.  in  positions  specially 
liable  to  the  attack  of  micro-organisms.  In  such  inflamed  tumours, 
polymorphonuclear  leucocytes  are  often  very  numerous. 

PHAGOCYTOSIS  IN  TUMOURS.— Tumour-cells  are  frequently  actively 
phagocytic,  and  may  englobe  and  digest  red  blood-corpuscles,  leucocytes, 
and  other  cells,  sometimes  in  considerable  numbers.  The  erosion  of  the 
tissues  caused  by  malignant  new  growths  is  due  in  part  to  this  phagocytic 
activity;  though  other  factors,  such  as  the  action  of  certain  digestive 
enzymes  produced  by  the  tumour-cells,  pressure,  etc.,  probably  play  an 
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important  part  in  this  process.  Leucocytes  and  other  wandering  cells, 
especially  of  the  large  mononuclear  variety,  are  also  very  commonly  seen 
attacking  and  destroying  the  tumour-cells,  more  particularly  where 
these  are  degenerated  or  necrotic. 

JETIOLOGY  OF  TUMOURS  IN  GENERAL1 

In  spite  of  the  enormous  amount  of  research  which  has  been  and  is 
now  being  carried  out  on  the  subject,  the  essential  cause  of  new  growth  is 
still  entirely  unknown;  but  certain  hypotheses  have  been  advanced  to 


Fig.  98. — Phagocytosis  in  Tumours.  Infiltration  of  pleura  by  scirrhus  tumour  of  breast. 
The  cancer  has  assumed  a  softer  type,  and  the  majority  of  the  tumour-cells  contain 
cell-inclusions  around  which  clear  digestive  vacuoles  are  developed.     X  150. 

account  for  their  direct  causation,  and  many  of  the  indirect  or  predisposing 
causes  are  well  recognised  and  may  be  summarised  as  follows  : — 

1.  Age. — It  is  an  established  fact  that  the  liability  to  cancer  tends  to 
increase  as  life  advances,  though  children  and  young  adults  are  not  by 
any  means  immune.  There  is  also  with  advancing  years,  according  to  the 
statistical  investigations  of  Bashford  and  Murray,  a  similar  increased 
liability  to  sarcoma,  although  this  variety  of  malignant  disease  is  much 
commoner  than  cancer  in  the  earlier  periods  of  life.  Cancer  does  not 
become  a  formidable  cause  of  death  until  after  the  age  of  35;  and  at 
75  it  is  thirty  times  more  frequent  a  cause  of  death  than  at  35.2 

This  increased  liability  to  cancer  with  advancing  age  may  be  due 
to  various  factors,  such  as — (i)  Progressive  lowering  of  the  vitality  of 
the  tissues,  with  a  consequent  diminution  of  the  power  of  resistance 
to    invasion,      (ii)  Loss   of  control  over  the  formation  of  new  tissue. 

1  See  "  A  Critical  Review  of  the  Cancer  Problem,"  Medical  Science  Abstracts 
and  Reviews,  vol.  iii.  No.  2,  Nov.  1920,  p.  103. 

2  Fifteenth  Annual  Report  of  the  Imperial  Cancer  Research  Fund,  1916-17,  p.  4. 
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(iii)  Variations  in  the  vegetative  vitality  or  power  of  reproduction  and 
growth  of  the  different  tissues,  e.g.  one  tissue  retaining  more  power  than 
another,  and  so  tending  to  invade  the  other.  It  is  a  well-established  fact 
that  malignant  disease  is  specially  prone  to  occur  in  organs  at  periods 
when  their  proliferative  activity  begins  to  decline — for  example,  during  the 
involution  of  the  thymus  gland,  the  mammary  gland,  uterus,  etc. 

Bashford  and  Murray1  have  put  forward  the  somewhat  plausible  sugges- 
tion that  this  unbounded  growth,  following  on  the  terminal  phases  of  normal 
cell-multiplication  and  at  a  period  when  it  should  naturally  subside,  might 
possibly  indicate  the  occurrence  of  the  process  of  conjugation  whereby  the 
animal  cell  naturally  renews  its  youth  and  vegetative  activity;  and  they 
and  several  other  writers  have  recorded  certain  appearances  in  malignant 
tumours,  which  they  have  interpreted  as  possibly  pointing  to  the  occurrence 
of  some  such  nuclear  conjugation  between  tumour-cells.  The  evidence  as 
yet  brought  forward  in  support  of  this  contention  appears,  however,  to  be 
insufficient  to  warrant  its  acceptance. 

2.  Sex. — Malignant  disease  is  relatively  commoner  in  the  female  than 
in  the  male — roughly,  in  the  proportion  of  3 :  2 — largely  on  account  of  the 
comparative  frequency  of  mammary,  uterine,  and  ovarian  tumours. 

Family    Predisposition. — Heredity    appears   to    play   some    part; 
though  whether  this  is  due  to  a  decreased  family -resistance,  or  to  an 
actual  predisposition  to  the  disease,  or,  again,  to  the  presence  of  some 
ible  infective  cause,  is  as  yet  quite  unknown.     Members  of  some 
families  may  shew  a  tendency  to  die  of  cancer  or  other  forms  of  malignant 
disease  at  a  certain  age.    It  must  be  remembered,  however,  that,  after 
tie'  age  of  35,  one  female  in  every  eight,  and  one  male  in  every  twelve, 
die  of  cancer  annually,  and  thus  few  families  of  any  size  are  likely  to  escape 
incidence.    Multiple  exostoses,  or  osteophytes,  occasionally  found  in 
ral  members  of  the  same  family  have,  by  some  writers,  been  regarded 
camples  of  simple  tumours;  but  Arthur  Keith,1  from  recent  observ- 
ations of  such  cases,  comes  to  the  conclusion  that  this  disease  should 
be  definitely  removed  from  the  category  of  tumours  and  placed  among 
the  disorders  of  growth,  under  the  name  diaphysial  aclasis  (see  pp.  2-i8, 
293,  and  Special  Pathology,  p.  1046). 
1 .  Race.-    Some  races  of  mankind  are  more  liable  than  others  to  certain 
forma  of  tumour;    and  the  same  fact  appears  to  be  true  of  the  lower 
als.     For  example,  white  horses  are  said  to  be  more  liable  to  the 
I   melanotic  Barcoma  than   are  those  of  other  colours;   and 
:  inoculation  with  Jensen's  tumour  has  been  more  successful 
ins  <>f  mice   than  in    others.     Nationality  and  civilisation 
appear,  however,  to   have  little  influence  upon  liability  to  malignant 
ral.      Similarly  mammals,   amphibians  and  fishes,  wild 
an<l  dom<  are  all  subject  to  tumour-growth. 

5.  Occupation.    There   is  in   some  trades  an  increased  liability   to 

l  Baahfoi  1   and   Murray  rteof  the  Imperial  Research  Cancer 

Francis,  1905. 
'  Arthur  In  Multiple  Exostoses,"  British  Medical  Journal,  Dec.  27,  1919, 

J47, 
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cancer  :  for  example,  among  chimney-sweepers,  paraffin-workers,  and  others 
exposed  to  the  influence  of  special  irritants.     (See  later,  under  Irritation.) 

6.  Environment. — Certain  countries,  districts,  and  even  certain  houses 
(the  so-called  "cancer-houses"),  are  frequently  spoken  of  as  predisposing 
their  inhabitants  to  malignant  disease,  but,  in  the  individual  cases  usually 
cited,  it  is  quite  possible  that  there  may  be  other  predisposing  factors 
at  work,  such  as  heredity,  longevity,  weakened  resistance  produced  by 
other  disease,  etc. 

Many  other  alleged  causes,  often  but  little  supported  by  evidence 
of  any  value,  have  been  brought  forward  from  time  to  time,  as,  e.g. 
over-feeding,  special  articles  of  diet,  etc.,  etc.;  and  there  is  almost  no 
food-element  which  has  not  at  some  time  or  other  been  alleged  to  take 
part  in  the  production  of  malignant  disease. 

Certain  more  direct  causes  probably  have  some  influence  in  the  causa- 
tion of  tumours,  and  we  may  now  consider  some  of  these  more  fully. 

1.  Local  Irritation,  either  physical  or  chemical,  seems  in  some  instances 
to  have  a  very  important  causal  relationship  to  the  disease,  and  appears 
in  such  cases  to  stimulate  tumour-growth,  perhaps  in  a  way  somewhat 
analogous  to  that  by  which  it  may  produce  excessive  reparative  processes. 
It  is  impossible  at  present  to  say  whether  prolonged  irritation  may  of 
itself  produce  new  growth  in  suitable  subjects ;  or  whether  it  merely 
prepares  the  way  by  weakening  the  resistance  of  the  tissues  locally, 
and  so  produces  a  suitable  soil  in  which  some  other  specific  agent  may 
then  the  more  easily  cause  tumour-formation. 

Be  this  as  it  may,  chronic  irritation  certainly  does  appear  to  possess 
some  definite  causal  influence  upon  the  growth  of  tumours,  as  in  the 
case  of  "  chimney-sweeper's  cancer,"  referred  to  above,  where  the 
long-continued  irritation,  especially  of  the  scrotum  and  neighbouring 
parts,  by  the  accumulated  soot -particles,  may  ultimately  lead  to  the 
development  of  an  epithelioma.  Similarly,  epitheliomata  of  the  lip  and 
tongue  are  said  to  arise  from  the  long-continued  use  of  a  short  clay-pipe 
— the  so-called  "smoker's  cancer";  and  certainly  the  enormous  pre- 
ponderance of  the  disease  in  this  position  in  the  male  seems  to  lend  support 
to  such  a  view.  Cancer  may  also  follow  prolonged  irritation  by  a  sharp 
or  jagged  tooth,  or  by  the  plate  supporting  artificial  teeth.  Chronic 
ulcers  in  any  situation,  and  scar-tissue  or  cheloid,  may  ultimately  become 
the  seat  of  new  growth ;  but,  in  some  of  these  cancers,  the  inclusion  of 
pieces  of  epithelial  tissue  in  the  granulations  of  the  ulcers  or  in  the  scars 
may  be  the  starting-point  of  the  new  growth. 

Again,  cancer  of  the  liver  frequently  arises  from  or  near  a  gall-bladder 
containing  gall-stones,  and  the  chronic  irritation  may  be  regarded  as  a 
causal  factor,  though  here  again  it  may  be  equally  affirmed  that  both 
conditions  might  possibly  arise  from  a  common  cause.  Similarly,  in 
cancer  of  the  liver  associated  with  cirrhosis,  it  is  as  yet  impossible  to 
determine  whether  both  of  these  conditions  are  brought  about  by  a 
common  cause,  or  whether  the  cancer  results  from  the  irritation  produced 
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by  the  aberrant  attempts  at  repair  of  the  liver-tissue,  so  commonly 
associated  with  cirrhosis.  Cancer  may  also  supervene  upon  syphilitic 
leukoplakia  of  the  tongue,  or  upon  schistosomiasis  (bilharziasis)  of  the 
bladder  or  rectum. 

The  production  of  osteophytes  at  the  point  of  attachment  of  muscles 
to  bone,  has  often  been  cited  as  an  instance  of  the  production  of  tumour- 
growth  by  chronic  irritation,  e.g.  in  the  case  of  so-called  "  rider's  bone  " ; 
but,  on  the  other  hand,  it  may  be  merely  part  of  the  general  non-neoplastic 
developmental  condition  of  diaphysial  aclasis  {see  pp.  248,  264,  293,  and 
Special  Pathology,  p.  1046),  where  attention  is  merely  called  to  the 
particular  exostosis  at  the  insertion  of  the  adductor  magnus,  because  of 
the  inconvenience  specially  caused  in  persons  who  ride,  and  the  presence 
of  the  other  multiple  exostoses  usually  present  elsewhere  remains  unsus- 
ed.  There  seems  little  doubt,  however,  that  certain  chemical  irritants, 
■•xample  some  of  the  products  of  the  destructive  distillation  of  wood 
and  coal,  such  as  tar,  soot  and  paraffin,  may,  by  their  prolonged  application 
to  the  skin,  e.g.  in  the  case  of  workers  who  deal  with  these  substances 
in  their  trades,  lead  to  epitheliomata  of  the  skin.1  Epithelioma  may 
supervene  upon  the  hyperkeratosis  caused  by  the  prolonged  administra- 
tion of  arsenic.  Workers  in  aniline  dyes  (especially  the  group  containing 
Mil'tranin.  eoein,  fnclisin,  congo-red,  benzopurpurin,  etc.) — both  dye- 
makerfl  and  dyers — appear  to  be  unduly  liable  to  cancer  of  the  bladder. 

1  In  the  report  of  the  Departmental  Committee  on  Compensation  for  Industrial 
L907),  the  mortality  for  cancer  among  Chimney-sweepers  is  given  as  twice 
thai  among  occupied  males  generally. 

ntham  and  Wilson  ("  Cancer  of  the  Scrotum,"  British  Medical  Journal,  Nov. 
1  B,  1922.  p.  971  |  i  all  attention  to  the  prevalence  of  scrotal  cancer  among  the  kk  mule- 
Bpinnen  ":  in  South  Lancashire,  and  attribute  it  to  chronic  irritation  as  the  result 
of  friction  and  contact  with  oil  to  which  this  occupation  exposes  this  part  of  the 
body.  They  also  suggest  that  the  mineral  oil  employed  is  analogous  to  soot,  tar, 
paraffin,  etc.,  all  of  these  being  products  of  the  dry  distillation  of  coal. 

The  following  note  is  from  the  British  Medical  Journal,  Dec.  27,  1919,  p.  852. 

Notification  of  Epitheliomatous  and  Chrome  Ulceration 

(a)  EpWu  liomatous  Ulceration,  due  to  tar,  pitch,  bitumen,  mineral  oil,  paraffin, 

or  any  compound,  product,  or  residue  of  any  of  these  substances;    and 
(6)  Chrome  Ulceration,  due  to  chromic  acid  or  bichromate  of  potassium,  sodium, 
or  ammonium,  or  any  preparation  of  these  substances,  .  .  . 
UhelionuUoua  Ulceration. — In  general,  ulceration  of  the  skin  is  a  term  used 
line  a  raw  surface  forming  on  the  skin,  which,  in  industrial  employment,  is 
not  infrequently  Bet  up  by  the  substances  handled.     Under  appropriate  treatment, 
at  do  matter  what  age,  such  ulceration  usually  heals  quickly,  and,  should  it  recur, 
will  again  heal  with  rest  and  treatment.     In  the  case  of  those  handling  the  sub- 
Btancei  named,  however,  especially  when  the  workers  are  over  thirty-five  years  of 
>nd  have  worked  for  about  ten  years  or  more  in  particular  operations  exposing 
them  to  dust  or  liquids,  the  ulceration  following  on  the  skin  irritation  set  up  may 
not  heal  but  spread  over  a  larger  area  of  the  surface  of  the  skin  and  extend  down- 
wards into  the  tl,  ah.     And  this  form  of  ulceration,  among  other  places,  occurs  with 
relative  frequency  on  the  scrotum.     It  is  then  to  be  regarded  as  epitheliomatous  or 
rous,  and  this  is  the  condition  to  be  notified.  .  .  . 
J    Chrome    Ulceration. — If  chrome  compounds  and   their   solutions  remain  in 
contact   with  the  broken  skin  (and  sometimes  even  with  a  very  sensitive  skin  in 
the  absence  of  an  obvious  broken  surface)  they  give  rise  either  to  a  general  ecze- 
U8  ulceration  or  a  circumscribed  ulcer  known  as  a  "  chrome  hole."    Both  these 
conditions,  when  definitely  ulcerative,  will  become  reportable. 
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The  injection  of  fat  stained  with  scarlet  R.  under  the  skin  produces  a 
very  marked  epithelial  proliferation,  and  an  ointment  containing  this 
dye  is  now  often  used  therapeutically  to  stimulate  epithelial  growth  on 
ulcerated  surfaces.  The  prolonged  irritation  of  rabbits'  ears  with  tar 
also  produces  an  infiltrative  proliferation  of  the  epithelium  almost 
resembling  carcinoma,  but  not  leading  to  metastasis,  and  retrogressing 
on  discontinuing  the  application  of  the  irritant.1 

The  study  of  the  production  by  insects  of  galls  upon  the  oak,  rose, 
and  other  plants,  and  the  investigation  of  other  tumour-like  diseases 
in  the  vegetable  kingdom,  some  of  which  have  now  been  produced 
experimentally  by  means  of  bacterial  inoculation,  may  possibly  aid  in 
throwing  some  light  on  the  process  of  tumour-formation  in  animals. 

Radiographers,  especially  before  suitable  steps  were  taken  to  protect 
them  by  means  of  lead-screens,  rubber-gloves,  etc.,  were  liable  to  a  form  of 
dermatitis,  especially  of  the  ringers  and  hands,  brought  on  by  constant 
exposure  to  X-rays,  and  this  may  be  followed  by  the  development  of 
squamous  carcinoma.2  A  similar  condition  may  follow  undue  exposure 
to  the  action  of  radium,  and  even  sunlight  may,  in  certain  rare  cases, 
give  rise  to  a  form  of  carcinoma  (melanoderma).  Squamous  carcinoma 
also  not  infrequently  attacks  the  skin  of  the  anterior  abdominal  wall  of 
natives  of  Cashmir,  who  are  in  the  habit  of  carrying  a  Jcangri,  or  earthen- 
ware vessel  containing  a  charcoal-fire,  under  the  clothes  in  that  position. 

The  close  resemblance  to  true  tumours  exhibited  by  certain  lesions 
produced  by  known  bacterial  or  other  similar  irritants,  such  as  gonorrhoea! 
or  syphilitic  warts,  is  very  striking,  and  certainly  suggests  the  possibility 
that  some,  at  all  events,  of  what  we  now  regard  as  true  tumours,  may 
ultimately  be  found  to  be  produced  by  other,  as  yet  undiscovered,  organ- 
isms. Thus,  in  the  past,  syphilitic  gummata,  tuberculous  "  tumours  " 
of  the  brain,  actinomycotic  and  other  lesions  produced  by  members  of 
the  streptothrix-group,  etc.,  were  considered  and  classed  as  tumours ;  and, 
at  the  present  time,  opinion  is  divided  as  to  whether  the  so-called  "  infect- 
ive sarcoma  "  of  the  dog  is  to  be  classified  among  the  true  neoplasms, 

1  "  On  the  Cancer-producing  Factor  in  Tar,"  E.  L.  Kennaway,  Brit.  Med.  Jour.. 
March  29,  1924,  p.  564.  The  industrial  evidence  alone  shows  that  the  cancer- 
producing  substance  is  present  in  the  higher  boiling  fractions,  viz.  creosote  oil, 
anthracene  oil,  and  pitch ;  and  experimental  evidence  supplements  this  by  showing 
that  the  substance  is  not  concentrated  in  the  solids  suspended  in  anthracene  oil, 
and  that  it  is  present  in  the  highest  boiling  distillate  obtained  from  pitch,  i.e.  at 
a  temperature  of  250°  C.  or  more.  He  did  not,  however,  succeed  in  isolating  the 
specific  substance,  which  he  thinks  is  probably  unstable  and  present  in  small  amount. 

2  It  is  interesting  to  note  in  this  connection,  that  the  ova  of  certain  fishes  and 
amphibians  may  be  stimulated  by  exposure  to  X-rays,  and,  without  the  normal 
stimulus  of  impregnation,  may  undergo  a  certain  degree  of  development  into 
more  or  less  imperfect  embryos.  Proliferation  of  certain  epithelial  cells  can  also 
be  producei  experimentally  in  animals  by  irradiation  with  suitable  d°ses  of  radium- 
rays.  Epithelial  changes  resembling  tho-e  of  cancer  have,  in  this  way,  been  induced 
in  the  skin  of  the  rat  and  in  the  gall-bladder  of  the  rabbit.  In  this  connection, 
the  amount,  and  the  particular  wave-length,  of  X-rays  and  radium-rays  adminis- 
tered, are  of  great  importance,  small  doses  stimulating  proliferation,  and  larger 
doses  causing  degenerative  changes,  or,  it  may  be,  death,  of  the  cells. 
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or  as  one  of  the  infective  granulomatous  diseases,  the  condition  having 
very  close  analogies  with  both  of  these  groups.  Fibiger,  of  Copenhagen, 
has  recently  claimed  that  he  has  succeeded  in  producing,  de  novo,  a 
squamous-celled  carcinoma  in  the  stomach  of  rats,  fed  or  inoculated 
with  a  nematode  parasite  of  the  cockroach  (see  pp.  275-6). 

2.  Direct  Mechanical  Injuries  may  also  predispose  the  tissues  to 
tumour-growth,  possibly  owing  to  the  laceration  and  consequent  inter- 
mingling of  the  different  tissue-elements;  or  perhaps  by  merely  lowering 
their  vitality  and  power  of  resistance.  Patients  suffering  from  tumours 
of  the  breast,  brain,  testicle,  etc.,  when  they  consult  their  medical  adviser, 
almost  always  come  with  a  definite  history  of  injury;  and,  though  it  is, 
of  course,  possible  that  such  an  injury  may  have  been  a  predisposing 
cause  of  the  condition,  it  must  not  be  forgotten  that  such  a  tumour  may 
have  previously  existed  in  the  tissue,  and  the  accident  might  only  have 
bo  draw  the  patient's  attention  to  it  for  the  first  time. 
The  laceration  caused  by  some  injuries  may  possibly  produce  displace- 
ment or  intermingling  of  the  tissues  (cf.  the  intermingling  of  tissues  during 
thf  involution  of  organs  such  as  the  uterus  or  the  mammary  gland); 
ami  certain  of  the  elements  so  displaced  and  cut  off  from  their  normal 
environment  may  possibly  give  rise  to  tumour-growth,  perhaps  on  account 
of  the  changed  nutritional  conditions. 

Sarcomatous  tumours  of  bone  are  sometimes  described  as  following 
upon  fracture,  but.  in  this  connection,  it  must  be  borne  in  mind  that  the 

oma  may  possibly  have  been  previously  present,  and  may  have  thus 

•ly  predisposed  to  the  production  of  the  fracture.  The  occurrence  of 
epitheliomata  and  of  sarcomata  arising  from  the  margins  of  old  ulcers 
and  from  scars  has  already  been  mentioned,  and  may  conceivably  be  due 
either  to  chronic  irritation  or  to  actual  displacement  and  intermingling 
of  the  tissue-elements.  Similarly,  cystic  tumours  of  the  iris  have 
occasionally  been  recorded  as  following  punctured  wounds  of  the  eye, 
and  have  been  regarded  by  some  writers  as  possibly  due  to  transplantation 
<>f  cornea]  epithelium  or  other  structure  at  the  time  of  the  accident. 

convenient  in  this  connection  to  discuss  briefly  the  results  of 

experimental  transplantation  of  healthy  tissues.  As  is  well  known, 
"skin-grafting/1  or  the  transplantation  of  pieces  of  skin-epithelium,  is 
frequenl  ly  carried  out  with  success  in  the  human  subject ;  and,  similarly, 
pieces  <»f  }„>  etc.,  may  sometimes  be  successfully  transplanted, 

a  sufficient  amount  of  vitality  and  proliferative  power  being  retained  by 
some  tissues,  enabling  them,  after  removal  from  their  normal  position, 

irvive  and  adapt  themselves  to  their  new  surroundings,  provided  these 
are  capable  of  supplying  them  with  suitable  nutriment.  The  usual  fate, 
however,  <>f  such  pieces  of  transplanted  tissue  is  necrosis,  and  then  either 
absorption  by  phi  ris  and  enzvme-action,orthecastingoffof  thedead, 

the  manner  of  a  slough.      The  more  divergent  the  varieties 
of  animal  used  in  such  experimental  transplantation,  the  less  likelihood, 
rule,  is  there  of  the  "  grafts  "  being  successful.     It  is  important  also 
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to  note  here  that  embryonic  tissues,  when  transplanted,  appear  to  perish 
more  readily  than  those  of  the  adult,  in  spite  of  their  greater  vegetative 
activities,  and  especially  if  young  animals  are  used  for  the  implantations.1 

Whilst  the  experimental  transplantation  of  healthy  tissues  has  been, 
in  many  instances,  successful,  there  is  at  present  no  proof  that,  even  when 
implanted  in  abnormal  or  dissimilar  sites,  they  may  give  rise  to  tumour- 
growth.  In  this  connection,  the  experimental  work  of  Dr.  Lack  is  usually 
cited.  This  observer,  in  a  series  of  rabbits,  transplanted  fragments  of 
apparently  healthy  ovary  intraperitoneally,  and  in  one  instance  obtained 
what  appeared  to  be  the  growth  of  an  adenomatous  tumour.  This  result, 
although  numerous  similar  experiments  have  since  been  carried  out, 
both  by  Dr.  Lack  himself  and  by  others,  has  never  again  been  obtained ; 
and  it  is  highly  probable  that,  as  the  tumour  obtained  in  this  single 
instance  is  found  naturally  in  rabbits,  the  animal  used  for  the  experiment 
contracted  the  disease  in  some  other  way. 

THE  EXPERIMENTAL  TRANSPLANTATION  OF  TUMOURS  has, 
until  recently,  been  attended  with  little  success,  death  and  absorption 
of  the  transplanted  portion  of  tumour  usually  resulting.  It  has  been 
clearly  shewn,  especially  by  Bashford  and  his  colleagues,  that  malignant 
disease  is  very  widely  spread,  and  may  occur  in  any  member  of  the  verte- 
brate group.  In  the  vast  majority  of  cases,  the  experimental  transplant- 
ation of  these  tumours  has  failed.  In  no  case  has  a  tumour  from  the 
human  subject  ever  been  successfully  inoculated  into  any  of  the  lower 
animals;  and,  similarly,  practically  all  attempts  at  transplantation 
between  animals  of  different  species  have  completely  failed.  Even 
between  members  of  the  same  species  little  success  has  been  attained 
in  experiments  with  the  vast  majority  of  tumours,  but  in  a  few  instances 
positive  results  have  been  obtained.  Thus  Jensen  2  has  succeeded  in 
transplanting  what  he  regards  as  a  variety  of  epithelioma  (Jensen's 
Tumour)  occurring  sporadically  in  white  mice ;  and  Borrel  3  has  similarly 
described  the  successful  transplantation  of  a  species  of  adeno-carcinoma,  also 
among  mice.  These  results  have  been  confirmed  and  amplified  by  Apolant 
and  Ehrlich,  Bashford  and  Murray,  and  numerous  other  observers,  who  are 
of  opinion  that  the  lesions  dealt  with  are  of  the  nature  of  true  malignant 
neoplasms.  Even  if  Jensen's  tumour  is  by  some  authorities  not  admitted 
to  be  a  true  malignant  growth,  a  position  which  appears  to  be  untenable, 
Bashford  and  Murray,  by  their  successful  transplantation  of  an  epithelioma 
in  mice,  have  shewn  conclusively  that  at  all  events  some  definitely 
malignant  tumours  can  be  transplanted  in  animals  of  the  same  species. 

In  these  experiments,  the  cells  of  the  resulting  growths  appear  to  be 
the  direct  lineal  descendants  of  the  tumour-cells  originally  introduced, 
and  may  indeed  be  regarded  as  artificial  metastases  produced  in  the 

1  Milne,  "  Liver  Regenerations,"  Jour.  Path,  and  Bad.,  Oct.  1908. 

2  Jensen,  "  Experimentelle  untersuchungen  iiber  Krebs  bei  Mausen,"  Ceil- 
tralblatt  fiir  Bacteriologie,  Bd.  xxxiv.,  1903. 

3  Borrel,  "  Epithelioses  infectieuses  et  epitheliomas,"  Annates  de  V Institute 
Pasteur,  Tome  xi.,  1903. 
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tissues  of  another  animal  of  the  same  species,  the  stroma  of  the  tumour 
and  its  blood-vessels  being  supplied  by  the  tissues  of  the  host. 

Allusion  has  already  been  made  to  the  so-called  "  infective  sarcoma  " 
occurring  in  dogs,  and  a  considerable  amount  of  experimental  work  has 
been  carried  out  in  connection  with  its  transplantation.  By  the  majority 
of  pathologists,  however,  this  condition  is  not  regarded  as  a  true  tumour- 
growth,  but  rather  as  belonging  to  the  infective  granulomatous  diseases. 

HYPOTHESIS  OF  WALDEYER  AND  THIERSCH.— These  authors 
gnised  the  fact  that  the  cells  of  a  carcinoma  are  derived  from  those 
of  covering  and  secretory  epithelium.  Under  normal  circumstances, 
according  to  their  hypothesis,  there  is  a  state  of  equilibrium  or  balance 
between  the  epithelial  and  the  connective  tissues  with  regard  to  their 
respective  proliferative  capacities,  each  holding  the  other  in  check. 
Over-growth  of  the  epithelium  is  thus, they  say,  prevented  by  the  influence 
of  the  connective  tissues.  With  advancing  age,  however,  they  postulate 
a  progressive  weakening  and  loss  of  this  restraining  power  on  the  part 
of  t  he  connective  tissues,  with  a  consequent  freeing,  as  it  were,  of  the 
epithelium,  which  can  then  proliferate  and  give  rise  to  tumour-growth, 
reversion  to  a  more  primitive  type  of  cell  at  the  same  time  occurring. 
They  thus  endeavour  to  explain  the  increasing  liability  to  cancer  with 
advancing  age.  The  main  objection  to  this  theory  appears  to  be  that, 
this  the  true  explanation  of  cancer,  the  occurrence  of  multiple 
primary  foci  should  be  the  rule,  instead  of,  as  is  actually  the  case,  the 

eption,  in  malignant  disease. 

COHNHEIM'S  EMBRYONAL  HYPOTHESIS,  or  "THEORY  OF 
EMBRYONIC  RESIDUES "  or  "  RESTEN,"  is  grounded  on  the  view 
that,  early  in  development,  some  tissue-rudiments — embryonic  cells, 
or  portions  of  embryonic  or  foetal  structures — may  become  caught  or 
\>r  intermingled  in  other  tissues,  where  they  remain  dormant,  but  retain 
in  latent  form  their  inherent  embryonic  capacity  for  unlimited  prolifera- 
tion, and  are  thus,  under  favourable  circumstances,  capable  later  of  taking 
on  new  growth,  and  so  leading  to  tumour-formation.  This  hypothesis 
cannot  be  made  to  account  for  the  growth  of  all  tumours,  but  it  is  cer- 
tainly a  possible  explanation  of  the  mechanism  by  which  some  neoplasms 
arise,  though  it  affords  no  clue  as  to  the  nature  of  the  factors  which 
stimulate  the  new  growth  of  the  latent  "residues."  This  hypothesis  is 
m  many  ways  analogous  to  the  "Heterology"  hypothesis  of  Virchow, 
who  similarly  suggested  that  a  portion  of  one  tissue  might  become 
entangled  in  another  by  a  process  of  intermingling  during  development, 
or  from  injury  or  disease. 

TISSUE-TENSION  HYPOTHESIS  OF  RIBBERT.— Following  the 
arguments  of  Waldeyer  and  Thiersch,  Ribbert  accepts  the  view  that 
the  vegetative  capacity  or  proliferative  power  of  the  various  component 
gulated  by  what  he  calls  the  "  tissue-tension  "  of  the 
part,  there  being,  in  health,  a  condition  of  equilibrium,  as  it  were,  or 
balance   among  the   various  tissues  and  tissue-elements,   whereby  any 
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over-activity  on  the  part  of  one  cell  or  set  of  cells  is  held  in  check  by  the 
restraining  influence  of  its  neighbours.  Consequently,  any  pathological 
disturbance  of  such  an  arrangement  might  conceivably  lead  to  the  weaken- 
ing of  such  inhibiting  power  on  the  part  of  the  less  resistant  tissue- 
elements,  and  this  weakening  might  allow  abnormal  growth  of,  and  in- 
vasion by,  certain  of  the  other  tissue-elements,  whose  vegetative  capacity 
is  not  only  greater,  but  is  now  allowed  free  scope  for  proliferation.  The 
displacement  or  "  dislocation "  of  cells,  singly  or  in  groups,  during 
development,  or  from  traumatic,  irritative,  or  other  causes,  may  lead  to 
their  isolation,  and  to  their  being  freed  from  the  inhibitory  influences  of 
their  fellows — a  sort  of  "growth-liberation,"  as  it  were,  taking  place.  Thus 
epithelial  cells,  when  isolated  and  deprived  of  the  normal  inhibitory  in- 
fluence of  the  neighbouring  epithelial  cells  and  connective  tissue,  and  being 
endowed,  according  to  Ribbert,with  latent  capacity  for  unlimited  prolifera- 
tion, may  multiply  and  give  rise  to  the  formation  of  new  growths.  Ribbert's 
hypothesis  is  thus  a  combination  of  both  the  foregoing  hypotheses. 

Many  examples  of  such  intermingling  might  be  cited,  but  the  following 
may  suffice  : — 

i.  Developmental  Intermingling. — Part,  or  even  in  some  cases  the 
whole,  of  one  organ  may  be  embedded  in  another — for  example,  the 
suprarenal  gland  or  a  part  of  it  in  one  kidney,  or,  less  commonly,  in  the 
liver ;  or,  again,  parts  of  the  Wolffian  duct  may  be  included  in  the  kidney. 
These  "  residues  "  may  remain  dormant  or  latent  for  many  years,  and, 
in  some  cases,  may  remain  so  for  the  whole  of  the  patient's  life ;  but,  in 
other  instances,  some  as  yet  unknown  influence  may  stimulate  them  to 
proliferate  and  become  new  growths. 

Cystic  and  other  tumours — the  so-called  "  false  dermoids,"  "  wens," 
or  "  atheromatous  cysts  " — are  of  common  occurrence  at  the  lines  of 
closure  of  the  branchial  and  facial  clefts,  and  are  in  all  probability  due 
to  infoldings  of  the  surface  structures,  or  perhaps  to  the  persistence  of 
small  areas  of  the  epithelium  originally  lining  the  clefts.  Similar  cystic 
tumours  may  be  found  along  the  median  line,  where  imperfect  closure 
and  incomplete  coalescence  of  the  body-wall  of  the  foetus  may  also  lead 
to  such  conditions  as  meningoceles,  meningo-encephaloceles,  etc.  Chole- 
steatomata  in  the  central  nervous  system,  middle  ear,  and  elsewhere, 
probably  originate  from  displaced  epidermal  epithelial  cells,  which  form 
cysts  filled  with  the  desquamated  products  of  their  growth  in  the  form 
of  pearly  masses  of  cornified  cells  and  cholesterol.  Developmental 
intermingling  may  also  occur  where  one  tissue  meets  or  passes  into 
another — for  example,  at  the  junction  of  skin  and  mucous  membrane. 

This  hypothesis  serves  as  a  possible  explanation  of  certain  cartilaginous 
tumours  of  secreting  glands  (which  sometimes  tend  to  be  malignant). 
Thus,  the  cartilaginous  tumours  sometimes  found  in  the  parotid  and 
submaxillary  glands  may  be  due  to  the  inclusion  of  portions  of  certain 
of  the  cartilages  of  the  developing  ear  or  lower  jaw,  or  of  the  embryonic 
mesoblastic  segments  from  which  these  are  derived.    In  the  testicle,  breast 
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and  ovary,  though  such  tumours  may  possible  arise  from  the  incluf 
early  in  development,  of    misplaced    fragments  of  vertebral  or  other 
cartilages,  the  more  modern  view  is  that  they  are  in  reality  teratomata. 

Birth-marks,  moles,  or  nsevi  growing  in  the  skin  may  also  be  caused 
by  this  embryonic  intermingling  of  tissues  early  in  development,  or  by 
an  arrest  of  the  normal  development  of  the  area  involved,  their  stroma 

listing  of  more  or  less  undifferentiated  rounded,  irregular,  or  some- 
what elongated  cells — the  so-called  naevoid  cells — the  characters  of  which 
embryonic  tissue.  These  naevi  may,  later  in  life,  give  rise  to 
tumours,  some  of  which  may  be  highly  malignant,  e.g.  melanotic  sarcoma. 
Moles,  and  the  tumours  sometimes  arising  from  them,  may  exhibit 
increased  pigmentation,  development  of  hair,  abnormal  vascularity,  etc. 

ii.  Intermingling  of  Tissues  from  Disease  or  Injury  may  afford  a  similar 
explanation  of  the  mechanism  by  which  certain  other  tumours  arise,  as, 
for  instance,  the  multiple  chondromata  of  bones,  more  especially  of  the 
hand,  which  sometimes  develop  in  rickety  subjects.  These  may  be  due 
to  1  amour-growths  supervening  in  islets  of  cartilage,  detached  from  the 
epiphyseal  or  other  cartilages,  and  enclosed  in  the  growing  bone  during 
the  abnormal  processes  of  ossification  in  this  disease.  Traumatic  inter- 
mingling may  possibly  occur  in  fracture  of  bone,  or,  as  already  suggested 
above,  in  punctured  wounds  of  the  eye;  and  the  displaced  fragments  of 
tissue  may  later  give  rise  to  new  growth.  A  somewhat  analogous  explana- 
tion  has  also  been  suggested  to  account  for  the  frequent  occurrence  of 
tumours  in  organs  such  as  the  ovary  and  breast,  in  which  intermingling 
of  tissues  may  take  place  during  the  periodic  enlargement  and  involution 
to  which  these  organs  are  subject.  A  similar  intermingling  may  occur 
in  chronic  inflammatory  lesions,  in  which  some  of  the  cells  may  be  cut 
oil*  by  fibrous  tissues  from  their  accustomed  environment  and  nutritive 
conditions.  It  must,  however,  be  again  emphasised  that  these  hvpo- 
t  hoses  merely  explain  the  possible  mechanism  and  nidus  of  tumour-growth 
in  such  cases,  and  do  not  give  us  any  information  as  to  the  nature  of  the 
Btimulus  which  causes  these  isolated  cells  or  cell-groups  to  take  on  an 
and  abnormal  growth. 

THE  INCLUSION  OF  ONE  "  INDIVIDUAL  "  WITHIN  THE  TISSUES 

OF   ANOTHER,   giving   rise   to   the   TERATOMATA.— These   tumours 

appear  to  result  from  the  inclusion  of  one  ovum  or  germ-cell,  as  the  case 

may  be,  within  the  tissues  of  another  individual;  and,  from  the  after- 

pioliferation  of  this  included  cell  many  conditions  may  arise,  varying 

from  the  mosi  rudimentary  true  teratomatous  dermoid  cysts,  through  the 

-  <»f  those  containing  skin,  hair,  sebaceous  glands,  teeth,  etc.,  and  even 

up  to  parasitic  or  adherent  twins  in  all  stages  of  develop- 

• .     To  t  he  more  imperfect  forms  of  such  tumours  the  term  "  teratoid  " 

has  sometimes  been  applied,  but  it  is  impossible  to  differentiate,  except 

theoretically,  between  such  tumours  derived  from  the  inclusion  of  another 

individual  and  those  derived  from  early  embryonic  cells  or  cell-groups — 

ant-ted  or  misplaced  it  may  be— of  the  individual  himself.     Into  a  full 
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discussion  of  the  aetiology  of  double-headed  and  other  monsters,  and  as  to 
whether  their  formation  is  due  to  double-yolked  or  to  binuclear  ova,  to  in- 
complete fission  of  the  germinal  area  of  one  embryo,  or  to  the  partial  fusion 
of  the  germinal  areas  pertaining  to  twins,  it  is  not  possible  to  enter  here. 

The  question  has  been  much  discussed  as  to  whether  aberrant  germ- 
cells  may  give  rise,  not  only  to  these  teratomata,  but  to  many  other 
forms  of  tumour-growth ;  and  a  few  ardent  supporters  of  this  hypothesis 
even  go  so  far  as  to  assert  that  all  forms  of  tumour-growth  are  due  to 
their  agency.  The  hypothesis  is  founded  on  the  well-known  view  that 
the  direct  genealogical  continuity  of  any  given  species  is  vested  in  certain 
specific  cells  called  germ-cells — whilst  the  body  of  the  individual  is,  as  it 
were,  merely  the  bearer  or  carrier  of  these  cells  for  a  generation,  and  is 
an  offshoot  formed  by  the  proliferation  of  one  special  germ-cell.  The 
fertilised  ovum  or  zygote  divides  and  subdivides  a  given  number  of 
times,  by  a  process  corresponding  in  some  ways  to  a  larval  stage  of 
development,  giving  rise  to  a  large  number  of  cells — the  germ-cells — 
only  one  of  which  should,  under  normal  circumstances,  proceed  to  form 
the  embryo  or  body  of  the  new  individual,  whilst  the  others  form  the 
tropho blast  around  the  segmenting  ovum.  According  to  Beard,  these 
germ-cells,  when  the  growing  embryo  attains  a  sufficient  stage  of  develop- 
ment, migrate  into  the  area  where  the  generative  organs  are  developed ; 
and  their  function  is  to  give  rise  to  the  gametogenetic  cells  of  the  ovary 
or  testis  of  the  new  individual.  While  these  cells  are  thus  migrating, 
it  is  possible  that  some  of  them,  instead  of  reaching  their  proper  destina- 
tion, may  lose  their  way,  as  it  were,  and  wander  into  other  parts  of  the 
embryo,  where  they  may  settle  down  in  the  tissues  and  remain  quiescent ; 
and  then,  later,  if  any  abnormal  conditions  arise  which  liberate  them  or 
stimulate  them  to  proliferate,  they  may  give  rise  by  their  proliferation 
to  new  growths,  in  some  cases  imitating  the  structure,  it  may  be,  of  the 
tissue  in  which  they  are  growing.  This  wandering  of  germ-cells  has  been 
demonstrated  in  certain  of  the  cold-blooded  animals  only,  e.  g.  the  frog 
and  the  skate.     The  whole  question  is  as  yet  extremely  problematical. 

Whilst  some  have  defined  teratomata  as  heterochthonous  x  tumours 
derived  from  the  inclusion  of  another  individual,  i.  e.  a  twin,  or  the  ovum 
or  germ-cell  from  which  such  twin  would  have  been  developed,  another 
suggestion  is  that  tumours  of  this  character  may  also  be  derived  from 
one  or  more  of  the  early  cells  produced  by  the  proliferation  of  the  ovum 
which  gives  rise  to  the  same  individual,  i.  e.  autochthonous.2  Similarly, 
certain  developmental  segments,  or  portions  of  such  segments,  of  the 
embryo  may  undergo  arrest  of  their  development  or  may  become  dis- 
placed and  enclosed  in  the  organs  and  tissues  of  the  growing  embryo, 
giving  rise  later  to  tumour-growTth,  e.g.  mixed  tumours  of  the  kidney, 
parotid,  etc. 

1  Heterochthonous  (erepos,  another). 

2  Autochthonous  (avroxdwv,  belonging  to  the  same  land),  i.  e.  descended  from 
the  cells  of  the  host  itself. 

IS 
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THE  REVERSION  OF  SOMATIC  CELLS  TO  THE  CELL-TYPE  CHAR- 
ACTERISTIC OF  GAMETOGENETIC  TISSUE  is  regarded  by  Farmer,  Moore 
and  Walker,  and  others,  as  the  explanation  of  some  of  the  phenomena  described 
as  occurring  in  malignant  tumours,  for  example  the  much-discussed  heterotype- 
mitosis ;  and  Farmer  also  suggests  that  the  vacuoles  so  often  seen  in  cancer- 
cells  are  perhaps  the  remains  of  the  archoplastic  vesicle  seen  in  the  normal 
development  of  germinal  cells.  These  views  must  at  present  be  regarded  as 
interesting,  but  so  far  unconfirmed,  speculations. 

HANSEMANN'S   HYPOTHESIS   OF   "ANAPLASIA"    IN  TUMOUR- 
CELLS. — All  cells  possess  two  classes  of  activity  : — 

i.  The  faculty  of  multiplication. 

ii.  The  capacity  of  individual  growth — i.  e.  increase  in  size — and  the 
development  of  specialised  function,  w^th  specialised  structural 
peculiarities  to  correspond. 

The  former  of  these — the  faculty  of  cell-multiplication — is  found  in 
its  most  active  form  early  in  life,  and  more  especially  in  the  tissues  of 
the  embryo,  in  which  the  vegetative  activities  are  far  in  excess  of  those 
connected  with  specialised  function;  whilst,  as  age  advances,  the  reverse 
is  the  case,  the  capacity  for  specialised  function  becoming  emphasised 
at  the  expense  of  the  more  primitive  faculty  of  multiplication.  Now  if, 
for  any  reason,  this  reproductive  activity  (the  so-called  "  embryonic  " 
character)  of  the  cells  should  be  re-established,  the  condition  may  be 
i <led  as  a  reversion  to  the  more  primitive  type  of  cell ;  and  it  is  to 
this  process  of  reversion,  wrhich  appears  to  take  place  in  the  formation  of 
neoplasms,  that  Hansemann  has  applied  the  term  Anaplasia,  already 
referred  to  on  p.  2C0.  The  greater  the  degree  of  anaplasia,  and  the  more 
primitive  and  undifferentiated  the  type  of  cell,  the  more  malignant,  as  a 
rule,  is  the  resulting  neoplasm.  The  less  marked  the  anaplasia  of  the 
cells,  the  more  "benign"  or  "simple"  is  the  resulting  new  growth. 
Between  these  two  extremes  there  may  be  found,  as  is  pointed  out  on 
pp.  259-260,  tumours  exhibiting  all  gradations  of  "  innocency "  and 
11  malignancy."  The  fact  of  these  transition -stages  between  innocent 
and  malignant  tumours  is  well  recognised  by  all  pathologists,  and  seems 
to  indicate,  as  is  strongly  urged  by  Cathcart,1  that,  in  endeavouring 
to  discover  the  ultimate  cause  of  tumour-growth,  attention  should  be 
directed,  not  only  to  the  malignant,  but  also  to  the  simple,  neoplasms. 

PARASITIC  HYPOTHESES  OF  TUMOUR-FORMATION.— All  the 
hypotheses  have  dealt  rather  with  the  mechanism  than 
with  the  intimate  and  essential  cause  of  tumour-growth.  Innumerable 
attempts  have  been  made  to  demonstrate  the  presence  of  some  organ- 
ismal  cause  for  the  disease,  and,  as  a  result,  numerous  "  cancer-parasites  " 
have  from  time  to  time  been  described,  but  none  of  these  has  had  its 
claim  as  a  causal  agenl  established.     Of  these  "cancer-parasites"  may 

1  Cathcart,   "1  bial  .similarity  of  Innocent  and  Malignant  Tumours," 

London  :  Simpkin,  Marshall,  Hamilton,  Kent  &  Co.,  1907. 
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be  mentioned  various  bacteria,  Russell's  "  fuchsin-bodies,"  yeasts,  and 
supposed  "  protozoa."  Many  of  these  alleged  parasites  have  been  shewn 
to  be  merely  cell-inclusions  or  degeneration-products,  while  others  have 
been  proved  to  be  associated  bodies  without  any  relation  to  the  aetiology 
of  the  disease.  It  must,  however,  be  recognised  that  lesions  very  similar 
to  tumour-growth  are  caused  by  known  parasites,  e.  g.  the  papuliferous 
cysts  produced  in  the  livers  of  rabbits  by  Coccidium  oviforme ;  and 
therefore,  although  the  present  tendency  is  to  abandon  the  parasitic 
hypothesis  of  tumour-growth,  and  to  look  for  the  ultimate  cause  of  the 
disease  in  the  potentialities — "  embryonic  "  or  otherwise — of  the  cell  itself, 
our  knowledge  both  of  tumours  and  of  pathogenetic  parasitic  organisms  is 
much  too  meagre  and  imperfect  to  make  such  a  sweeping  assertion  as 
that  such  a  parasitic  hypothesis  is  an  impossible  one.  The  non-discovery 
of  an  organism  is  not  by  any  means  a  proof  that  it  does  not  exist ;  and 
even  the  failure  to  reproduce  the  vast  majority  of  tumours  in  the  same 
species  of  animals  does  not  disprove  the  possibility  of  the  organismal 
hypothesis ;  for  it  is  quite  possible  that,  in  addition  to  other  factors,  a 
specially  acquired  susceptibility  on  the  part  of  the  animal  may  be  required 
before  the  tumour  can  grow  in  its  tissues.  Gay  lord  *  reports  the  endemic 
occurrence  of  tumours  in  small  animals,  e.g.  rats,  kept  in  cages  pre- 
viously used  by  Loeb  for  the  confinement  of  rats  which  he  had  inoculated 
with  what  he  believed  to  be  a  true  spindle-celled  sarcoma,  and  not  an 
infective  granuloma,  as  was  thought  by  other  authorities.  Gaylord  and 
Borrel  also  report  a  similar  occurrence  with  adeno-carcinoma  in  mice. 
Fibiger,2  of  Copenhagen,  reports  that  he  has  been  successful  in  experi- 
mentally inducing  the  growth  of  a  squamous-celled  carcinoma  in  the 
stomach  of  rats.  It  was  observed  that  there  was  a  high  incidence  of 
this  disease  among  rats  in  a  certain  factory  also  infested  with  cock- 
roaches. These  cockroaches  harboured  a  nematode  worm,  to  which 
Fibiger  gives  the  name  Spiroptera  neoplastica  (or  Gongylonema  neo- 
plasticum).  By  feeding  rats  upon  infected  cockroaches,  or  upon  the 
nematode  larvae  obtained  from  the  muscles  of  these,  or  by  injecting  the 
larvae  directly  into  the  rat's  stomach,  he  states  that  he  was  able  to 
produce  chronic  inflammation,  papillomatosis,  and  squamous-celled  car- 
cinoma. Malignant  disease  was  not  present  in  rats  dying  within  a 
month  of  inoculation ;  but,  of  102  animals  which  survived  for  45  to 
298  days,  54  were  reported  to  shew  typical  squamous-celled  cancer  in 
the  gastric  cul-de-sac — the  remaining  48  rats  exhibiting  only  chronic 
inflammatory  changes  and  simple  epithelial  proliferation.  He  describes 
the  occurrence  of  pulmonary  metastases  in  6  of  33  tumour-infected  rats 
in  which  the  lungs  were  examined.  He  states  that  he  has  produced 
carcinoma  of  the  stomach  in  89  rats,  and  carcinoma  of  the  tongue  in  5.      If 

1  Gaylord,  "  Evidences  that  Infected  Cages  are  the  Source  of  Spontaneous 
Cancer  developing  among  small  Caged  Animals,"  British  Medical  Journal,  London, 
Dec.  1,  1906,  p.  1555. 

2  Fibiger,  "  Comptes  rendus  de  la  Societe  de  Biologie,"  vol.  lxxxiii.  No.  10.  See 
British  Medical  Journal,  1913,  vol.  i.  p.  400;  and  May  15,  1920,  p.  680. 
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his  work  on  the  production  of  this  "'  nem£tode-cancer '"  is  confirmed,  it  will 

matter  of  great  importance,  as  it  will  constitute  the  first  instance 
of  the  successful  experimental  production  of  malignant  disease  de  novo. 
Butlio  1  has  published  a  series  of  cases  in  which  he  is  of  opinion  that 
auto  inoculation  has  occurred  by  the  direct  contact  of  one  part  of  the  body 
with  another  pari  which  is  the  seat  of  malignant  disease,  e.g.  the  opposite 
sides  of  the  vulva,  larynx,  the  upper  and  lower  lips,  etc.  He  thinks  that 
such  cases  ■"  are  too  many  and  too  constant  in  the  circumstances  of  their 
occurrence  to  he  explained  on  the  theory  of  coincidence";  and  he 
also  believes  that  cancer  may  be  communicated  to  other  individuals  by 
direct  contact  with  the  ulcerated  surface  of  the  tumour.  Such  contact- 
infection,  granted  that  it  does  occur,  might,  of  course,  be  due  either 
to  the  transference  and  inoculation  of  an  infective  organism,  or  to  direct 
implantation  and  growth  of  actual  tumour-cells. 

GENERAL  CONCLUSIONS  REGARDING  THE  ETIOLOGY 
OF  TUMOURS 

We  thus  have,  as  yet,  no  accurate  information  as  to  the  ultimate 
cause  of  new  growths,  but  it  is  highly  probable  that  all  tumours  are  not 
—a uly  due  to  the  same  cause,  and  one  or  more  of  the  above  aetio- 
logical  factors  may  play  a  part  in  the  causation  of  any  one  given  case. 
Some  morbid  conditions  now  classed  as  tumours  will,  in  all  likelihood, 
be  found  to  be  due  to  as  yet  undiscovered  animal  or  vegetable  parasites. 
S  nne  are  certainly  produced  by  special  and  prolonged  kinds  of  irritation, 
though  this  may  only  predispose  the  tissues  to  invasion  by  a  special 
organism.  Some  tumours,  again,  are  undoubtedly  due  to  the  inclusion 
of  "'  blighted  "  or  aborted  ova  or  their  products,  e.g.  teratomatous  der- 
moids; but  the  part  played  by  germ-cells  in  the  production  of  tumours 
ill  very  doubtful.  Intermingling  of  tissues,  developmentally  or 
otherwise,  also  appears  to  be  a  well-established  cause,  though  it  may 
be  only  a  predisposing  one.  Anaplasia  and  reversion  to  gametogenetic 
tissue  give  us  no  explanation  as  to  the  direct  cause  of  such  a  process. 

RELATIVE  DIFFERENCES  BETWEEN  SIMPLE  AND  MALIGNANT 
TUMOURS.  As  has  already  been  emphasised,  these  differences  are  only 
a  matter  of  degree  :  and,  in  certain  cases,  lying  as  it  were  on  the  border- 
land between  the  two  great  groups,  it  is  sometimes  very  difficult  or  even 
impossible,  from  the  histological  examination  alone,  to  determine  whether 
a  given  tumour  is  or  is  not  malignant.  This  important  fact,  well  recog- 
nised by  every  pathologist,  cannot  be  too  strongly  emphasised;  and, 
fur  the  diagnosis  and  prognosis  of  such  cases,  the  microscopical  and 
naked-eye  characters  of  the  tumour,  the  site  of  origin,  the  rapidity  of 
growth,  and  the  known  proclivities  of  similar  tumours  growing  under 
similar  conditions,  the  age  and  sex  of  the  patient,  and  other  clinical  data 

Butlin,  Addresses  in  Surgery  delivered  before  the  British  Medical  Asso- 
ciation, "On  the  Contagion  of  Cancer  in  Human  Beings:  Auto-inoculation." 
British  Medical  Journal,  London,  Aug.  3,  1907,  p.  255. 
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must  be  carefully  considered.  In  all  such  cases,  therefore,  the  patho- 
logist must  have  at  his  disposal  all  such  relevant  information,  when 
he  is  asked  to  determine  the  malignancy  or  otherwise  of  individual 
tumours,  or  of  tissues  suspected  to  be  neoplastic  in  their  nature.  The 
more  important  points  to  be  attended  to  in  this  connection  may  be 
summarised  as  follows. 

Microscopical  Examination. — In  "  simple  tumours,"  there  is  usually 
a  comparative  simplicity  and  definite  character  in  their  structure,  which 
resembles  more  or  less  approximately  that  of  an  "  adult  "  or  fully- 
developed  tissue.  There  is  absence  of  infiltration  at  the  margin,  and  there 
is  usually,  though  not  always,  definite  encapsulation  of  the  growth  by 
fibrous  tissue  derived  from  the  surrounding  structures ;  and,  in  some  of 
the  simple  adenomata,  each  glandular  acinus  has  a  definite  basement 
membrane.  This  capsule  is  sometimes  entirely  absent,  e.g.  in  certain 
chondromata  and  angiomata.  If  simple  tumours  are  multiple,  as  in  the 
case  of  multiple  uterine  "  fibroids,"  lipomata,  fibro-neuromata,  etc.,  they 
are  usually  all  primary,  i.  e.  are  not  due  to  the  occurrence  of  metastasis. 

In  "  malignant  tumours,"  the  histological  structure  may  be  more 
complex,  for  example,  the  papillomatous  ingrowths  seen  in  some  cysts 
where  the  epithelium  is  very  rapidly  prolif erating ;  but,  on  the  other 
hand,  some  malignant  neoplasms  may  possess  a  comparatively  simple, 
and  some  simple  ones  a  very  complex,  structure.  There  are  usually, 
however,  definite,  and  sometimes  very  marked,  aberrations  in  general 
structure,  size,  shape,  and  type  of  cell  (e.  g.  the  so-called  anaplastic  tend- 
ency already  described),  this  tendency  towards  such  aberrations  being 
more  pronounced  than  in  simple  tumours.  Yet  it  may,  without  other 
information,  be  impossible  to  distinguish  the  cells  of  some  mixed-  and 
spindle-celled  sarcomata  from  those  of  granulation-tissue,  or  the  cells 
of  an  extremely  malignant  lympho-sarcoma  from  those  of  normal  or  of 
hyperplastic  lymphoid  tissue;  and,  similarly,  the  pigmented  cells  of  a 
melanotic  sarcoma  and  of  an  ordinary  simple  pigmented  mole  closely 
resemble  each  other  in  general  character  and  arrangement.  The  occur- 
rence of  infiltration  at  the  margin  of  the  growth  is  extremely  important, 
and  hence  the  phenomena  at  the  junction  cf  tumour  and  surrounding  or 
subjacent  tissues  should  always  be  investigated.  Some  tumours  which 
may  have  little  tendency  to  produce  metastatic  growths  elsewhere,  may 
nevertheless  exhibit  marked  local  malignancy,  and  rapidly  infiltrate  and 
destroy  the  surrounding  tissues,  as  is  the  case  with  some  gliomas  and 
glio-sarcomas,  with  the  majority  of  myelomas,  and  with  the  papillo- 
adenoma  or  villous  tumour  of  the  uterus  of  elderly  women.  And, 
again,  some  malignant  tumours  may  appear  to  be  surrounded  by  a 
definite  fibrous-tissue  capsule,  and  yet  may  give  rise  to  extensive 
secondary  growths. 

The  structural  characters  of  the  blood-vessels  are  often  of  greal 
importance,  for  example  in  the  case  of  sarcomas ;  but  even  here  it  is 
sometimes  difficult  or  often  impossible  to  distinguish,  say,  the  primitive 
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characters  of  the  vessels  of  some  sarcomata  from  those  of  the  simple 
granulation-tissue  seen  in  repair  or  in  some  of  the  infective  granulomatous 
disea 

Naked-eye  Examination. — The  shape  consistence,  and  general  appear- 
ance of  the  tumour  may  give  us  valuable  information  ;   and  the  prea 
or  absence  of  haemorrhages,  necrosis,  umbilication,  ulceration. 
well  as  any  naked-eye  evidence  of  infiltration  and  of  meta  must 

be  noted.  In  some  instances,  the  information  so  obtained  may  be  com- 
pletely negative,  and  yet  the  tumoui  may  ultimately  prove  to  be  in, 
nant  ;  for  example,  it  may  be  impossible,  in  some  cases,  by  naked-eye 
examination  alone,  and  sometimes  even  on  microscopical  investigation, 
to  distinguish  between  "simple"  chronic  hypertrophic  glandular 
"endometritis'5  (or  chronic  glandular  hyperplasia)  and  early  diffuse 
"  malignant  "  adenoma  of  the  endometrium — the  one  condition  gradually 
merging  into  the  other— a  problem  often  equally  difficult  in  the  case 
of  chronic  fibroid  conditions  of  the  breast,  when  accompanied  by  pro- 
liferative changes  in  the  glandular  epithelium.  Our  attention,  therefore, 
must  also  be  directed  towards  the  following  points: — 

The  site  of  origin  and  the  known  proclivities  of  similar  growths  in 
other  previously  observed  cases. — In  some  situations,  the  possible 
malignancy  of  a  tumour  may  be  partly  determined  by  such  factor 
the  amount  of  the  vascular  supply,  or  by  exposure  of  the  part  to  irrita- 
tion, e.g.  in  the  case  of  the  gall-bladder  containing  gall-stones,  the  tongue 
or  lips  from  the  presence  of  a  jagged  tooth,  and  so  on.  Organs  subject 
to  involution  and  analogous  processes,  for  example  the  breast  and  uterus. 
pecially  liable  to  become  the  site  of  malignant  tumours. 
me  malignant  adenomas  of  the  sigmoid  flexure  or  rectum  may  have 
little  tendency  t<»  cause  secondary  growths,  whereas  other  apparently 
precisely  similar  tumours  growing  from  the  stomach  or  duodenum  may 
increase  rapidly  and  give  rise  to  numerous  m<  s.    Thyroid  tumours 

rarely  cause  secondary  growths.  A  slow-growing  tumour  of  the  stomach 
may.  when  it  reaches  and  invades  the  liver,  grow  much  moie  rapidly, 
take  (Mi  a  Bofter  form  of  growth,  and  become  highly  malignant.  Some 
round-celled  sarcomas  are.  when  growing  from  bone,  only  slightly  malig- 
nant, but  when  growing  from  connective  tissue,  e.g.  in  subcutaneous 
tissue,  may  be  bighl;  Secondary  growths  are  rare  in  cystadenomas 

of  the  ovary,  even  though  these  tumours  are  very  complex  in  structure, 
but  they  may  occur,  e.g.  in  the  peritoneum.  Though  myelomas — 
formerly  termed  myeloid  Barcomas  may  invade  the  surrounding  tissues 
locally,  they  do  not.  as  a  rule,  produce  metastases,  though  in  rare  instances 
they  may  be  highly  malignant  and  may  do  so. 

The  rapidity  of  growth  is  also  a  valuable  guide*;   and.  although  some 

malignant  neoplasms  (e.g.  Bcirrhus  cancers)  are  extremely  slow  in  their 

development,  yet,  if  the  tumour  grows  rapidly  and  is  highly  cellular. 

and  it  there  i>  rapid  and  perhaps  aberrant  mitotic  division  and  production 

evidence  is  in  favour  of  nialicnancv. 
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THE  NOMENCLATURE  AND  CLASSIFICATION  OF  TUMOURS 

For  the  complete  and  satisfactory  classification  of  tumours,  further 
knowledge  is  required  as  to  their  ultimate  nature;  and,  until  this  is 
obtained,  our  methods  of  classification  must  needs  be  imperfect  and 
provisional. 

The  classification  of  tumours  into  the  two  groups,  simple  and  malignant, 
though  of  great  importance  clinically,  is  by  no  means  sufficient ;  and, 
as  already  pointed  out,  these  two  groups  are  united  by  a  complete  inter- 
mediate series.  In  the  absence,  therefore,  of  a  classification  based  on 
the  nature  of  the  causal  agents  in  the  formation  and  development  of 
tumours,  the  most  scientific  method  of  dealing  with  the  subject  must  be 
founded  upon  their  histogenesis,  i.  e.  upon  the  nature  of  the  tissue  from 
which  they  spring :  upon  their  histological  characters :  and  perhaps  also 
to  a  certain  extent  upon  any  special  tendency  they  may  exhibit  of 
developing  into  a  definite  variety  of  tissue. 

The  provisional  classification  adopted  by  most  authorities  is  founded 
largely  upon  that  originally  suggested  by  Virchow,  and  is  both  histo- 
genetic  and  embryological  in  its  basis  : — 

1.  TERATOMATA, — Tumours  which  arise  from  the  inclusion  of  one  indi- 

vidual, or  the  germ-cell  or  the  products  of  the  germ-cell  from  which 
that  individual  would  in  ordinary  circumstances  have  been  developed, 
within  the  tissues  of  another  individual  of  the  same  species  (see  p.  272). 1 

2.  HISTIOID   and    ORGANOID    TUMOURS   composed  of  a   single   definite 

tissue,  simple  and  complex  respectively,  as  the  case  may  be,  and  named 
after  the  tissues  from  which  they  arise,  e.  g.  : — 

Histioid — e.  g.  fibroma,  myoma,  chondroma,  etc.,  arising  from  fibrous, 
muscular,  and  cartilaginous  tissues  respectively. 

Organoid — e.g.  adenoma  (containing  epithelium,  connective  tissue, 
blood-vessels,  lymphatics,  etc.),  arising  from  glandular  tissue. 
These  may  be  either  innocent  or  malignant  in  nature. 

3.  PURELY    CELLULAR    TUMOURS— the    sarcomata,    giving   rise    to    no 

definite  fully-formed  tissue,  and  essentially  malignant  in  type. 

Other  pathologists  have  endeavoured  to  divide  tumours  into  : — 

1.  Connective-Tissue  Tumours — including  Virchow's  histioid  or  single-tissue 

tumours  :   and  their  anaplastic  or  atypical  analogues,  the  sarcomas. 

2.  Epithelial   Tumours — including    Virchow's  organoid  tumours  :    and  their 

anaplastic  or  atypical  analogues,  the  carcinomas. 

3.  Teratomas  and  Cysts. 

The  most  complete  and  scientific  classification,  compatible  with  our 
present  knowledge,  is  that  advocated  by  Adami,2  whose  method  we 
therefore  propose  to  adopt  practically  in  its  entirety.3 

1  As  to  the  problem  of  whether  such  tumours  may  he  derived  from  the  germ- 
cells  of  the  individual  himself,  or  from  those  of  another  individual,  tee  pp.  272-3. 

2  Adami,  "  On  the  Classification  of  Tumours,"  Journal  of  Pathology  and 
Bacteriology,  Edin.  and  Lond.,  1903,  vol.  viii.  p.  234. 

3  For  a  full  account  of  Adami's  classification,  see  Appendix  II.,  pp.  xxi. 
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Adami  points  out  that  a  division  of  tumours  into  those  of  connective- 
tissue,  and  those  of  epithelial  and  glandular,  origin  is  insufficient;  and 
that  the  theory  that  these  arose  respectively  from  the  mesoblastic,  and 
from  the  epi-  and  hvpo-blastic,  embryonic  layers,  has  led  to  considerable 
confusion  and  to  the  grouping  together  of  certain  tumours  which  are 
widclv  divergent  from  one  another  in  type.  In  the  course  of  develop- 
ment, each  embi  voniclaver  gives  rise  bothto  covering-  or  lining-membrane- 
tissues  and  to  pulp-tissues.  Adami,  therefore,  divides  the  body-tissues 
into  two  great  groups  : — 

Lepidic  {Xenig,   /.em'dog,   a  rind,  skin  or  membrane) — the  lining- 

membiane  group. 
Hylic   (vXrj,   crude   or    undifferentiated    matter) — the    body-pulp 
group. 
I  !«•  classifies  tumours  or  "  autonomous  neoplasms  "  into  the  two  great 
orders  : — 

TERATOMATA,  or   tumours   composed   of   the  products  of   one 
individual   within  the  tissues  of  another  individual  of  the  same 
Bpecies. 
BLASTOMATA,  or  tumours  composed  of  the  products  of  aberrant 
growth  of  the  cells  and  tissues  of  the  individual  in  whom  they 
developed. 
The  latter,  the   Blastomata,  or  Body-Tissue  Tumours,  he  then  sub- 
divides, according  as  they  arise  from  lepidic  or  from  hylic  tissues,  into 
Lepidomata  and  Hylomata.     He  then  prefixes  these,  according  to  the 
embryonic  layer  from  which  they  arise,  as  follows  : — 
Epi-,  Hypo-,  and  Meso-lepidomata. 
Epi-,  Hypo-,  and  Meso-hylomata. 


Explanation  of  Figure  99. 

T.  /  owing  differentiation  into  L'piblast  and  JJyjcblast. 

II.  £  string  differentiation  into  Epiblast,  Mesoblast,  and   Hypoblast.     Dipping   in   of 

■  form  Neural  Carnal  (N.O.). 

III.  Neural  Canal  (N.O.)  almost  complete.    Differentiation  of  Mesoblast  into  Mesenchyme  (Mes*".)  and 

Formation  of   Catlom  or  Body-Cavity  (B.C.)  in  the  latter,     l'ormatiou  of 
Notochord  (S.  i  in  .in  Hypob 

IV.  Neural  •  feuroblasi  (N.O.),  completely  separated  Cram  surface  epiblael  or  Ectoderm  (Ect.). 

■  ■1    Vascular  Endothelium  (End**"".)  from  Mesenchyme.    Differentiation  of  Mesothelium 

md  lining-layer.    Complete  separation  of  Notochord  (Ned.)  frcm  lining  hypoblast  or 

ion  of  Embryo,  shewing  the  derivation  of  the  bedy-tissues  frcm  the  three 
em;  .  ,,  (modified  from  Adami).1 


Primitive  I 

Lepidic  Tissues. 

Hylic  Tissues. 

Bpil 

Ectoderm     and     derived 
glands  (Bet.). 

Neuroblast  (Nbl«). 

ellnm  lining  body- 
cavity    (H.C.)    and    de- 
rive'! glands. 
Endothelium    lining   ves- 
I  BndUun.), 

Mesenchyme  (Mes*™.). 

Striated  muscle  formed 
from         Mesothelium 
(Mes"0. 

Entoderm     and      derived      Notochord  (Ned.), 
glands  (Knt.). 

1  hoc  cit.,p.  218. 


NEOPLASMS,  TUMOURS,  OR  NEW  GROWTHS    281 


Fig  .  99. — Schemes  to  shew  Embryogenetic  Relationship  of  the  various  body-tissues. 
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According  to  Adami,  Teratomata,  in  their  mode  of  development  and 
characteristics,  follow,  with  variations,  the  lines  laid  down  with  regard 
to  the  Blastomata.  Deciduoma  malignum  (chorio-epithelioma,  placent- 
omaor  syncytioma),  being  now  regarded  by  most  authorities  as  derived 
from  the  foetal,  and  not  from  the  maternal,  part  of  the  placenta,  is  clfl 
among  this  group  of  tumours,  i.  e.  is  looked  upon  as  being  derived  from 
the  cells  of  another  individual  of  the  same  species,  in  this  case  the 
feel 

Adami  demonstrates  that,  in  this  method  of  classification,  the  diffi- 
cult it's  previously  experienced  by  those  endeavouring  to  classify  tumours 
iding  to  their  embryological  origin  are  overcome.     Thus,  gliomata  are 
placed  near  tumours  of  mesenchymatous  tissues,  which  they  so  closely 
ible;    and  adenomata  of  mesoblastic  origin  are  not  isolated  from 
similar  gland-like  tumours  of  epiblastic  and  hypoplastic  origin. 

In  this  classification,  the  terms  "sarcoma"  and  "carcinoma"  are 
used  in  their  original  and  purely  histological  sense,  and  not  as  implying 
that  they  arise  from  mesoblast  and  epiblast  respectively,  i.e.  they  are 
not   employed  with  any  embryogenetic  limitations. 

Another  point  of  importance  illustrated  by  the  above  method  of 
itieation  is  the  fact  that,  in  the  case  of  malignant,  anaplastic,  or 
deal  tumours,  the  earlier  in  development  the  differentiation  of  the 
embryonic  layer  from  which  they  are  derived,  the  less  likely  are  they 
t<>  depart  in  any  way  from  the  type  to  which  they  belong.  Thus  epilepid- 
omata  and  hypolepidomata,  being  derived  from  the  primitive  epiblast 
and  hypoblast  respectively,  always  shew  evidence  of  their  lepidic  origin; 
but  some  of  the  mesolepidomata,  e.g.  certain  mesotheliomata  and  endo- 
theliomata,  are  not  so  definite  in  this  respect,  and  may  exhibit  a  marked 
tendency  to  assume  more  sarcomatous  characters.  This  is  explained 
on  the  ground  that  the  mesenchyme  and  the  mesothelium  from  which 
these  tumours  originate  are  derived  from  the  mesoblast;  and  this  being 
a  less  primitive  differentiation  than  that  into  epi-  and  hypo-blast,  the 
mesenchyme  and  mesothelium  have  their  characteristics,  as  it  were,  less 
firmly  impressed  upon  them,  and  tumours  derived  from  them  are  there- 
fore  liable  to  shew  a  reversion  to  that  more  primitive  type  of  mesoblast 
before  its  differentiation  into  these  two  great  subdivisions. 

It  is  for  this  reason  that  Adami  separates  Lepidomata  into  two  main 
groups  : — 

(i)  Primary  Lepidomata,  including  tumours  derived  from  tissues 
descended  directly  from  the  primitive  epiblast  and  hypoblast. 

(ii)  Secondary  or  Transitional  Lepidomata,  which  include  tissues 
indirectly  descended  from  these  through  the  mesoblast  and  its 
later  different iat ions,  the  mesothelium  and  the  mesenchyme,  and 
which  therefore  possess  the  latent  capacity  of  a  still  further 
reversion. 
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THE    CHEMISTRY  OF  TUMOURS 

The  chemical  examination  of  tumours  affords  an  important  field  of 
work  for  the  future ;  but  we  have  as  yet  little  definite  information  as 
to  the  highly  complicated  chemical  processes  which  occur  in  living  tissues, 
whether  normal  or  abnormal.  A  resume  of  our  present  knowledge  of 
the  subject  is  given  by  Wells  1  in  his  book  on  Chemical  Pathology. 

Only  comparatively  slight  differences  have  so  far  been  discovered 
between  the  chemical  constituents  and  metabolic  products  of  tumours 
and  those  of  normal  tissues.  These  variations  may  be  summarised  as 
follows  : — ■ 

Inorganic  Constituents  :— 

Phosphorus — in  tumours,  as  in  normal  tissues,  is  found  in  quantities 
proportionate  to  the  amount  of  nuclear  material. 

Iron — is  similarly  proportionate  in  quantity  to  the  amount  of  nucleo- 
proteins  and  of  blood.  It  is  therefore  abundant  where  haemorrhages 
have  occurred. 

Potash — is  specially  increased  in  rapidly  growing  tumours,  this  being 
one  of  the  most  important  facts  yet  discovered  in  the  chemistry  of 
tumour-growth.  The  blood  and  tissues  of  persons  suffering  from 
carcinoma  are  said  to  contain  more  potassium  than  normal.  On  the 
other  hand : 

Calcium — is  absent,  or  present  in  only  small  amount,  in  actively 
growing  tumours ;  but  tends  to  be  increased  in  tumours  of  slower 
growth,  more  especially  wThen  degenerative  conditions  are  present. 

The  ratio  of  these  two  elements  in  the  most  rapidly  growing  tumours 
has  been  found  to  be 

Potassium        2  3 

=  -    or    -. 

Calcium  1  2 

Organic  Constituents  : — 

Proteins. — Although  the  results  recorded  by  different  observers  are 
somewhat  contradictory,  the  proteins  of  tumours  and  of  analogous 
normal  tissues  appear  to  be  present  in  about  the  same  proportions  and 
to  be  of  the  same  composition,  their  immunological  reactions  being  also 
practically  identical. 

Nucleo-proteins  are  specially  abundant  in  richly  cellular  tumours, 
especially  cancers. 

Many  of  the  products  of  protein-hydrolysis  (proteolysis)  are  found 
in  tumours,  e.g.  the  amino-acids,  leucine,  tyrosine,  etc.,  and  the  pro- 
ducts of  tumour-metabolism,  whether  normal  or  abnormal,  enter  the 

1  Wells,  Chemical  Pathology,  Philadelphia  and  London,  Saunders  Co.,  third 
edition,  1918,  ch.  xvii.  p.  492.  From  th:s  chapter  most  of  the  information  in  this 
section  is  taken.  We  would  refer  those  interested  in  the  subject  to  the  original 
book,  which  forms  a  valuable  contribution  to  the  literature  of  Pathology.  Full 
references  to  the  original  papers  are  given. 


284  GENERAL  PATHOLOGY 

circulation,    and,   especially   if   in    abnormal   amounts,  may   cause  dis- 
turbances in  the  body.     Some  of  these  may  be  detected  in  the  urine, 
e.g.  melanin-pigment  in  cases  of  melanomatosis :  and  the  "  Bence-J* 
in/'  an  albumose,  or  possibly  a  globulin,  in  myelomatosis, 
sometimes  in  other  tumours  of  bone  (carcinomas,  leukaemia,  and  chlor< 
— a  condition  known  as  "  myelopathic  albumosuria." 

The  melanin-pigment  of  melanotic  sarcomas  appears  to  be  identical 
in  chemical  composition  with  this  pigment  when  found  in  its  normal 
sites. 

With  regard  to  other  organic  constituents,  tumours  frequently  contain 

Bubstances  specially  characteristic  of  the  tissues  from  wrhich  they  arise; 

and  these  Bubstances,  in  most  cases,  shew  no  ascertainable  variation 

bom  those  normally  present  in  the  body.    Thus, in  chemical  composition, 

the  fat  of  a  lipoma  appears  identical  with  that  of  ordinary  adipose  tissue. 

Tumours  arising  from  the  suprarenal  bodies  contain  much  fat,  as  do  these 

themselves;    the  secondary  growths  following  malignant  disease 

of  the  thyroid  gland  contain  iodothyrin,  those  from  the  breast  may  shew 

some  attempt  at  the  secretion  of  milk,  and  so  on.    Where  organs  give 

to  Bpecial   internal  secretions,  tumours  arising  from  these  organs  may 

similarly  produce  them,  a  point  of  some  importance  where  the  original 

I  by  disease  or  removed  by  operation. 

Glycogen. — The  presence  of  this  substance  in  tumours  has  been,  by 
some  writers,  regarded  as  of  great  importance.      Glycogen  is  found  in 

nderable  quantity  in  tumours  arising  from  tissues  normally  rich  in 

it,  e.g.  cartilage,  squamous  epithelium,  striped  muscle,  etc.     It  is  also 

found  in  increased  amount  where  the  nutrition  of  the  part  is  impaired; 

i«l it  ion  which,  however,  is  also  observed  under  similar  circumstances 

in  ordinary  tissues. 

milarly,  no  essential  differences  have  been  found  between  the 
Pentoses,  Purines  and  Purine-Enzymes,  and  Lipins  (Fats  and  Lipoids) 
of  tumours  and  of  the  corresponding  normal  tissues.  For  an  account 
of  the  Enzymes,  etc..  found  in  tumours,  reference  should  be  made  to 
Well i'fl  ( ]hemical  Pathology. 

SPECIFIC  CYTOTOXIC  SERA  IN  MALIGNANT  DISEASE.— Only  a 
partial  degree  of  success  has  attended  the  majority  of  investigations 
on  the  subject  of  immunity  against  cancer.  Many  investigators,  work- 
ing along  lit  d  by  the  results  obtained  in  bacterial  and  other 
parasitic  diseases,  have  studied  the  results  of  experimental  inoculation 
of  animals,  and  have  described  the  pi  of  specific  or  partially  specific 
antibodii  precipitins,  hflsmolysins,  etc.;  but  it  has  not  yet  been 
sufficiently  demonstrated  that  tl  ntially  differ  from  the  analogous 
Bubsl  produced  by  the  injection  of  normal  tissues.  The  result  of 
the  wuik  of  the  various  writers  which  has  been  hitherto  published  is  so 
contradictory  that  further  research  is  required  along  these  lines  before 
any  definite  opinion  can  be  hazarded  on  the  subject. 


CHAPTER  X 
SPECIAL   VARIETIES    OF    TUMOURS 

Though  in  many  instances  the  descriptions  of  typical  and  atypical 
tumours  derived  from  the  same  species  of  tissue  will  more  or  less  overlap, 
and  in  some  respects  it  would  be  more  scientific  to  group  simple  and 
malignant  analogues  (e.g.  the  simple  and  malignant  adenomas  and  so 
on)  together,  in  the  following  pages  the  special  varieties  of  tumour  will, 
for  descriptive  purposes,  be  taken  under  the  following  headings  : — 

A.-BLASTOMATA 

SIMPLE  OR  TYPICAL  HYLOMATA  OR   CONNECTIVE-TISSUE 
TUMOURS  :— 

Fibromas.  Chordomas.  Lymphomas. 

Myxomas.  Osteomas.  Myomas. 

Lipomas.  Odontomas.  Gliomas. 

Chondromas.  Myelomas.  Neuromas. 

MALIGNANT  HYLOMATA,  PULP-TUMOURS  OR  SARCOMATA: 

The  Malignant  Analogues  of  the  above  Simple  Pulp-Tumours 
plus  the  Malignant  Secondary  Meso-  and  Endo-thelial 
Hylomata  in  which  the  lining  character  is  lost. 

(The  Melanomata,  pigmented  tumours  of  doubtful  origin,  will 
also  be  considered  here.) 

SIMPLE  OR  TYPICAL  LEPIDOMATA  OR  RIND-TUMOURS :- 

Adenomas.  Hemangiomas. 

Papillomas.  Lymphangiomas. 

MALIGNANT  OR  ATYPICAL  LEPIDOMATA:— 

Cancers    or    Carcinomas    (including  Epitheliomas,   Malignant 

Adenomas,  etc.). 
Malignant  Endo-,  Meso,-  and  Peri -trichomas,  etc.   (when  the 

lining  character  is  preserved). 

B. — TERATOMATA  (including  placentomas) 
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A.— BLASTOMATA 

THE  SIMPLE  OR  TYPICAL  HYLOMATA  OR  CONNECTIVE-TISSUE 
TUMOURS  (MOSTLY  MESOHYLOMATA) 

FIBROMA.— In  structure,  fibromas  closely  resemble  ordinary  fibrous 
tissue.  They  vary  in  consistence,  not  only  in  the  case  ot  different  individ- 
ual tumours,  but  frequently  also  in  different  parts  of  the  same  tumour. 
Hard  fibromas  are  usually  slow-growing,  and  are  composed  of  dense 
fibrous  tissue  with  few  cells  and  well-developed  fibrils.    Soft  fibromas, 
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ou  the  other  hand,  are  more  cellular  and  less  fibrous,  and  tend  to  grow 
more  rapidly.  All  Intermediate  gradations  between  these,  and  between 
varieties  and  the  sarcomas,  occur.  The  blood-vessels  of 
fibromas  may  be  well  supported  and  possess  definite  walls,  but  they  are 
imt  infrequently  badly  formed,  the  muscular  coat  being  often  specially 
deficient.  The  vessels  may,  in  some  cases,  be  represented  merely  by 
thin-walled,  dilated,  endothelial  spaces,  e.g.  in  fibromas  growing  from 
the  cerebral  membra 

Chronic  inflammatory  thickenings  composed  of  fibrous  tissue,  e.g.  the 
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chronic  irritative  over-growths  often  seen  in  the  capsules  of  certain  organs 
such  as  the  spleen  or  liver,  and  chronic  inflammatory  lesions  in  glandular 
organs,  e.g.  chronic  mastitis,  often  closely  resemble  fibromas  or  fibro- 
adenomas, but  must  be  carefully  distinguished  from  true  tumours. 

Sites. — Fibromas  may  arise  from  connective  tissue  in  any  position, 
but  are  found  specially  in  the  skin  and  subcutaneous  tissue,  fasciae,  and 
such  fibrous  tissues  as  the  dura-mater,  periosteum,  fibrous  septa,  tendons, 
nerve-trunks,  cicatricial  tissue,  and  in  the  stroma  of  some  glandular 
organs,  e.g.  the  kidney  (in  which  the  tumours  are  generally  situated  in 
the  pyramids  1),  uterus,  ovary,  breast,  etc. 


Fig.  101. — Soft  Fibroma,  shewing  young  fibrous  tissue  arranged  in 
irregular  bundles,     x  75. 

Tumours  of  yellow  elastic  tissue  are  practically  unknown,  though  elastic 
fibres  may  be  found  in  some  neoplasms.  These  are  probably,  in  most 
cases,  pre-formed,  though  they  may  be  occasionally  of  new  formation. 

Degenerations  and  metaplastic  changes  are  common,  and  all  inter- 
mediate varieties  between  other  members  of  the  "  pulp-"  tissue  tumours 
of  the  same  series  (mesohylomata)  may  be  found,  especially  fibro-myxomas, 
fibro-myomas,  fibro -sarcomas,  etc. 

Molluscum  fibrosum  (v.  Recklinghausen's  disease)  is  a  peculiar  tumour- 
like process,  sometimes  spoken  of  as  Neurofibromatosis,  affecting  the  fibrous- 
tissue  sheaths  of  cutaneous  nerves,  the  nodules  varying  in  size  from  that  of 
a  pin's  head  or  a  pea  up  to  several  inches  in  diameter.  These  may  affect  the 
distribution  of  a  single,  or  of  many,  cutaneous  nerves,  and  they  may  be  present 

1  Thes3  renal  fibromas  are  supposed  by  some  writers  to  be  due  to  failure  of 
the  c?l's  of  the  organ  to  develop  in  the  area  involved,  and  have  been  therefore 
classified  as  hamartomata  (see  also  p.  917,  Special  Pathology). 
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in  sonic  casus  in  enormous  numbers.  They  may  gradually  invade  the  sur- 
rounding tissues,  and  may  occasionally  attack  the  deeper  nerves.  A  further 
description  of  this  condition  will  be  found  on  p.  1017.  Special  Pathol- 

Plexiform  Neuroma  (or,  more  accurately,  neuro-fibroma),  is  a  somewhat 
analogous  change  affecting  certain  nerves,  especially  those  of  the  head  and 
neck,  in  which  the  neurofibromatosis  is  diffuse,  rather  than  nodular  as  in 
\ .  Recklinghausen's  disease.  The  affected  nerves  become  thickened,  elongated 
and  tortuous,  with  diffuse  fibromatous  over-growth. 

Cheloid  is  a  condition  resulting  from  excessive  reparative  processes, 
and  consists  of  a  fibrous  over-growth  in  the  subcutaneous  tissues.  The  new 
tissue  is  sometimes  very  considerable  in  amount  and  suggests  a  tumour 
composed  of  dense  fibrous  tissue.  Such  conditions  are  occasionally  seen 
as  a  sequel  of  burns. 

MYXOMA  -a  tumour  composed  of  mucoid  or  myxomatous  tissue, 
similar  in  character  to  the  tissue  which,  in  the  foetus,  precedes  the  other 


Fig.  L02.  Myxoma  of  Breast,  shewing  the  characteristic  blanching  cells.  The  walla  of 
the  blood-vessel,  Been  in  section,  aro  deficient  in  muscular  fibres,  and  are  somewhat 
cellular,  there  being  a  condensation  of  tumour  cells  immediately  around  it,  forming 
a  supporting  adventitial  layer.     x250. 

connective  tissues,  and  which  persists  in  the  umbilical  cord.  Such 
tumours  are  usually  soft,  jelly-like  and  translucent,  and  present  great 
variations  in  their  microscopical  appearances.  They  usually  shew  some- 
what rounded  or  irregular,  or  frequently  triangular  or  stellate,  branching 
cells,  whose  processes  form  a  delicate  interlacing  network,  in  the  meshes 
of  which  there  is  a  clear  homogeneous,  granular,  or  sometimes  finely- 
fibrillated,  intercellular  material,  containing  a  large  proportion  of  mucin 
or  some  mucinoid  substance  (fig.  102). 

Pure  myxomas  may  be  found  in  the  subcutaneous    or   submucous 


SPECIAL  VARIETIES   OF  TUMOURS 


289 


tissues,  in  nerve-sheaths  and  elsewhere.  The  "  Hydatidiform  Mole," 
occasionally  found  in  the  uterus  in  place  of  the  normal  products  of  con- 
ception (fig.  103),  is  by  some  authorities  regarded  as  a  myxomatous 
degeneration  of  the  chorionic  villi ;  but  is  rather  to  be  regarded  as  a 
chorionepithelioma  simplex,  i.  e.  the  simple  tumour  corresponding  to 
chorionepithelioma  malignum.  Myxomas  proper  are  rare,  and  many 
tumours  sometimes  classed  as  myxomas,  are  in  reality  fibromas,  lipomas, 
chondromas,  sarcomas,  etc.,  undergoing  mucoid  degeneration  :  a  con- 
dition which  may  also  be  found  in  glandular  tumours,  e.  g.  in  the 
so-called  colloid  cancers,   myxo-adenomas,   etc. 


Fig.  103. — "  Hydatidiform  Mole  "  in  situ,  in  uterus.  There  is  also  seen  in  section  in  this 
specimen  a  small  leiomyoma  embedded  in  the  muscular  wall,  towards  the  fundus. 
(Sheffield  University  Pathological  Museum.) 

Many  so-called  "  mucous  polypi,"  growing  from  the  nasal  or  the 
intestinal  mucous  membranes,  are  in  reality  chronic  inflammatory  over- 
growths and  not  of  the  nature  of  true  tumours;  and  their  polypoidal 
character  results  from  the  traction  exercised  upon  them  by  the  contents 
passing  along  these  channels.  Mucoid  degeneration,  occurring  in  in- 
flammatory and  other  tissues,  should  also  be  differentiated  from  true 
tumour-formation.  It  is  unfortunate  that  the  misleading  term  "  myx- 
omatous "  degeneration  has  been  applied  to  this  condition. 

Though  usually  simple  tumours,  myxomas  are  sometimes  very  diffuse 
and  may  spread  very  widely.  They  seldom  give  rise  to  secondary 
growths ;  and,  when  these  occur,  it  is  extremely  probable  that  the  primary 
19 
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tumour  is  in  reality  some  malignant    neoplasm,  which  has  undergone 
mucoid  degeneration. 

LIPOMA. — Except  that  they  are  usually  rather  paler  in  colour  to  the 
naked  eye,  macro-  and  micro-scopically,  these  resemble  ordinary  adipose 
tissue  in  their  structure  (see  fig.  104),  and  are  probably  the  most  innocent 
and  chronic  variety  of  tumour-growth  known.  They  are  frequently 
multiple,  and  may  grow  from  the  subcutaneous  tissue,  especially  about 
the  neck,  shoulder,  back,  or  buttock:  from  the  extra-peritoneal  fatty 
tissue  omentum,  or  appendices  epiploicae :  or  from  certain  of  the  viscera. 
They  are  occasionally  found  in  or  between  muscles,  in  bone,  and  in 
synovia]  membranes. 


Fiu.  104. 


-Lipoma,  shewing  structure  closely  resembling  that  of 
ordinary  adipose  tissue.     X  60. 


Lipomas  are  usually  very  slow-growing,  and  may  occasionally  attain 
a  large  size.  They  are  usually  surrounded  by  a  delicate  fibrous  capsule, 
which  sends  in  septa  between  the  lobules  of  the  tumour.  They  some- 
appeai  early  in  life.  Transitions  between  lipomas  and  myx- 
omatous and  fibrous  tumours  are  common . 

CHONDROMA. — These  tumours,  composed  of  cartilage,  form  a  some- 
what variable  series,  and  frequently  exhibit  metaplastic  changes.  They 
grow  most  commonly  in  connection  with  the  osseous  system,  e.g.  from  the 
ends  of  long  bones  such  as  the  humerus,  or  elsewhere — and  only  rarely 
from  pre-existing  normal  cartilage,  being  most  frequently  formed  in  the 
substance  of  the  bone,  or  under  the  periosteum.  They  are  said  to  occur 
more  especially  after  rickets,  and  may  be  due  to  new  growth  supervening 
in  islets  or  groups  of  cells,  perhaps  derived  from  epiphyseal  or  other  carti- 
lages which  have  become  isolated  and  enclosed  in  the  growing  bone  during 
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the  abnormal  processes  of  ossification  occurring  in  that  disease.  In  such 
cases  they  are  often  multiple,  and  are  specially  found  growing  from  the 
bones  of  the  hands  and  the  feet. 

Chondromas  often  undergo  incomplete  calcification  or  imperfect 
ossification,  and  exostoses  are  frequently  developed  as  cartilaginous 
tumours,  which  become  ossified  later,  the  ossification  occurring  in  the 
central  part,  and  the  surface  being 
occupied  by  a  layer  of  proliferat- 
ing cartilage.  Such  cartilaginous 
tumours  are  usually  composed  of 
rounded  or  irregular  islets  of  trans- 
lucent or  semi-translucent,  white 
or  bluish- white  hyaline  cartilage, 
separated  and  surrounded  by  a 
framework  of  connective  tissue 
containing  the  nutrient  blood- 
vessels, and  acting  as  a  formative 
perichondrium.  A  gradual  trans- 
ition between  this  connective 
tissue  and  the  fully-formed  carti- 
lage in  the  interior  can  usually  be 
traced.  The  cartilage  cells,  espe- 
cially towards  the  central  parts 
of  the  islets,  frequently  shew 
degenerative  changes,  irregularity 
in  size  and  shape,  myxomatous 
transformation,  etc. ;  whilst  the 
matrix  may  stain  more  faintly 
and  shew  fibrillation  in  these 
central  areas.  This  myxomatous 
change  may  lead  to  such  marked 
softening  as  to  give  rise  to  cavities, 
in  the  so-called  cystic  varieties  of 
chondroma.  Intermediate  forms 
are  common,  e.g.  chondro-lipomas, 
myxo-chondromas,  etc.  Chond- 
romas growing  from  the  carti- 
lages of  the  larynx,  trachea,  ribs, 
etc.  (ecchondromas)  are  very  rare. 

Cartilage  may  also  be  found  in  mixed  tumours  arising  from  certain 
glands,  e.g.  the  testicle,  the  ovary,  the  mammary  gland,  the  parotid  and 
the  submaxillary  glands.  Ordinary  chondromas  shew  little  or  no  tend- 
ency to  become  malignant,  but,  on  the  other  hand,  these  mixed  tumours 
may  be,  and  not  infrequently  are,  malignant.  They  are  usually  of  the 
nature  of  chondro-adenomas  or  chondro-sarcomas,  in  which  myxomatous 
degeneration  is  very  common.     In  the  case  of  such  tumours  in  the  testicle 


Fig.  105. — Chondroma  growing  from  bones 
of  hand. 

(Edinburgh  University  Anatomical  Museum 
Catalogue,  No.  Os.  D.,  p.  6.) 
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and  ovary,  though  Borne  authorities  regard  them  as  due  to  the  inch] 

of  portions  ol  vertebral  cartilages  during  development,  a  more  probable 
explanation  is  that  they  are  in  reality  teratomatous  in  origin.    In  the 

of  the  other  organs  mentioned,  though  a  similar  origin  cannot  be 

definitely  excluded,  portions  of  neighbouring  cartilages — rib,  ear  or  jaw 

-   may    have    become    detached   during   development    and    included    as 

tently  giving  rise  to  tumour-formation.     Areas  of  carti- 

are  not  infrequently  found  in  teratomatous  dermoid  cysts. 

CHORDOMA. — Tumours  bearing  a  somewhat  close  resemblance  to 

chondromas  may   arise  from  the  remains  of  the  notochord  or  chorda 
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lUG. — Chondroma,   showing  irregulai    formation  of   hyaline  cartilage.     The   darker 
•  to  thu  right  of  the  field  18  the  tibrou.s  framework  of  the  tumour,  which  also 

perichondrium,     x^ou. 


a  lis.  Such  chordomas  are  specially  found  about  the  basi-sphenoid 
and  basi-occipital  bones  (i.  e.  the  region  corresponding  to  the  anterior 
end  <>f  the  notochord),  and  in  connection  with  the  intervertebral  discs. 

OSTEOMA.  -Bony  tumours  may  be  composed  of  compact  bone 
osteoma  eburneum  or  ivory  exostosis),  or  of  Bpongy  bone  (osteoma 
spongiosum).  The  former  arc  usually  small,  and  occur  especially  on  the 
outer  or  inner  table  of  the  bones  of  the  skull.  Spongy  osteomas  may 
attain  a  larger  size;  and  often,  especially  where  they  are  multiple, 
original  i  tying  chondroma 

Outgrowths  of  bone  or  exostoses,  when  growing  in  connection  with 
the  attachment  i  f  muscles,  are  sometimes  partly  of  the  nature  of  hyper- 
trophies and  partly  hyperplastic  in  character,  and  it  is  sometimes  difficult 
to  determine  whether  a  given  case  should  be  classified  along  with  these 
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conditions  or  among  true  neoplasms.  Arthur  Keith  now  regards  cases 
of  multiple  exostoses,  especially  where  occurring  in  families,  as  due  to 
"  ephysial  aclasis  "  (see  pp.  248,  264,  266,  and  Special  Pathology,  p.  1046), 
and  is  definitely  of  opinion  that  they  should  no  longer  be  regarded  as 
tumours. 

Chronic  inflammatory  over-growths,  e.g.  the  "  osteophytes  "  of  chronic 
rheumatoid  arthritis  and  chronic  osteo-myelitis,  etc.,  should  not  be 
included  as  tumours.  Occasionally,  bony  tumours — parosteal  exostoses — 
are  found  among  muscles  in  the  neighbourhood  of  bones.  These  may 
arise   from    displaced  osteogen etic  cells  derived   from   the   periosteum. 


Fig.  107. — Myeloma  from  jaw.      The  tumour  consists  of  spindle-cells,  amongst  which  are 
embedded  numerous  large  multinucleated  giant-cells  or  myeloplaxes.      X  300. 


Bony  tumours  arising  in  the  interior  of  a  bone  are  called  enostoses.  These 
may  occur  in  the  interior  of  a  long  bone  or  in  the  bony  sinuses  of  the 
skull,  e.g.  in  the  maxillary  antrum. 

ODONTOMA. — The  term  odontoma  or  dental  osteoma  is  applied  to 
tumours  arising  in  connection  with  the  teeth,  either  from  the  tooth- 
structures  as  a  whole,  or  from  one  of  the  elements,  e.  g.  the  dentine, 
the  enamel,  etc.  They  may,  in  some  cases,  be  due  to  mal -development 
of  the  embryonal  tooth-follicles. 

MYELOMA. — Myelomas  are  usually  simple,  or  comparatively  simple, 
tumours  arising  from  cancellous  bone.  They  were  formerly  described 
as  "  Myeloid  Sarcomas,"  and  were  regarded  as  necessarily  malignant ;  but, 
although  they  may,  and  often  do,  develop  local  malignant  characters, 
they  comparatively  seldom  give  rise  to  metastases.  Such  tumours  are 
commonest  in  adolescents  and  young  adults,  and  are  most  frequently 
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found  in  the  upper  end  of  the  tibia  and  the  lower  end  of  the  femur :  less 
frequently  at  the  lower  end  of  the  radius  and  the  upper  end  of  the  humerus. 
They  mav  also  occur  at  the  proximal  end  of  the  clavicle  and  in  the  lower 
and  upper  jaws  (myeloid  epulis).  Elsewhere  they  are  rare.  In  the  case 
of  the  jaw,  the  tumour  appears  to  grow  from  the  periosteum,  whilst,  as 
already  mentioned,  myelomas  as  a  class  usually  develop  from  the  can- 
cellous tissue  of  the  interior  of  the  bones  from  which  they  grow,  producing 
gradual  absorption  and  expansion  (seefigs.  108, 109).  The  expanded  surface  - 
i  of  bone  may  become  so  thinned,  that  "  egg-shell  crackling  "  may 
be  felt  on  firm  pressure  over  the  tumour.  On  section,  the  tumour  may  be 
white,  or  pinkish-white,  especially  at  the  growing  margins,  the  central  part 

being  usually  mottled  with  dark  red 
or  brownish-red  areas  of  haemorrhage. 
These  appearances  are  certainly  highly 
suggestive  of  those  of  a  malignant 
tumour.  The  amount  of  bone  in  the 
mass  varies  greatly  in  different  speci- 
mens, from  very  open,  spongy  bone 
up  to  practically  complete  absorption, 
with  perhaps  only  a  few  scattered 
spicules  here  and  there. 

Microscopically,  these  tumours  con- 
sist of  a  groundwork  of  more  or  less 
undifferentiated,  oval  or  spindle-shaped 
cells,  very    like    those    of    a    spindle- 
celled     sarcoma,    amongst    which    are 
scattered  the  giant-cells  characteristic 
of  this  tumour.     These  vary  in  number 
and  size  in  different  specimens  and  in 
different    parts  of   the    same  tumour. 
These    "  myeloplaxes "    are    probably 
derived,  not  from  the  megakaryocytes, 
but     from     the     polykaryocytes,     or 
multinucleated  osteoclasts  of  the  bone- 
marrow,    which  th<*y  resemble  in  structure.     They  may  attain  a  very 
size    and   shew    an    enormous   number   of   nuclei    (see   fig.   107). 
These  tumours  are,  therefore,  to  be  regarded  as  growing  from  certain 
of  the  elements  of  the  bone-marrow. 

They  an-  highly  vascular,  the  vessels  being  delicate  and  very  liable 
to  rupture-  hence  the  presence  of  the  haemorrhages  which  are  one  of 
the  characteristics  of  the  tumour.  The  naked-eye  and  microscopical 
alT'  Me  therefore  very  suggestive  of  malignancy,  but,  as  already 

I,  this  is  not    borne  out  by  the   clinical  history  in  the  majority 
ef  cases  (see  p.  *J77). 

LYMPHOMA. — Lymphadenoid  tissue  reacts  with  extreme  readiness 


Myeloma  of  shaft  of  femur. 
I    and     dried    speeimen 
■hewing  oxpanded  BheU  of  bone. 
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in  many  diseases,  more  especially  in  those  of  a  septic  and  infective  nature. 
Thus,  many  chronic  glandular  enlargements  are  produced  by  known 
infective  agents  such  as  the  organisms  of  tuberculosis  or  syphilis ;  others, 
e.  g.  the  enlargement  found  in  Hodgkin's  disease  or  lymphadenoma,  or 
that  in  the  leucocvthaemias,  are  more  obscure  in  their  aetiology.  Between 
some  of  these  enlargements,  especially  certain  of  those  seen  in  the  leuco- 
cvthaemias, and  true  tumour-fcrmation,  it  is  almost  impossible  to 
differentiate,  and  indeed  many  authorities,  with  considerable  justifica- 
tion, now  regard  the  leukaemias  as  diffuse  tumour-formation  affecting 
the  bone-marrow  and  lymphadenoid  tissues. 


A.  B. 

Fig.  109. — Myeloma  of  head  of  tibia. 

A.  Surface  view,  showing  tumour  ulcerating  through  skin-surface. 

B.  An tero -posterior  section,  shewing  large  irregular  malignant  mass,  originating  from 

the  head  of  the  tibia,  and  infiltrating  and  replacing  the  tissues  in  the  upper  part 
of  the  leg.     (From  the  Royal  College  of  Surgeons  Museum,  Edinburgh.) 

True  lymphomatosis  tumours  probably  do  occur,  quite  apart  from 
hyperplasias  and  from  lymphosarcomas .  Such  lymphomas  may  be 
found  in  the  mediastinum,  arising  from  the  thymus  or  from  lymphatic 
glands,  or  in  the  abdomen,  where  they  may  form  large  masses.  Histo- 
logically, they  closely  resemble  normal  lymphoid  tissue,  the  reticulum 
and  endothelium  being  well  developed,  and  the  lymphocytes  being  in 
their  normal  ratio  to  these  constituents.  In  lympho-sarcomas,  on  the 
other  hand,  there  is  an  enormous  increase  in  the  lymphocytes  and  a 
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marked  deficiency  in  the  endothelium  and  reticulum,  these  tumours  being 
practically  small  round-celled  sarcomas  of  very  primitive  type.  Lymphatic 
Leukaemia  is  now  regarded  by  many,  with  whom  we  are  inclined  to  agree, 
Bfl  a  malignant  neoplastic  condition  of  lymphadenoid  tissue,  including 
that  of  the  bone-marrow.     (See  pp.  604  et  seq.,  Special  Pathology.) 

MYOMA. — Tumours  of  muscle  may  originate  either  from  smooth 
or  from  striped  muscular  tissue,  and  are  termed  Leiomyomas  and 
Rhabdomyomas  respectively. 

Leiomyomas  are  very  common,  and  their  principal  site  is  the  uterus, 
where,  though  true  muscle-tumours,  they  have  unfortunately  been  named 
uterine  "  fibroids."     They  are  composed  of  irregular  bundles  and  whorls 


■Leiomyoma  Uteri,  shewing  non-striped  muscular  fibres  running 
in  bundles  cut  in  various  directions.      X200. 


of  non-striped  muscular  fibres,  supported  by  a  varying  amount  of  fibrous- 
tissue  stroma  containing  blood-vessels  (from  the  muscular  coat  of  which 
it  is  believed  by  some  authorities  that  these  tumours  are  derived).  The 
intermingling  of  the  somewhat  translucent  greyish-white  muscle-fibres 
with  the  glistening  white  bundles  of  fibrous  tissue  gives  to  a  section 
of  these  tumours  an  appearance  somewhat  suggesting  that  of  "watered 
silk  "  (figB.  Ill  and  112).  They  are  usually  distinctly  less  vascular  than 
the  muscular  coat  of  the  uterus,  and  are  therefore  slightly  paler  in  colour. 
Thev  may  have  a  pale  pinkish  tint,  especially  if  their  vessels  are  congested. 
mvmuas  of  the  uterus  are  very  frequently  multiple,  and,  in 
many  Buch  cases,  the  whole  or  greater  part  of  the  muscular  coat  of  the 
organ  may  Bhew  a  more  or  less  diffuse  change  of  a  similar  nature— the 
condition  of  myomatosis  uteri. 
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Fig.  111. Large  simple  Leiomyoma  embedded  in  muscular  wall  of  the  fundus  uteri. 

The  specimen  has  been  injected,  and  shews  the  comparatively  poor  blood-supply  of 
the  tumour  as  contrasted  with  the  darker  uterine  muscle,  into  the  numerous  vessels 
of  which  the  injection  has  freely  passed.  (Edin.  Univ.  Museum.  Catalogue,  No. 
Gen. -U.N.  g.  24.) 


Fia.  112. 


■Multiple  Leiomyomata  of  Uterus,  shewing 
on  section. 


watered  silk  "  appearance 
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Leiomyomas  may  also  occur  in  the  ovary,  prostate,  bladder,  aliment- 
ary canal,  and,  more  rarely,  in  the  skin,  originating,  in  the  last-mentioned 
locality,  it  is  said,  from  the  erector  pilse  muscles.  They  have  also  been 
described  as  growing  from  the  muscular  coat  of  subcutaneous  blood-vessels. 

Uterine  myomas  may  occasionally  attain  a  very  large  size  (figs. 
112  and  113).  They  may  be  embedded  in  the  muscular  coat  of 
the  uterus,  or  they  may  project  from  the  outer  or  inner  surface,  and 
they  frequently  become  pedunculated.  If  they  contain  a  large  amount 
of    fibrous    tissue,    they    are    called   fibro-myomas.     Not  infrequently, 


Fig.  ll'3.—Mitlti])le  Lewmyomata  of  Uterus.     Some  have  become  pedunculated. 

the  fibrous  tissue  undergoes  a  species  of  hyaline  degeneration, 
with  swelling  and  confluence  of  the  fibrous  bundles — the  muscular 
tissue,  however,  not  being  affected  by  this  process.  Occasionally, 
sarcomatous  transformation  may  supervene.  (Edema,  dilatation  of 
lymphatic  spaces  (occasionally  a  very  marked  feature),  mucoid,  and 
other  degenerative  changes  are  common,  and  extensive  softening  may 
lead  to  the  production  of  pseudocysts  cavities.  Localised,  or  in  some 
cases  extensive,  necrosis  may  occur,  usually  from  thrombosis  of  the 
vessels— the  commonest  cause  of  the  so-called  "  red  degeneration  "  often 
associated  with  pregnancy.  These  tumours  may  become  calcified,  form- 
ing the  so-called  "  womb-stones."  A  considerable  degree  of  atrophy  may 
occur  in  uterine  myomata  after  the  menopause,  a  phenomenon  which 
lias  induced  some  surgeons  to  treat  such  cases  by  ovariotomy. 
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In  adeno-myomas  of  the  uterus  and  other  organs,  an  admixture  of 
proliferated  gland-tissue  is  mixed  with  the  myomatous  tissue.    When 


Fig.  114. — Rhabdomyoma  from  Wall  of  Kiglit  Auricle  in  a  case  of  Tuberose  Sclerosis, 
shewing  the  edge  of  the  tumour,  which  is  composed  of  loosely-arranged  highly- 
irregular  cells.      X  50. 


Fig.  115. — Rhabdomyoma,  with  cells  shewing  irregular  bundles  and  networks 
of  striated  muscle-fibres.     (From  the  same  case  as  fig.  114.)     X450. 

this  phenomenon  is  more  or  less  diffuse,  e.g.  throughout  the  muscular 
coat  of  the  uterus,  the  condition  is  known  as  Adeno -myomatosis. 

Rhabdomyomas,  or  tumours  of  striped  muscular  tissue,  are  extremely 
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rare,  and  are  usually  "  congenital."  They  may  occur  in  the  kidney  or 
in  the  testicle,  or  some  other  part  of  the  urogenital  system,  and,  though 

ibly  due,  as  some  think,to  the  inclusion  in  these  organs  of  some  fibres 
of  the  lumbar  muscles,  they  are  more  probably  teratomatous  in  origin. 
Rhabdomyomas  are  sometimes  found  in  the  muscles  of  the  lumbar  or 
gluteal,  or,  though  very  rarely,  in  other,  regions.  They  may  also  occur  in 
1  he  myocardium  (see  figs.  114,  115),  and,  in  this  position,  as  well  as  in  the 
kidney  and  elsewhere,  they  may  be  part  of  the  peculiar  multiple  congenital 
"dislocation-tumour  complex"  of  tuberose  sclerosis  (q.v.  p.  988, 
Special  Pathology,  and  cf.  p.  301).    The  muscle-fibres  of  such  tumours 

usually  imperfectly  developed;  the  early  cellular  characteristics  of 
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Fig.  11G. — Glioma  of  Drain,  showing  numerous  branching  cells  rosembling  those  of 
neuroglia.     Several  thin-walled  blood-vessels  aro  seen  in  the  section.     X250. 


developing  tissue  may  be  very  pronounced,  and  the  tumours  can  then 
hardly  be  separated  from  the  sarcomas.  When  mixed  with  cartilage, 
bone,  fat,  etc.,  they  are  most  probably  teratomatous  in  nature. 

GLIOMA. — Neuroglia,  although  of  epiblastic  origin,  is,  as  Adami 
points  out,  a  hylic-  or  pulp-tissue,  and,  consequently,  tumours  arising 
from  it  (epihylomata)  may  be  considered  along  with  the  other  hylomata 
or  pulp-tumours.  Gliomas  may  be  found  in  the  brain,  cord,  and 
retina;  and  may  bo  slow-growing  and  fibrillar,  resembling  ordinary 
neuroglia  in  Btructure,  or  they  may  be  large,  soft,  rapidly  invading, 
malignant  tumours  which  are  highly  cellular,  with  little  or  no  fibril- 
formation;  and  possess  numerous  very  imperfectly  formed  vessels,  from 
which  haemorrhages  are  extremely  liable  to  occur.     Such    glio-sarcomas 
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(following  Adami's  example,  we  use  the  term  "  sarcoma  "  here  without 
any  embryogenetic  significance)  may  attain  a  considerable  size,  infiltrat- 
ing widely,  but  not  usually  tending  to  produce  metastases  in  other 
organs. 

Gliomas  of  the  retina  are  usually  small  in  size.  They  may  be  present 
in  both  eyes,  and  generally  occur  in  young  subjects. 

In  Tuberose  Sclerosis,  a  multiple  congenital  "  dislocation  "  tumour- 
complex  occurring  in  certain  cases  of  congenital  idiocy,  firm  over-growths 
of  neuroglia,  occurring  in  the  cerebral  cortex  and  elsewhere,  constitute 
the  most  characteristic  element.  (See  p.  988,  Special  Pathology,  and 
cf.  p.  300.) 

NEUROMA. — True  neuromata,  i.  e.  new  growths  of  nerve-elements 
proper,  are  extremely  rare,  but  do  occur,  most  commonly  from  the 
medulla  of  the  suprarenal  gland,  and,  less  commonly,  in  the  central 
nervous  system  and  its  prolongations  (retina,  inner  ear,  etc.),  sympathetic 
ganglia  and  plexuses,  and  elsewhere.  Apparently  true  ganglionic 
neuromas,  or  ganglioneuromas,  i.  e.  tumours  containing  nerve-cells, 
have  also  been  described  as  occurring  in  the  skin  in  young  children 
(possibly  originating  from  ganglia  in  the  walls  of  blood-vessels).  In  this 
group  should  not  be  included  "  false  neuromas,"  which  are  in  reality 
fibromas  of  the  nerve-sheaths :  nor  "  amputation-neuromas,"  which  are 
due  to  reparative  processes.  True  neuromas  contain  both  nerve-cells 
and  nerve-fibres,  the  latter  usually  imperfect,  but  sometimes  showing 
medullation.  The  neurocytoma,  another  type  of  nerve-cell  tumour, 
may  occur  in  the  central  and  sympathetic  nervous  systems,  and  is  com- 
posed of  comparatively  undifferentiated  cells,  their  protoplasm  usually 
shewing  the  development  of  an  imperfect  axis-cy Under  process  or  fibril. 
The  fibrils  from  adjacent  cells  become  arranged  either  in  bundles,  or  in 
felted  masses  surrounded  by  the  cells  from  which  they  are  derived — the 
so-called  "  rosettes."  In  the  retina,  congenital  tumours  of  this  nature 
are  to  be  differentiated  from  gliomas,  and  may  show  an  imperfect 
formation  of  rods  and  cones  arranged  in  rings  simulating  a  gland-like 
structure. 

MALIGNANT   HYLOMATA,   PULP-TUMOURS,   OR   SARCOMAS 

The  structure  and  other  general  characters  of  the  sarcomas,  which 
may  be  regarded  as  the  atypical  or  malignant  representatives  of  the 
group  of  tumours  which  has  just  been  considered,  have  already,  to  some 
extent,  been  discussed.  We  may  again  emphasise  the  fact  that  we  do 
not  use  the  term  "  sarcoma  "  in  an  embryogenetic  sense,  i.  e.  we  do  not 
restrict  it  to  the  malignant  meso-hylomata  only,  but  in  this  group  we 
include  all  malignant  or  atypical  hylomata — whether  epi-,  meso-,  or 
hypo-blastic  in  origin. 

Sarcomas  are  pulp-tumours  which  remain  cellular  in  type,  with 
absence,  or  only  slight  and  imperfect  development,  of  definite  tissue 
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Most  of  them  are  mesoblastic  in  origin ;  but  the  glio-sarcomas  are 
epiblastic;  and  the  very  rare  malignant  chordomas  arising  from 
remnants  of  the  notochord  are  hypoblastic  in  origin. 

Classification  of  Sarcomata. — Sarcomas  may  be  classified  according  to — 
i.  The  variety,  size,  and  arrangement  of  cells  present,  e.g.  small  or 

large  round-celled  or  spindle-celled,  mixed,  alveolar,  etc. 
ii.  The  tissue  towards  which  they  tend  to  develop,  usually  very  imper- 
fectly, e.  g.  osteo-,  chonclro-,  lympho-,  fibro-,  myo-sarcoma,  etc. 


Fig.  117. — Sarcoma.     Secondary  nodules  in  liver. 

iii.  The  presence  of  pigment,  e.g.  melanoma  (melanotic  sarcoma). 

iv.  The  presence  of  degenerative  changes,  e.  g.  myxo-sarcoma,  shewing 
myxomatous  change. 

v.  Admixture  with  other  tumours,  e.g.  with  adenomas,  endothelio- 
mas, etc. 

ROUND-  and  SPINDLE-CELLED  SARCOMAS  roughly  correspond 
with  the  stages  to  be  observed  in  the  development  of  ordinary  fibrous 
tissue.    Thus — 

(a)  In  small  round-celled  sarcomas,  the  cells  are  small  and  round, 
with  scanty  protoplasm  and  darkly  staining  nuclei.  The  intercellular 
substance  is  very  scanty,  granular,  or  only  slightly  fibrillated.  The 
blood-vessels  are  numerous,  very  imperfectly  formed,  and  badly  supported. 
The  most  undifferentiated  and  most  malignant  of  this  group  are  the 
lvinpho-sarcomas. 

(6)  In   large   round-celled   sarcomas,  the   cells   have   enlarged,   but 

not  become  elongated  into  spindle-shaped  cells.    The  protoplasm 

is  more  abundant,  and  the  nucleus  stains  less  deeply.     The  intercellular 

substance    shews    rather    more    fibrillation,    the    fibrils    being    rather 

more  abundant  and  greater  in  thickness;   and  the  vessels  are  somewhat 

numerous,  and  distinctly  better  supported. 

(c)  In  small  spindle-celled  sarcomas,  the  cells  have  become  elongated 
and  arranged  in  irregular  bundles,  but  have  otherwise  remained  in  a 
comparatively   primitive  condition.     When  the  cells  are  only  slightly 
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Fig.  118. — Small  Round-celled  Sarcoma  with  thin  walled  blood-vessels.     X  300. 


Fig.  119. — Lymphosarcoma  of  Lung,  a  tumour  composed  of  densely-packed,  small  round 
cells.  Note  the  pre-existing  fibrous  tissue  undergoing  infiltration  by  the  tumour- 
cells.      X  90. 
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Fia.  120. — Large  Round-celled  Sarcoma.     x300. 


FlO.  121.-  Film   of   centrifugalised    deposit  of    Pleural   Fluid    from   a  case  of 
Lymphosarcoma  of  Mediastinal  (Jlands  invading  Lung  and  Fleura.      X  300. 
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Fig.  122. — Small  Spindle -celled  Sarcoma,  shewing  bundles  of  cells  cut 
longitudinally  and  transversely.     X  300. 


Fig.  123. — Large  Spindle-celled  Sarcoma,  shewing  celLs  cut  for  the 
most  part  in  longitudinal  section.     X  300. 
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elongated,  they  are  sometimes  described  as  oat-celled  sarcomas.    There 
may  be  only  very  slight  fibrillation,  and  the  vessels  are  very  imperfect. 

((/)  In  large  spindle-celled  sarcomas,  the  cells  are  arranged  in  bundles, 
the  fibrils  are  more  numerous  and  thicker,  and  the  vessels  may  be  fairly 
well  supported,  i.  e.  the  tumour  is  not  so  rudimentary  or  anaplastic  as 
the  foregoing.  All  intermediate  grades  may  also  be  found  between 
spindle-celled  sarcomas  and  soft  and  hard  fibromas,  the  latter  corre- 
sponding with  fully-formed  connective  tissue.  These  intermediate  fibro- 
sarcomas include  the  so-called  "  recurring  fibroids,"  which  are  tumours 
of  very  slight  malignancy,  whereas  the  small-celled  sarcomas  are  generally 
very  malignant.     It  is  often,  however,  not  possible  to  tell  the  degree  of 


FlO.    1-4. — Mixed-celled  .Sarcoma,  containing  small  and  large  round  cells,  a  few 
spindle-cells,  and  several  small  multinucleated  giant-cells.      X300. 

malignancy  of  sarcomas  from  microscopical  examination  alone,  and  account 
must  also  be  taken  of  theii  site  and  rate  of  growth,  and  the  presence  of 
othei  changes,  e.g.  pigmentation,  as  in  melanotic  sarcoma,  which  is  one 
of  the  most  malignant  tumours  known.  It  is  also  sometimes  a  matter 
difficulty  to  differentiate  certain  sarcomata  from  granulation 
tissue. 

Sites  of  Origin.     These  round-  and  spindle-celled  and  also  mixed  celled 
•mat a   may   arise  from   pulp-tissues  in   almost   any  situation,   but 
dally  from  bone,  fascia,  and  fibrous  membranes. 
Mixed-celled  sarcomas  are  tumours  in  which  several   of  the  above- 
mentioned   variety  of  cell-types  may   occur  together.     They  sometimes 
also  contain  multinucleated  giant-cells  of  various  sizes.     The  intercellular 
fibrillar  material  is  scanty,  and  the  vessels  usually  rudimentary  in  type. 
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Fiu.  125. — Mixed-celled  Sarcoma  of  Head  of  Tibia.     The  growth  is  invading 
the  marrow,  and  shews  mixed  round  and  spindle-shaped  cells.      X  200. 


i'lQ.   126. — Mixed-celled  Sarcoma  of  Head  of  Tibia,  invading  the  Bone-marrow. 
Small  round  and  spindle-shaped  cells  are  both  present.      X  75. 
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MALIGNANT  FORMS  OF  MYELOMA.— The  relatively  "benign" 
character  of  the  majority  of  myelomas  has  already  been  described  on 
]>.  293.  Where  malignancy  occurs,  it  usually  takes  the  form  of  spread 
by  local  infiltration  of  the  surrounding  tissue.  In  certain  instances, 
however,  somewhat  similar  tumours  may  give  rise  to  multiple  metastatic 
growths,  known  as  multiple  myelomas. 

Multiple  Myelomas  or  Myelomatosis. — In  this  condition,  numerous 
reddish  or  pinkish-white  tumours  are  found  in  the  marrow  of  the  bones, 
especially  the  ribs,  vertebrae  and  skull.  They  are  composed  of  rounded 
cells,  possibly  derived  from  the  myelocytes,  though  regarded  by  some 
as  of  the  nature  of  plasma-cells.  They  differ  from  the  ordinary  myeloma 
in  not  possessing  myeloplaxes;  and  they  usually  produce  profound 
ansdmia. 

In  cases  of  myelomatosis,  Bence-Jones  has  described  the  occurrence 
in  the  urine  of  a  protein-substance  which  he  believed  to  be  of  the  nature 
of  an  albumose,  though  some  recent  WTiters  consider  it  allied  to,  or 
identical  with,  the  wTater-soluble  globulin  of  the  blood.  A  similar 
phenomenon  has  been  described  in  certain  cases  of  carcinoma  of  the 
bone-marrow,  in  leukaemia,  and  in  chlorosis. 

MELANOMA. — These  are  tumours  in  which  some  of  the  cells  are 
pigmented  and  contain  melanin,  an  albuminous  pigment  which  is  elabor- 
ated by  the  tumour-cells.  The  presence  of  this  pigment,  the  amount 
of  which  varies  greatly  in  different  cases,  gives  to  these  tumours  their 
typical  sooty,  brownish-black  appearance.  In  some  cases,  the  pigment 
may  be  diffuse,  and,  in  others,  distributed  in  irregular  patches,  the 
remaining  portions  of  the  tumour  being  colourless. 

Simple  Melanomas  are  represented  by  the  pigmented  moles  and 
warts,  and  are  of  very  common  occurrence  in  the  skin.  They  are  con- 
genital in  origin,  and  the  pigment  is  contained  in  large  or  small  spindle- 
shaped  or  irregularly  rounded  cells  with  long  protoplasmic  processes, 
often  intermingled  with  undifferentiated  "  naevoid  "  cells  seen  in  other 
f oinis  of  naevus  (cf.  p.  320). 

The  Malignant  Melanomas  may  arise  from  these  pigmented  moles  or 
warts  in  the  skin,  or  from  the  uveal  tract  of  the  eye  (choroid  and  iris), 
or,  much  more  rarely,  in  the  central  nervous  system,  especially  from  the 
pia  over  the  medulla.  They  are  extremely  malignant,  and  metastases 
may  occur  in  practically  any  and  every  tissue  of  the  body.  Such  second- 
ary spread  appear-  t<>  be  mainly  by  means  of  lymphatics;  and  this  fact, 
her  with  certain  resemblances  which  the  tumour-cells  have  to  cells 
of  epithelial  type,  has  led  to  the  view  held  by  some  pathologists  that 
these  tumours  should  rather  be  classed  as  "  cancers  "  than  as  "  sarcomas," 
but  the  term  melanotic  sarcoma  is  often  applied  to  them,  and,  more- 
the  pigment-cells  are  probably  of  mesenchymal  origin,  and  these 
tumours  may,  provisionally  at  all  events,  be  classified  as  mesenchymal 
hylomas,  and  therefore  fall  within  our  definition  of  the  term  Sarcoma. 
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The  characters  of  the  cells  of  melanotic  sarcomata  vary  very  con- 
siderably. Some  are  pigmented  spindle-celled  tumours  which  may 
originate  from  pigmented  skin-moles.  Others  are  small  round-  or  oval- 
celled  tumours  which  are  extremely  malignant,  and  the  starting-point  of 
which  may  be  the  pigmented  parts  of  the  eye,  or  pigmented  moles  of  the 
skin.  In  other  varieties,  the  cells  may  shew  great  irregularity  in  size,  and 
may  sometimes  be  of  considerable  dimensions.  The  nuclei  are  usually  poor 
in  chromatin,  and  shew  a  very  distinct  nuclear  membrane  and  network. 
The  amount  of  pigment  in  the  cytoplasm  varies  greatly,  from  a  few 
scattered  granules  up  to  granular  masses  completely  obscuring  the  cell- 


Fia.  127. — Malignant  Melanoma  or  Melanotic  Sarcoma. 

Upper  Specimen. — Numerous  secondary  nodules  of  deeply  pigmented  tumour  occurring 

in   omentum.     (Edinburgh  University  Anatomical   Museum.      Catalogue  No.  Al. 

F.  c.  3.) 
Lower  Specimen. — Large   secondary   nodule   in  subcutaneous   tissue.     The   melanotic 

pigment    is  irregularly   distributed,  considerable   areas  of  the  tumour  remaining 

unpigmented.     (Edinburgh  University  Anatomical  Museum.) 


structure.  In  the  variety  arising  from  the  pigmented  nsevusof  the  skin, 
the  cells  may  exhibit  a  somewhat  alveolar  arrangement,  and  occasionally 
they  may  shew  a  "  perithelial  "  type  of  growth  around  the  blood-vessels, 
apparently  owing  to  their  obtaining  a  better  blood-supply  in  that  position, 
the  cells  further  away  undergoing  necrosis  and  disappearing. 

MALIGNANT  MESOTHELIOMA,  ENDOTHELIOMA  AND  PERI- 
THELIOMA.— When  reversion  of  these  tumours  to  pulp-characteristics 
has  occurred,  they  would  naturally  fall  to  be  described  among  the 
Sarcomata.      It  will   be  convenient,  however,  to  consider  them  along 
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with  the  related  tumours  in  which  such  reversion  has  not  occurred,  i.  c. 
under  the  Atypical  Lepidomata,  p.  336. 

CHLOROMA.  This  tumoui  is  one  of  great  rarity  and  is  most  com- 
monly found  in  children,  the  blood  Bhewing  a  condition  resembling  that 
in  lymphatic  leukaemia  (see  p.  G09,  Special  Pathology),  these  two 
conditions  being  now  commonly  regarded  as  neoplastic  changes 
the  leucocyte-forming  elements  of  the  bone-marrow.  Chloroma  usually 
occurs   in  the  form    of   multiple   greenish   or   greyish-green   growths   in 


I  i'..    128. — Osteosarcoma  of  head  of  tibia.     The  dark  areas  are  imperfoctly  forraod 
spicule!  of  bono,  ami  are  embedded  in  a  spindle-celled  tumour.      X300. 

connection  with  the  bones,  especially  in  relation  to  the  periosteum. 
Similar  growths  may  also  occur  in  the  bone-marrow,  kidney,  liver,  skin, 
and  else  where.  The  colour  rapidly  fades  on  exposure  to  the  air,  but 
may  be  temporarily  renewed  by  treating  with  hydrogen  peroxide. 
Microscopically,  these  tumours  resemble  lymphosarcomas  in  structure. 

GLIO-SARCOMA,     OSTEO-SARCOMA,    CHONDROSARCOMA,    and 
MYXO-SARCOMA  have  already  been  briefly  referred   to  when  dealing 
with    the    analogous    simple    tumours,    and    do    not    call    for    further 
nk. 
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LEPIDOMATA   OR   RIND   TUMOURS  : 
SIMPLE   OR   TYPICAL 
AND 
MALIGNANT  OR  ATYPICAL 

(This  group  includes  tumours  such  as  papillomas,  adenomas,  cysts 
or  cystomas,  etc.,  both  typical  and  atypical,  and  also  the  transitional 
lepidomata,  which  still  retain  their  rind  characters,  i.  e.  have  not  reverted 
to  pulp-tumours.) 

SIMPLE  OR  TYPICAL  LEPIDOMATA 

ADENOMAS  OR  TUMOURS  ARISING  FROM  GLANDULAR 
STRUCTURES. — In  some  respects  it  appears  to  be  merely  an  accident  of 
growth,  as  it  were,  whether  the  proliferating  glandular  tissue  forms  a 
papilloma  or  e-vagination,  or  gives  rise  to  an  adenoma  or  in-vagination  of 
the  epithelium.     In  connection  with  all  covering  and  lining  membranes, 


|^p 


Fia.  129. — "  Intracanalicular  Fibro-adenoma"  of  Breast.  It  is  often  a  matt 
difficulty  to  determine,  in  such  tumours,  whether  the  proliferation  of  the 
or  of  the  connective,  tissue  should  be  regarded  as  the  primary  lesion.      X 


great 
glandular, 
80. 


whether  epi-,  meso-,  or  endo-thelial  in  nature,  there  are  certain  structural 
characters  which  must  be  borne  in  mind  in  considering  the  tumours  which 
arise  from  them.  Thus,  in  addition  to  the  essential  and  specific  covering 
or  lining  cells,  such  structures  in  normal  circumstances  also  possess  a  base- 
ment-membrane, supporting  connective-tissue  stroma,  blood-vessels  and 
lymphatics,  derived  from  the  mesoblast.  In  all  true  lepidomata,  the 
lining  or  covering  cells  appear  to  be  the  essential  proliferating  elements 
of  the  tumour,  whilst  proliferation  of  the  supporting  connective  tissue 
and  vessels  is  to  be  regarded  as  a  result  rather  than  as  an  essential  feature 


312 


GENERAL  PATHOLOGY 


of  the  new  growth.  But  it  is  extremely  difficult,  in  certain  instances, 
to  determine  whether  the  primary  over-growth  is  not  one  of  the  sub- 

t  or  surrounding  connective-tissue  elements,  and  the  epithelial 
proliferation  merely,  in  these  special  cases,  a  result  produced  in  order 
to  preserve  the  continuity  of  the  covering  layer  of  cells.  To  avoid  this 
difficulty,  such  tumours,  containing  both  proliferated  epithelium  and 
connective-tissue  stroma,   have  been  classed  together  by  Ribbert  and 

i  writers  under  the  common  term  Fibro-epithelial  Tumours.  We 
shall,  however,  content  ourselves  with  merely  mentioning  this  difficulty, 
and  shall  follow  the  classification  given  by  Adami.     Such  conditions  as 


#Frz* 


Fig.   130.— Complex  Adenoma  of  Breast.     The  acini  are  dilated  and  shew 
numerous  papilliform  ingrowths  or  infoldings.     X  50. 

chronic  inflammatory  over-growths  of  fibrous  tissue  occurring  in  glands, 
and  accompanied  by  irritative  over-growth  of  the  glandular  epithelium, 
(mkIi  as  occ  ases  of  chronic  mastitis,  and  which  often  simulate  a 

fibro-adenoma  in  structure)  must  be  carefully  distinguished  from  true 
lepidomata  —  often  a  .difficult  task  in  individual  instances.  Similarly, 
ic  dilatations,  due  to  the  blocking  of  tubules  or  ducts  by  inflammatory 
products,  or  by  compression  from  without,  must  not  be  confused  with  true 
adenomatous  tumours. 

Histology  of  Adenomata  (including  Cysts) 

Epithelium.- -The  proliferation  of  the  glandular  cells  may,  in  the 
case  of  the  tumour,  lead  to  greater  complexity  of  structure  than  is  found 
in  th<  'and.    Thus,  the  cells  may  be  several  layers  deep  instead 

of  single;    or  papilliform  ingrowths  or  infoldings  may  occur,  especially 
in  c  1  by  rapidly  growing  glandular  cells — though  this  pheno- 
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menon  may  also  occur  in  certain  non-neoplastic  conditions  such  as 
coccidial  cysts.  Alteration  in  the  type  of  cell  is  common ;  for  example, 
flattened  or  low  cubical,  may  replace  columnar,  cells,  or  vice  versa.  The 
individual  cells  may  also  shew  great  variations.  They  may  be  larger 
than  those  of  the  normal  gland,  may  shew  different  staining-reactions, 
alterations  in  their  minute  structure,  e.g.  ciliated  cells  may  lose  their 
cilia,  and  so  on.    Degenerative  changes  are  very  common. 

In  the  case  of  tubular  glands,  the  new  formation  of  acini  usually 
occurs  as  a  process  of  budding  from  the  pre-existing  glandular  tubes. 
In  some  cases,  duct-like  structures  are  the  first  to  appear,  from  which 


Fig.  131. — Compound  Cystic  Ovarian  Adenoma.  Cystic  spaces  lined  by  a  single  layer  of 
columnar  epithelium,  shewing  numerous  papillomatous  ingrowths.  Fibrous-tissue 
stroma.     X  50. 


the  tubules  may  form,  and  then  enlarge  in  size.  In  some  instances,  the 
lumen  may  be  very  imperfect  or  entirely  absent,  as  in  the  scirrhus  and 
encephaloid  forms  of  cancer,  which  are  composed  of  solid  clumps  of  cells 
filling  spaces  surrounded  by  the  fibrous-tissue  stroma.  In  the  case  of  the 
liver,  the  anterior  lobe  of  the  pituitary,  the  suprarenal  cortex,  etc.,  the 
gland-cells  themselves  are  arranged  in  solid  columns  or  masses,  and 
tumours  arising  from  them  usually  show  an  analogous  arrangement. 
In  other  cases — for  example,  in  thyroid,  cystic  ovarian,  parovarian  and 
other  tumours — the  proliferating  cells  may  be  arranged  in  closed  com- 
partments, which  may  become  dilated  and  form  cyst-like  spaces.1  In 
some  cases,  multiple  cysts  may  be  produced  in  this  way,  i.  e.  by  exogenous 

1  For  a  synopsis  of  Varieties  of  Cysts — including  both  those  due  to  tumour- 
growth  and  those  due  to  other  causes — see  Appendix  at  the  end  of  this  chapter 
(p.  344). 
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budding,  or  bv  a  further  process  of  endogenous  formation  within  the  first 

•  as  it  enlarg 

Contents  of  Cystic  Tumours. — These  tumours,  consisting  of  hollow 
closed  spates,  usually  possess  fluid  or  semi-fluid  contents  of  the  nature 
of  a  secretion.  This  secretion  is  generally  not  of  the  normal  type  pro- 
duced  by  the  cells,  and  appeals  to  form  a  necessary  accompaniment  of  the 
growth  of  a  cystic  tumour.  It  may  consist  of  a  fluid  containing  various 
mucin-like  compounds  of  proteins  and  carbohydrates  (see  pp.  48-49); 
or  it  may  become  thick  and  inspissated,  and  undergo  various  physical 
and  chemical  changes,  may  contain  cholesterol,  fatty  crystals,  etc.  In 
other  instances,  the  secretion  may  consist  of  altered  and  desquamated 


ti 


to 


\- 


1  i«).   132. — Compound   Cystic   Ovarian   Adenoma.     Large  tumour  containing 
numerous  cystic  spaces  of  various  sizes. 

their  products — colloid,  mucoid,  fatty  material,  etc.;  and  in 
BOme    cases    it   may    become    calcified. 

Supporting  Structures. — The  stroma  of  adenomas  varies  very  greatly 
in  character.  In  some  tumours,  e.g.  in  the  fibro-adenomas,  it  may  be 
very  firm  and  fibrous  ;  whilst  in  others  it  may  be  soft  and  cellular,  perhaps 
myxomatous,  in  character.  There  is  usually,  but  not  invariably,  a  base- 
ment-membrane in  simple  adenomas;  and  these  tumours  generally  possess 
a  fibrous-tissue  capsule  around  them,  developed  by  a  condensation  of  the 
connective  tissue  of  the  organ  in  which  they  are  growing.  The  blood- 
Is  of  the  Bi  coma  genera]  rule,  well  formed  and  well  supported. 

PAPILLOMA. — Instead  of  being  arranged  in  tubules  as  in  adenomas, 
or  forming  closed  spaces  as  in  cysts,  these  tumours  are  outgrowths  or 
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projections,  consisting  of  a  central  core  of  connective  tissue  containing 
blood-vessels,  lymphatics,  etc.,  and  are  covered  by  epithelial  or  some 
other  form  of  "  lepidic  "  cells.  In  some  cases,  there  may  be  merely  a 
single  polypoid  outgrowth;  in  others,  such  an  outgrowth  may  shew 
branching;  or,  again,  as  in  multiple  or  "  cauliflower"  papillomas,  there 
may  be  innumerable  finger-like  processes  closely  massed  together.  As 
in  the  case  of  some  members  of  the  preceding  group,  it  is  sometimes 
difficult  to  determine  which  of  these  elements — connective-tissue  or  lepidic 
cells — is  the  essential  part  of  the  neoplasm ;  but  probably,  in  the  majority 
of  instances  at  all  events,  it  is  the  latter  that  is  to  be  regarded  as  such. 

Varieties  and  Sites  : — 

i.  Squamous  Papillomata. — These  may  grow  from  the  surface  of  the 


Fia.  133. — Simple  Adenoma  of  Breast.  There  is  considerable  proliferation  of  connective 
tissue  between  the  groups  of  acini.  The  tumour  may  therefore  be  classified  as  a 
fibro-adenoma.     X  50. 

skin,  mouth,  larynx,  pharynx,  oesophagus,  anus,  glans  penis,  cervix  uteri, 
or  vagina,  i.  e.  the  parts  of  the  body  covered  by  squamous  epithelium. 
The  normal  relationship  with  regard  to  the  relative  position  of  epithelium 
to  connective-tissue  core,  and  of  the  various  layers  of  the  epithelium  to 
one  another,  is  maintained.  The  epithelial  layers  covering  a  squamous 
papilloma  are  frequently  much  thickened,  especially  in  the  harder  varieties 
of  this  tumour,  but  otherwise,  there  may  be  only  slight  divergence  in 
the  appearance  of  the  cells  (e.g.  prickle-cells,  etc.)  from  those  of  the 
normal  cuticle.  The  connective-tissue  core  varies  considerably  in  different 
examples.  It  may  be  cellular — perhaps  myxomatous — in  some  cases,  more 
fibrous  in  others ;  and  it  is  usually  highly  vascular,  the  blood-vessels  being 
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frequently  thin-walled  and  somewhat  dilated.     Secondary  in flamma- 
changes,  e.g.  left  filtration,  are  common.      In  certain  specimens, 

the  connective  tj  •    very  closely  resemble  saiv.  -ue. 

Some  Bkin-papillomaa  are  congenital,  whilst  others  may  result  from 
chronic  irritation,  e.g.  in  petroleum-workers.    The  condylomata  and  the 
'*  cauliflower-papillomata  "  sometimes  developed  about  I ; 
in  syphilis  and  gonorrhoea  closely  simulate  b<jui  papillomas,  from 

which,  histologically  at  all  events,  they  cannot  be  distinguished.    'I 


-  Papilloma,  shewing  thickened  skin-epithelium,  covering 
.i  I  ranching  vascular  coniieetive-ti»ue  core.      X  38. 

ult    from   the   irritation   can  the   discharges,   or  may   be 

definitely  infective  in  nature.    The  common  cutaneous  wait — though 

rurally  identical  with  a  papilloma — and   the   condition  known  as 

inolhiMum  contagiosum,  are  probably  due  to  infective  agents  of  as  yet 

unknown  nature. 

ii.  Mucous  Papillomata. — These  may  grow  from  any  mucous  mem- 
brane, but  ;  illy  common  in  the  larynx  and  trachea,  alimentary 

il.  Madder,  pelvis  of  the  kidney,  uterus,  and  in  various  glandular 
ducts.  Polypoidal  growths  occurring  in  the  nose  and  naso-pharynx  are 
also  common,  hut  these,  in  the  majority  of  instances,  are  now  regarded 
by  most  authorities  as  chronic  inflammatory  over-growt Irs,  which  become 
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polypoidal  owing  to  the  traction  of  the  air  passing  backwards  and  for- 
wards over  their  surface.  Similarly,  the  polypoidal  growths  which  are 
very  common  in  the  large  intestine,  especially  above  a  stricture,  may 
be  due  to  irritation  and  to  the  traction  of  the  intestinal  contents.  Polypi 
so  originating,  however,  not  infrequently  become  the  site  of  neoplastic 
transformation.  In  the  case  of  the  bladder,  papillomatous  tumours, 
or  villous  papillomas,  may  be  composed  of  long,  delicate,  branching 


Fig.  135. — Mucous  Papilloma  of  Bladder,  composed  of  long  slender  branching  processes 
with  delicate  vascular  core  covered  by  proliferated  transitional  epithelium — the 
so-called  Villous  Papilloma.     X200. 

processes,  the  softer  varieties  of  which  are  not  unlike  certain  delicate 
seaweeds  in  naked-eye  appearance,  whilst  the  firmer  varieties  have  a 
somewhat  "  cauliflower "  arrangement.  Fragments  of  these  tumours 
may  break  off  readily  and  be  passed  in  the  urine,  giving  rise  to 
intermittent  haematuria.  These  tumours  are  extremely  apt  to  be 
malignant  in  character.  A  somewhat  similar  growth  is  occasionally 
found  in  the  uterus — the  so-called  villous  tumour  of  the  endometrium 
(Bland  Sutton)  or  papuliferous  adenoma.  It  occurs  in  elderly  multipara, 
and  tends  to  invade  the  wall  of  the  uterus  locally,  but  does  not 
rise  to  secondary  growths  elsewhere  (see  fig.  136). 
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iii.  Papillomatous  Ingrowths  from  the  Walls  of  Cystic  Tumours.— 
These  have  been  mentioned  when  dealing  with  cysts  (p.  312). 

As  in  adenomas,  the  cells  of  papillomata  may  shew  considerable 
variations  and  aberrations      They  may  undergo  alterations  in  type  and 


in  arrangement,  etc. 


FlG.  136. — Papuliferous  Adenoma,  or  Villous  Tumour  of  the  Endometrium,  from  a 
nullipara,  aged  54.  The  tumour  shews  long,  slender,  branching  processes,  some- 
what resembling  those  of  the  Villous  Papilloma  of  the  Bladder.  The  tumour  tends 
to  invade  the  wall  of  the  uterus  locally,  but  does  not  give  rise  to  secondary 
metastases.      X  30. 

TYPICAL   TRANSITIONAL   LEPIDOMATA 
OR   SIMPLE   ENDO-   AND    MESO-THELIAL   TUMOURS 

(arising  from  Vascular  and  Serous  Endothelium) 

Tumours  arising  from  blood-vascular  or  lymph-vascular  endothel- 
ium, from  serous  membranes,  and  certain  other  endothelial  structures, 
are  classified,  according  to  Ad  ami,  as  transitional  lepidomata,  i.  e.  they 
are  derived  from  rind-tissues  which  are  themselves  in  turn  derived 
from  pulp-tissues.  Such  tumours  may,  therefore,  retain  their  lining- 
membrane  character,  as  in  the  simple  tumours  derived  from  vascular 
endothelium;  but,  on  the  other  hand,  they  may  revert  to  the  more 
primitive  characters  of  pulp-tumours,  and  so  come  to  resemble  sarcomas. 

ANGIOMA.1 — Tumours  composed  of  vascular  tissue  may  arise  from 

1  It  is  convenient  to  describe  the  various  forms  of  "  Angioma  "  here,  but  it 
most  be  borne  in  mind,  that,  in  certain  of  these— for  example,  in  some  of  the 
Brnoua  angii  mas— the  presence  of  an  endothelial  lining  is  denied 
by  some  writers,  many  of  whom  now  regard  such  structures  as  being  not  of  the 
nature  of  true  tumours.  In  other  instances,  the  vascular  tissue  may  be  merely 
one  of  the  elements  present  in  compound  or  histioid  tumours. 
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blood-vessels  (hemangiomas),  or  from  lymphatics  (lymphangiomas), 
the  endothelial  lining  of  these  being  apparently  the  essential  constituent 
of  such  tumours — although,  as  already  explained  on  p.  311,  supporting 
and  other  tissues  usually  accompany  the  lepidic  endothelium ;  and  pro- 
liferation of  the  muscular  coat  of  arteries  or  veins  may  also  occur  in  some 
instances.  The  endothelial  cells  may  remain  in  a  single  layer,  but, 
in  some  cases,  they  may  proliferate  to  form  two  or  more  layers,  and 
occasionally  there  may  be  a  distinct  perithelial  type  of  growth.  In 
certain  rare  cases,  the  cells  may  proliferate  to  form  papillomatous  in- 
growths projecting  into  the  cavities,  a  process  analogous  to  that  occur- 


FiG.   137. — "Cavernous  hcemangiotna"  on  surface  of  liver,  shewing   vascular 
spaces  surrounded  by  connective-tissue  stroma.     X  28. 

ring  in  some  adenomas  and  cysts.  Thrombosis,  and  the  processes  which 
follow  it,  may  occur  in  the  blood-  or  lymph-contents  of  the  vascular 
spaces.  Both  varieties  of  angiomata  are  usually  "  congenital  "  in  origin. 
Hemangiomas,  or  Angiomas  as  these  tumours  are  usually  desig- 
nated, may  be  composed  of  proliferated  and  dilated  vessels — arteries, 
veins,  or  capillaries,  as  the  case  may  be — and  are  then  known  as  plexi- 
form  angiomas;  or  they  may  be  composed  of  irregular  intercommunicat- 
ing spaces,  the  cavernous  angiomas.  All  gradations  between  these  two 
forms  occur.  The  commonest  variety  of  plexiform  angioma,  the  so- 
called  congenital  vascular  naevus,  or  "  birth-mark,"  is  formed  of  dilated, 
thin- walled  capillaries  or  veins.     Its  commonest  situation  is  the  skin. 
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One  very  characteristic   \  of  angioma  occurs  as  a  projecting, 

rounded,  red  or  bluish-red,  pulsatile  mass,  usually  situated  on  the  scalp, 
and  from  which  haemorrhage  from  ulceration  or  injury  is  extremely  liable 
to  occur.  It  is  congenital  in  origin;  and,  histologically,  such  a  tumour 
may  be  composed  of  dilated  endothelial  capillary  spaces,  or  of 
imperfectly  formed  vessels  resembling  thin-walled  veins.  The  various 
forms  of  "  naevi,"  whether  blood-  or  lymph-vascular,  usually  shew  a 
groundwork  of  closely  packed  more  or  less  undifferentiated  "  naevoid  " 
cells,  which  are  regarded  by  some  as  the  essential  component  of  such 
tumours,  a  view  which  has  much  to  be  said  in  its  favour. 


Fig.  138. — "Cavernous  Hcemangioma"  of  liver,  shewing  thin-walled  vascular  spaces  lined 
apparently  with  endothelium,  and  rilled  with  blood.  Liver-tissue  is  seen  at  lower 
part  of  section.      X250. 


Arterial,  Circoid  or  Racemose  Angiomas  are  less  common,  and  are 
usually  found  as  congenital  tumours  about  the  scalp. 

Cavernous  Angiomas — so  called — are  somewhat  commoner  than  the 
going  varieties.  They  may  be  found  in  the  skin  or  subcutaneous 
m  the  membranes  of  the  brain,  and  sometimes  in,  or  on  the 
surface  of,  the  internal  organs,  especially  immediately  under  the  capsule  of 
the  liver.  By  some  authorities  these  are  regarded  as  fibromas  containing 
dilated  intercommunicating  vascular  channels;  whilst  others  are  inclined 
to  deny  that  they  are  of  the  nature  of  true  tumours,  considering  them 
rather  as  dilatations  of  normal  blood-spaces,  or  channels  occurring  in 
areas  in  which  the  ordinary  cells  of  the  part  have  failed  to  develop,  the 
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term  "hamartoma"  having  been  coined  to  designate  such  a  supposed 
"  failure-tumour."  It  is  sometimes  difficult  to  determine  whether  some 
cavernous  angiomas  do  or  do  not  possess  an  endothelial  lining,  or  whether 
the  spaces  are  lined  directly  by  connective  tissue.  Some  writers  describe 
cavernous  angiomas  as  a  variety  of  venous  hemangioma,  the  partitions 
between  the  spaces  being  regarded  as  being  derived  from,  or  having  the 
same  structure  as,  the  valves  in  veins. 

Certain  mixed  vascular  tumours,  e.g.  those  originating  from  the 
pituitary  and  pineal  bodies,  or  from  the  suprarenal,  parotid,  etc.,  are 
probably  due  to   embryonic  intermingling.     The   haemangio-sarcomata 

> 
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Fig.  139. — Lymphangioma  from  subcutaneous  tissue  of  arm,  shewing 
irregular  spaces  containing  lymph  and  lymphocytes.      X  60. 

sometimes  observed  in  the  parotid,  in  bone,  or,  more  rarely,  in  the  sub- 
cutaneous tissues,  have  probably  a  similar  origin. 

Lymphangioma. — As  in  the  case  of  blood-vessels,  mere  dilatation  and 
varicosity  must  be  differentiated  from  true  tumour-growth.  Thus,  the 
lymph-angiectatic  swellings  due  to  the  presence  of  Filar ia  bancrofti, 
and  the  retention-cysts  so  frequently  seen  in  the  lacteals  of  the  intestine 
and  mesentery,  must  be  excluded.  It  is  very  doubtful  whether  the 
diffuse  congenital  enlargement  of  the  lymphatics  of  the  tongue  (macro- 
glossia)  or  of  the  lip  (macrocheilia)  should  be  included  as  tumours.  True 
lymphangiomas  are  probably  always  "  congenital,"  and  are  usually  of 
the  cavernous  variety.  They  may  be  found  in  the  skin  and  subcutane- 
ous tissue,  especially  of  the  neck  and  face  (e.g.  as  the  so-called  cystic 
hygroma),  or,  more  rarely,  in  the  ovary  or  in  the  hilus  of  the  kidney. 
21 
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pf    for  the   fact    that    they  contain   lymph  in    place  of   blood,  these 
tumours  closely  resemble  the  analogous  blood-vascular  tumours. 


SIMPLE  MESOTHELIOMATA  AND  ENDOTHELIOMATA  ARISING 
FROM   SEROUS   MEMBRANES 

These  tumours  are  comparatively  rare.  They  may  originate  from 
any  serous  membrane,  but  are  specially  found  in  connection  with  the  dura 
and  pia — in  the  latter,  especially  around  the  pituitary.  They  may  retain 
their  rind-characters  and  form  adenoma-  or  papilloma-like  growths,  but 
they  are  very  liable  to  revert  to  pulp-tumours  and  become  malignant. 

Papilloma-like  projections  are  not  uncommon  in  other  serous  membranes, 
e.g.  from  the  peritoneum,  especially  in  cases  of  chronic  ascites;  or  from  synov- 
ial membranes,  from  which  they  may  become  detached  to  form  the  so-called 
k"  loose  bodies  ?'  sometimes  found  in  joints.  In  most  instances,  these  are 
probably  infective,  not  neoplastic,  in  nature,  e.g.  the  finger-like  processes 
arising  from  the  synovial  membranes  in  rheumatoid  arthritis.  Similarly, 
in  old  "  healed  "  tuberculous  peritonitis,  long,  free-hanging,  thread-like  pro- 
jections from  the  peritoneum  are  not  infrequently  found,  often  with  a  rounded 
nodule  of  tuberculous  granulation-tissue  at  their  extremity — their  infective 
and  non-neoplastic  nature  being  thus  demonstrated. 

MALIGNANT  OR  ATYPICAL  PRIMARY  AND  SECONDARY 
LEPIDOMATA 
(CANCERS   OR  CARCINOMATA) 

The  essential  element  of  tumours  of  this  group  appears  to  be  the 
proliferating  epithelial  cells,  which  "invade"  or  "infiltrate"  the  sub- 
jacent or  surrounding  tissues.  The  stroma,  or  supporting  connective- 
ti  sue  framework  and  vessels  of  the  tumour,  are  either  those  of  the  part 
invaded,  or  are  formed  by  proliferation  of  these.  The  epithelium  may 
shew  some,  and  frequently  very  marked,  deviation  from  the  original 
type  in  character  or  in  arrangement.  Thus,  in  scirrhus  cancers,  the 
original  glandular  arrangement  is  largely  lost,  and  the  cells  form  solid 
groups  <>r  masses  lying  in  spaces  surrounded  by  dense  proliferated  con- 
nective tissue.  Further,  aberrations  in  the  size,  as  well  as  in  the  type, 
of  the  cells  are  common,  as  are  also  various  degenerative  changes  of  a 
colloid,  mucoid,  or  fatty  nature.  Mucoid  ("  myxomatous")  degeneration 
may  occur  in  the  stroma.  On  the  other  hand,  the  proliferated  epithelial 
cells  may  frequently  retain— though  often  very  imperfectly — -certain 
of  their  original  characteristics:  for  example,  the  arrangement  in 
acini  in  the  case  of  malignant  adenomata,  the  presence  of  M  prickle-cells  " 
in  Bquamous  epitheliomata,  and  so  on. 

Method  of  Growth.  —As  in  the  f  the  preceding  group,  cancers 

may  form  excrescences  and  papillomatous  outgrowths  on  a  surface,  or 
rounded  or  Irregular  nodules  in  the  substance  of  the  tissues.     These  points 
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have  been  sufficiently  dealt  with  in  the  chapter  upon  the  general  character- 
istics of  tumours;  and  it  need  only  be  added  that  cancers  may  spread 
locally,  mainly  by  infiltrating  lymph-spaces  and  lymphatics;  or  may 
form  metastases  in  distant  parts,  this  spread  occurring  chiefly  by  way 
of  the  lymphatics,  but  also,  in  some  cases,  by  the  blood-stream. 

VARIETIES   OF  CANCER 
(A)  SQUAMOUS-CELLED  CARCINOMA  OR  SQUAMOUS  EPITHELIOMA 

These  grow  from  the  following  situations  : — 

i.  From  the  skin-surface,  especially  about   the  lips,  anus,  scrotum, 
penis,  sites  of  old  scars,  etc. 


Fig.  140. — Squamous-celled  Carcinoma  of  Lip,  shewing  ulceration  of  the  irregular  warty  - 
looking  tumour,  with  raised  indurated  edges.  (Edinburgh  University  Anatomical 
Museum.     Catalogue,  No.  T.C.  a.  6.) 

ii.  From  mucous  membranes  covered  by  stratified  squamous  epithel- 
ium, e.g.  mouth,  pharynx,  larynx,  oesophagus,  vagina  and 
vaginal  portion  of  cervix  uteri :  or  by  transitional  squamous 
epithelium,  e.g.  bladder,  ureters  and  pelvis  of  kidney. 

iii.  From  the  remains  of  the  obliterated  thyroglossai  duct,  in  some 
primary  epitheliomata  of  the  thyroid,  and  from  Hassall's 
corpuscles  in  the  thymus. 

The  proliferating  squamous  cells  of  the  skin-epithelium  seem  capable 
of  growing  wherever  they  can  get  nutriment,  e.  g.  in  lymphatics ;  and 
there  may  be  very  little  connective-tissue  formation.  As  the  cells  grow, 
they  tend  to  form  layers  corresponding  more  or  less  with  those  of  skin- 
epithelium.  Towards  the  central  parts  of  the  cellular  masses,  they  may 
become  compressed  and  flattened,  and  undergo  horny  degeneration  or 
cornification,  giving  rise  to  the  so-called  "  cell-nest "  appearance,  the 
peripheral  cells  corresponding  to  the  deeper,  more  actively  proliferating, 
formative  layer  of  epithelium,  and  the  central  cells  corresponding  to 
the  ordinary  superficial  layer — the  stratum  corneum.  Sometimes,  how- 
ever, cornification  does  not  occur  to  any  great  extent.     As  the  masses 
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grow,  they  infiltrate  and  compress  tin'  other  1  bhey  the  also 

undergoing  degeneration   very  readily.    The  connective  between 

the  masses  may  be  fibre-cellular,  and  may  shew  Leucocyte-infiltration, 
and  often  a  considerable  degree  of  vascularity. 

In  the  process  of  infiltration  by  such  a  tumour,  the  normal  relation- 
ship of  the  different  layers  is  reversed,  the  condition  being  an  invasion 
of  the  deeper  by  the  more  superficial  elements — in  contradistinction  to 
what  occurs  in  the  outgrowth  of  a  simple  squamous  papilloma,  in  which 
surface  structures  remain  upon  the  surface,  the  normal  relationship  being 
preserved. 
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ed  Carcinoma  of  Penis,  Bhewing  infiltration  of  the  deeper  tu 
irith  Bquamoui  epitheJinm,  which  at  parts  shews  the  characteristic  "oell-neflt" 
arrangement.     X50. 


RODENT  ULCER. -This  epithelial  tumour  which  is  most  commonly 
situated  about  the  upper  part  of  the  face,  has  a  certain  resemblance  in 
its   histological   structure   to   the   epitheliomata.    Irregular   papilla-like 
of  epithelial  cells  are  seen  downwards  in  various  directions 

through   the  cutis  and   subcutaneous  tissues.     The  cells  are  cylindrical 
in  type,  and  usually  stain  deeply.     They  are  generally  smaller  than  those 

of  epitheliomata,  and  are  not  bo  clearly  separated  into  distinct  la;. 
There  is  no  tendency  to  oornification  or  to  the  formation  of  cell-in 
and  there  is  no  sufficient  evidence  as  to  the  epithelium  from  which  they 
-some  authorities,  however,  holding  that  they  arise  from  that 
of  the  sebaceous  -lands.    They  have  also  been  described  as  originating 
bom  the  hair-follicles,  and  from  the  d<  i  formative  layer  of  the 

stratum  Malpighii.  from  which  the  closely  allied  basal-celled  epithelioma 
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Fig.  142. — Squamous  EpitJielioma.  Secondary  nodule  in  a  lymphatic  gland,  shewing 
reproduction  of  characters  of  the  original  tumour,  including  "  cell-nests,"  etc. 
X60. 


Fio.  143. — Rodent  Ulcer  of  Eyelid,  shewing  papilliform  down-growths  of  epithelium 
infiltrating  the  deeper  tissues.  (Towards  the  right  are  seen  several  normal  sebaceous 
gland9.)     x  25. 


IP 


PlO.   144. — Rodent  Ulcer.     High-power  view,  shewing  character  and 
arrangement  of  the  epithelial  cells.     X  200. 


i 


L46      5  I   /  .   iht&ioma    from   Bkin   <>f  forehead.    This  form   ol  tumour  is 

!v  allied  histologically  t<»  Rodent  Ulcer,1  but  does  not  undergo  ulceration. 
•■!!-  do  not  develop  into  adult  BQuamoiu  cellfl,  and  ,k  cell-nests  "  are  not  formed. 

X75. 

1  Compare  with  fig.  144. 
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(see  fig.  145)  appears  to  be  derived.  The  epithelium  of  the  sweat- 
glands  is  probably  the  most  usual,  but  not  the  exclusive,  site  of  origin 
of  rodent  ulcers.  They  always  occur  near  the  surface,  and  ulceration  is 
very  common.     There  is  no  tendency  to  metastases. 


(B)  GLANDULAR  CARCINOMAS  OR  GLANDULAR  CANCERS 

The  various  glands  of  the  body  may  be  roughly  divided  into  groups 
in  which  the  epithelium  is  arranged  in  : — 

i.  Ducts,  tubules  and  acini  :  the  salivary  and  mucous  glands,  breast, 

kidney,  etc. 
ii.  Cyst-like  spaces  :   the  thyroid, 
iii.  Solid  masses,  columns,  etc.  :  the  suprarenal  cortex,  etc. 
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Fig.  146. — Schematic  representation  of  the  varieties  of  cancer  which  may  arise  from 
the  epithelium  of  a  tubular  gland. 

A.  Transverse  section  of  Normal  Gland- Acinus  consisting  of  regular  epithelium  upon 

a  basement-membrane,  surrounded  by  a  connective-tissue  stroma  containing 
nutrient  vessels.  This  may  give  rise  to  any  of  the  following  types  of  new 
growth : 

B.  Malignant  Adenoma,  with  irregularity  in  shape  of  acini,  the  lumen  of  which  persists. 

Absence  of  basement-membrane.  Irritation  giving  rise  to  proliferative  over- 
growth, etc.,  of  stroma. 

C.  Scirrhus  or  Hard  Cancer,  in  which  solid  clumps  of  cells  are  formed,  and  give  rise 

to  dense  fibrous-tissue  over-growth. 

D.  Encephaloid  or  Soft  Cancer,  which  may  arise  directly,  or  may  supervene  upon  the 

harder  variety,  the  two  resembling  one  another  in  being  composed  of  solid 
clumps  of  cells. 

E.  Colloid  Cancer,  which  may  arise  directly  from    the  normal  gland- type,  or  may 

supervene  upon  any  of  the  other  forms. 
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iv.  Intermediate  and  combined  forms  :  - 

Cell-masses  or  columns  plus  ducts  :   sweat-glands,  liver,  etc. 
Cell-masses  plus  cyst-like  spaces:  anterior  lobe  of  the  pituitary. 

Ducts,  tubules  and  acini  plus  solid  "  Islands  "  of  interstitial 
cells  :    pancreas,  testicle,  etc. 

Thus,  in  considering  the  various  types  of  tumour  which  may  arise 

from  a  riven  glandular  organ  or  structure,  account  must  be  taken  of 
tbe  normal  arrangement  of  its  component  tissues,  and  also  from  which 
of  these  tissues  the  tumour  arises,  as  the  new  growth  may  tend, 
perhaps  mure  or  less  imperfectly,  to  reproduce  such  structures.  In 
other  cases,  the  deviation  is  so  marked  that  the  original  type  of 
gland-structure  may  be  completely  lost.  In  order  to  study  these 
phenomena,  it  will  be  convenient  to  take  as  an  example  the 
ordinary  acinar  gland,  and  to  consider  the  changes  which  may  occur 
in    the    tumours     which     u"n 
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from  it.  These  tumours  may  retain 
some  of  the  general  glandular  ar- 
rangement, e.  g.  acinar  or  duct-like 
spaces,  as  in  malignant  adenoma; 
or  the  cells  may  form  solid  masses 
among  the  fibrous  tissue,  without 
definite  arrangement,  as  in  the  spher- 
oidal-celled scirrhus  and  encephaloid 
varieties ;  or  they  may  shew  abnor- 
malities in  size,  structure  etc.,  as  in 
encephaloid  cancer,  or  degenerative 
changes  as  in  colloid  cancer.  (See 
fig.  146.) 

VARIETIES   OF   GLANDULAR 
CANCER 

1.  COLUMNAR-CELLED  CAR- 
CINOMA, MALIGNANT  ADENOMA, 
or  ADENO-CARCINOMA  (also 
called  Adenoid  Cancer,  Duct-Cancer, 
imnar-celled  Epitheliomas),  where 
the  genera]  glandular  arrangement  of 
the  epithelium  in  acinar  spaces,  etc.. 
is  preserved.  In  the  case  of  malig- 
nant adenomas  arising  from  glandular 
is  which  do  not  \  B  tubular 

Btructnre  (e.g.  the  livei  from  the  bile-ducts),  the  arrangement 

of  epithelium  characteristic  of  the  gland  may  be  reproduced,  usually  in  a 
more  or  less  aberrant  fashion.  This  is  well  illustrated  in  the  case  of 
primary  malignant  adenomas  of  the   liver  or  "  liver-celled  cancers,"  in 


<'4 


gnani  Adenoma  of  the 
1  u  ge  intestine  producing  groat 
narrowing  the  no-called  Malignant 
8tricture.  Note  dilatation,  hyper- 
trophy ami  ulceration  above,  and 
atrophy  below,  the  Beat  of  Btricturo. 
I  Sdinourgh  I  uiv<  rritv  Anatomical 
Ifu  •  italogue,  No.   Al.    K.  1 
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Fig.  148. — Primary  Malignant  Adenoma  of  Liver  or  Liver-ceiled  Cancer,  in  which 
the  epithelial  cells  are  arranged  in  irregular  columns  resembling  those  of  the  liver 
(see  fig.  149). 


Fig.  149. — Primary  Livcr-ce.lltd  Cancert  shewing  irregular  columns  of  large  cells,  more  or 
less  resembling  those  of  the  liver,  but  with  aberrations  in  size,  appearance  of  the 
nucleus,  etc.     x  100. 
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Fta.   160. — Maligtkmi  Adenoma.     Primary  growth  in  large  intestine.     Towards  the  right 

•  be  norma]  mucous,  submucous,  and  muscular  coats  of  the  bowel.  Towards 
the  left  are  tin-  large,  irregular  tube  like  acini  of  the  new  growth,  lined  by  large 
dark-staining  columnar  epithelium.  Infiltration  of  the  submucous  and  muscular 
coats  at  the  spreading  margin  is  Been,     x  10. 


FlO.   151.    -Malianant    Adenoma.     Secondary  nodule  in  liver  (primary  growth  was  in 
large     nt>  -hews   infiltration    of   normal    tissth  rgin   and    absence   of 

ilation.    The  liver-tissue  (in  the  lower    part  of  the  section)  shews  some  fatty 
infiltration.     x50. 
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the  uterine 
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which  the  epithelial  cells  are  arranged  in  irregular  columns,  though  an 
anaplastic  tendency  to  the  development  of  an  acinar  structure  may 
occur  in  some  cases. 

Sites. — The  intestine,  and,  more  rarely    the  stomach 
mucous  membrane :    the  ducts  of  acinar  glands, 
such  as  the   breast,  salivary    glands,    pancreas, 
bile-ducts,  etc.,  etc. 

Microscopical  Structure. — The  cells  are  ar- 
ranged in  alveoli  or  tubes,  often  very  irregular 
in  shape  and  size,  lined  by  columnar,  or  in 
some  cases  cubical,  epithelium— usually  arranged 
in  a  single  layer,  though  several,  and  in  some 
instances  many,  layers  may  develop.  In  some 
malignant  adenomas,  certain  of  the  acini  may 
become  closed  and  give  rise  to  cystic  dilatations, 
and  these  in  turn  may  shew  papillomatous  in- 
growths. The  stroma  generally  consists  of  delicate 
connective  tissue,  which  is  often  very  cellular, 
and  may  exhibit  the  variations  and  degenerative 
changes  common  to  all  cancers. 

The  histological  distinctions  between  malignant 
and  simple  adenomata  are  often  difficult  to  deter- 
mine and  only  relative.  In  malignant  cases,  there 
is  usually  (i)  infiltration  at  the  margins,  and  absence 
of  a  definite  capsule;  (ii)  deficiency  or  complete 
absence  of  the  basement-membrane;  and 
(iii)  evidence  of  increased  activity  in  cell-division, 
and  greater  aberrations  in  the  size  and  shape  of 
the  cells  and  cell-groups.  The  acini  are  often 
larger  than  they  are  in  simple  adenomata,  and 
tend  to  be  elongated  and  distorted,  boring  their 
way,  as  it  were,  along  the  lymphatic  spaces  and  fig.  152 
between  the  other  tissue -elements. 

2.  SPHEROIDAL-CELLED  SCIRRHUS 
CARCINOMA,  SCIRRHUS  or  HARD  CANCER  — 
The  density  of  these  tumours  is  due  to  the  slow- 
ness of  their  growth,  and  to  the  great  irritation 
in  the  surrounding  tissues  produced  by  the  cells, 
and  the  consequent  production  of  a  dense  fibrous 
stroma  (figs.  153  and  155). 

Sites. — These  tumours  are  specially  common  in 
the  mammary  gland,  and  may  also  be  found  in  the  stomach  (especially  at  the 
pylorus),  intestine,  ovary,  testicle,  prostate,  kidneys,  salivary  glands,  etc. 

Microscopical    Structure.— The  cells   lose  their  acinar  arrangement, 
and  are  found  in  solid  masses  or  clumps,  varying  greatly  in  size  and 


■Scirrhus  Tumovr 
of  Breast,  shewing  dense 
bands  of  tumour-growth 
radiating  from  the  nipple, 
which  is  retracted.  The 
specimen  has  been  treated 
with  nitric  acid  (Sti)os' 
method),  the  tumour 
being  stained  dark,  whilst 
the  normal  fat  remains 
pale  in  colour.  (Edin. 
Univ.  Anat.  Mus.,  Cata- 
logue, No.  Gen.-U.R.  f. 
iv.  10.) 
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shape,  and  surrounded  by  a  dense  fibrous-tissue  stroma,  which  may 
Bible  that  of  cicatricial  tissue,  with  perhaps  here  and  there  some- 
what more  cellular  areas,  and  anas  Bhewing  "  small-celled  infiltration  " 
with  lymphocyte-like  cells.  Occasionally,  there  may  be  an  abortive 
attempt  at  the  formation  of  a  lumen  in  some  of  the  cell-masses.  In 
individual  tumours,  e.g.  in  those  occurring  in  the  breast,  the  condition 
of  Bcirrhuei  cancel  very  frequently  supervenes  upon  so-called  chronic 
fibroid  mastitis  and  iibro-adenoma,  the  transition  being  often  clearly 
demonstrable  microscopically.  Frequently,  also,  in  a  single  specimen, 
diiTerent  areas  may  exhibit  the  characters  of  malignant  adenoma,  scirrhus 


FlO.   153. — Scirrhus  Cancer  of  Rr<n*>.  shewing  the  (-lumps  of  cells 
amongst  dense  fibrous  tissue.      ; 

and  encephaloid  cancer,  and  all  intermediate  or  transition-stages  between 

the- 

:\.  SPHEROIDAL-CELLED  ENCEPHALOID  CARCINOMA  or  SOFT 
CANCER.   -In  this  variety  of  tumour,  growth  is  more  rapid. 

Mies.— These  tumours  are  found  specially  at  the  cardiac  end  of  the 
Btomach,  and  in  other  parts  <>1  the  digestive  tract,  in  the  breast,  pancreas, 
and  other  glandular  organs. 

Microscopical  Structure.  —In  general  structure,  these  tumours  resemble 
scirrhus  cancers,  but  t  he  cell-groups  tend  to  be  considerably  larger,  and  the 
cells  usually  shew  great  variety  in  shape  and  size,  being  often  large,  and 
exhibiting  a  marked  tendency  to  degeneration.  Cell-proliferation  in  these 
usually  extremely  rapid,  and  numerous  mitotic  figures  are 
very  frequently  to  be  observed,  especially  at  the  spreading  edges.  These 
mitotic  figures  are  sometimes  abnormal  in  character,  and  may  shew,  for 
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Fig.  154. — Scirrhus  or  Hard  Cancer  of  Intestine,  producing  obstruction  of  lumen. 
(Royal  College  of  Surgeons  Museum,  Edin.) 


Fig.  155. — Scirrhus  Cancer  of  Breast,  shewing  solid  massos  of  colls  among  dense  fibrous 
tissue.  (The  clear  spaces  are  artefacts  due  to  shrinking  and  retraction  during 
embedding.)     X200. 


334 


GENERAL   PATHOLOGY 


example,  multipolar  division,  inequality  in  the  number  oi  chroi 

in  the  daughter-nuclei,  etc.  (see  pp.  L6  and  17).  The  tumour-colls  are 
often  very  actively  phagocytic,  and  may  englobe  leucocytes,  red  blood- 
corpuscles,  and  other  cells,  in  great  numbers  (fig.  98). 

As  noted  above   in  the  section  on  Scirrhus  Cancer,  all  intermediate 

•  <■>  between  hard  and  soft  cancers  may  be  found.     In  an  individual 

tumour,  variations  in  consistence  may  also  occur  in  different  areas;   and. 

infrequently,  the  secondary  growths  derived  from  a  scirrhufl  may 


I  Tumour-cells  in   Lymphatic  Gland,  lecondary  to  Mammary  Scirrhus  Cancer. 

These  cella  are  larger  than  those  in  the  primary  growth  in  the  breast.     x200. 

produce  distinctly  softer  growths  in  other  organs  and  tissues.  Similarly, 
an  admixture  of  these  forms  and  malignant  adenoma  may  occur. 

1.  COLLOID  CANCER.-  So  named  from  the  tendency  of  the  cells  to 
Undergo  rapid  colloid  degeneration. 

Sites.-  Stomach,  intestines,  mammary  gland,  and  other  situations 
in  which  encephaloid  cancers  and  malignant  adenomata  are  found.  Wide- 
Spread  secondary  involvement  of  the  peritoneum  or  pleura  may  occur  in 
such  cat 

Microscopical  Structure. — Colloid  degeneration  may  supervene  on  any 
of  the  other  types  of  cancer,  especially  the  encephaloid,  and  some  of  the 
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Fig.  157. — Encephaloid  Cancer.     Secondary  nodules  in  liver.     The  large  nodule 

shews  central  necrosis. 


V 


o% 


v.  -  .  .*■ 


Fio.  158. — Encephaloid  or  Soft  Cancer,  shewing  larger  spaces  and  looser 
arrangement  than  in  scirrhus.     x200. 
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malignant    adenomatous,    varieties.    The    structure,   ii 
depends  upon  the  nature  of  the  original  tumour  in  which  the  eh. 
has  occurred,  though,  in  som<  the  process  of  colloid  transformation 

may  be  |  from  the  first,  or,  at  all  events, may  supervei  mely 

early.  Colloid  cancers  usually  present  large  spaces  which  may  be  lined 
by  a  layer  of  cells  undergoing  the  colloid  change;  or  the  degenerating 
cells  may  be  scattered  irregularly  throughout  the  colloid  material  filling 
the  spaces.  These  spaces  arc  [(Mined  in  the  loose,  often  oedemat 
fibrous  tissue,  and  contain  the  colloid  material  formed  by  the  breaking 
down  of  the  epithelial  cells,  the  degenerating  remains  of  which  may 
usually  be  seen  scattered  among  it. 

5.  Certain  rare  forms  of  tumour  sometimes  described  as  carcinomas,  such 

Melanotic  Cancer  "  (e.  g,  growing  from  skin,  the  pigment  being  generally 

situated  in  the  stroma),  "  Telangiectatic  "  or  "  Vessel-dilatation  Cancers, "' 

may  perhaps  be  more  accurately  included  among  the  Secondary  Lepidomata, 

to  which  allusion  is  made  on  pp.  282  and  xxv. 

MALIGNANT  ENDOTHELIOMA  {see  p.  309). 


ATYPICAL  TRANSITIONAL  LEPIDOMATA 
OR   MALIGNANT  ENDO-   AND    MESO-THELIAL   TUMOURS 

(arising  from  Vascular  and  Serous  Endothelium) 

MALIGNANT  MESOTHELIOMA,  ENDOTHELIOMA,  and  PERI- 
THELIOMA.— These  malignant  analogues  of  the  simple  tumours  described 
in  the  foregoing  section  may  conveniently  be  described  here  instead  of 
amoi  arcomas,  where  they  would  naturally  come  {see  p.  309).     As 

already  explained,  such  tumours,  when  malignant,  are  histologically  more 
allied  to  the  cancers;  but  in  them  a  still  further  reversion  may  readily 
occur,  and  they  may  take  on  the  characters  of  pulp-tumours.  Atypical 
mesotheliomata,  i.  e.  malignant  tumours  of  this  group  arising  from  serous 
membranes,  e.g.  dura  and  pia,  peritoneum,  pleura,  tunica  vaginalis,  etc.; 
endotheliomata,  arising  from  the  endothelium  of  blood-vessels  or  lymph- 
atics; and  peritheliomata — a  sub- variety  of  the  latter  arising  from  the 
endothelium  of  peri-vascular  lymphatics  may  shew  an  "alveolar"  or 
evm  an  acinus-like  arrangement,  suggesting  the  structure  of  a  glandular 
whilst,  in  other  specimens,  and  sometimes  even  in  different  parts 

of  the  same  tumour,  a  typically  sarcomatous  arrangement  of  the  cellular 

and  intercellular  elements  may    be   seen.     These    variations    have   given 

to  many   rather  cumbrous   and  quite  unnecessary  names,  such  as 

" cylindroma,"  "carcinoma  sarcomatode  ma  caranomatodes," 

"  alveolar,"  and  >-  plexiform  "  Barcoma,  etc.,  under  which  terms  members 

of  this  group  have,  in  the  past,  been  variously  described. 

In  this  group  may  also  be  included  the  rare  Angio-sarcoma,  a  new 
growth  of  blood-vessels  which  retain  their  primitive  characters,  and  the 
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Fig.  159. — Mesothelioma  {''Endothelioma")  of  Lung.  Groups  of  endothelial  cells  in- 
vading the  pre-existing  tissue.  A  necrotic  area  is  seen  at  the  upper  right  corner. 
X  100. 


Fig.  1G0. — Mesothelioma  ('*  Endothelioma  ")  of  Lung.     Large  malignant  tumour 

infiltrating  and  destroying  the  lung-tissue. 

22 
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Fm.  161.— Muothdioma  [u  Endothelioma  ")  of  Lung.     Masses  of  tumour-celh 
in  pleural  fluid.      >  -a. 


•    'J    .- 


Fio.  102.     Mtscite  Endothelioma ")  of  Lung.     Mmbm  of  tumour-cella 

in  pleural  fluid.      x3U0. 
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endothelium  of  which  may  be  several  layers  deep,  and  often  shewing  an 
endogenous  process  of  proliferation  by  budding. 

The  Angiolithic  Sarcomas,  or  so-called  psammomas,  or  brain-sand 
tumours,  growing  from  the  membranes  of  the  brain  and  cord,  and 
from  the  pineal  body  and  choroid  plexuses,  are  also  members  of  this 
group.  In  structure,  they  exhibit  concentric  layers  of  somewhat  flat- 
tened cells,  with,  in  the  centre  of  each  group,  a  hard,  rounded,  calcified, 
sand-like  particle.  The  latter  is  not  the  essential  or  most  important 
feature  of  these  growths,  but  is,  as  it  were,  an  accidental  result  of  the 
degeneration  of  the  central  parts  of  the  nests  of  cells  which  are  formed 
around  the  small  blood-vessels  by  these  flattened,  concentrically-arranged 
layers  of  endothelial  cells. 

SARCOMATOUS  TRANSFORMATION  IN  "  CANCERS  " 

Formerly,  a  very  definite  separation  was  made  between  the  malignant  hylic 
and  lepidic  tumours,  or  what  were  more  or  less  empirically  called  the  "  sarc- 
omata," and  the  "  carcinomata  "  ;  and,  though  this  distinction,  for  purposes 
of  classification,  may  still  be  maintained,  it  must  be  recognised  that  certain 
tumours  which  are  classed  among  the  sarcomata  show  a  histological  structure 
resembling  that  of  the  "  carcinomata  " ;  and  further,  and  more  important, 
certain  experimental  evidence  seems  to  indicate  that  one  type  may  be  arti- 
ficially transformed  into  the  other.  Thus,  Apolant  and  Ehrlich,1  Bashford 
and  Murray,  Russell  and  other  workers,  on  making  a  long  series  of  consecutive 
transplantations  of  "  carcinomata  "  in  mice,  found  that  the  character  of 
the  tumours  gradually  became  changed.  In  one  case,  an  "  alveolar 
adeno-carcinoma,"  at  the  tenth  sub-inoculation,  began  to  shew  numerous 
actively  growing  spindle-cells  of  sarcomatous  type.  On  further  sub-inocula- 
tions, the  "  carcinomatous  "  cells  were  progressively  replaced  by  these  spindle- 
cells,  and,  at  the  fourteenth  generation,  the  tumour  had  apparently  become  a 
pure  sarcoma,  a  character  which  was  thenceforth  preserved  on  subsequent 
inoculations,  the  experiment  being  carried  as  far  as  the  fortieth  generation. 
Analogous  results  were  obtained  in  two  other  series  of  inoculations,  in  one  of 
which  the  tumour  became  practically  a  pure  sarcoma  after  the  sixty-ninth 
generation.  Apolant  also  found  that  this  sarcomatous  transformation  may 
be  aided  by  heating  the  inoculation-material  at  44°  C.  for  varying  periods, 
the  development  of  the  inoculated  tumour-cells  being  at  the  same  time  much 
delayed.  In  Russell's  2  case,  this  change  is  described  as  the  acquirement 
of  neoplastic  properties  by  what  were  previously  normal  connective-tissue  cells 
of  the  stroma  of  the  tumour — a  "  hsemorrhagic  adeno-carcinoma  "  of  the 
mamma  of  the  mouse — the  factor  determining  the  malignant  transformation 
appearing  to  be  the  continuous  growth  of  the  epithelial  cells  in  one  animal 
over  a  long  period,  usually  about  fifty-five  days.  Once  the  sarcomatous 
change  is  initiated,  it  tends  to  the  entire  elimination  of  the  "  carcinomatous  " 
element,  and  the  resulting  tissue  can  then  be  propagated  indefinitely  as  a 
pure  sarcoma.  By  shortening  the  duration  of  growth  in  each  animal,  it  is 
possible  to  maintain  the  propagation  of  pure  carcinoma,  and  he  also  concludes 
that  the  epithelial  cells  of  this  particular  tumour,  when  inoculated  into  a  fresh 
host,  can  induce  a  neoplastic  transformation  of  the  connective  tissue  of  that 
host. 

1  Apolant  and  Ehrlich,  Berl.  Jclin.  Wchnschr.,  Jan.  8,  1906. 

2  Sarcoma  development  occurring  during  the  propagation  of  a  hemorrhagic 
adeno-carcinoma  of  the  mamma  of  the  mouse.  Journal  of  Patholojy  and  Back  n*« 
ology,  1910,  xiv.  p.  345. 
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I  i,  IQ3.— Endothelioma  of  Brain,  similar  to  the  specimen  shewn  in  fig.  159.  _  The 
tumour-colls  arc  actively  phagocytic,  and  contain  digestive  vacuoles  and  cell-inclu- 
sions.     X  75. 
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Sarcoma  or  Psammoma  of  dura-mater.  Concentric  "nests"  of 
oelk,  constituting  probably  a  variety  of  perithelioma.  Sections  of  vessels  may  be 
Men  ni  Bome  of  tho  smaller  cell-groups.      X2(X). 
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In  estimating  the  importance  of  these  observations,  one  would  have  to 
be  assured  that  these  "  mammary  adeno-carcinomata  "  were  not  transitional 
lepidomata  originating  elsewhere  in  the  body  of  the  mouse,  with  a  secondary 
growth  in  the  position  of  the  breast,  with  reversion  to  hylic  characters.  There 
is  nothing,  however,  in  the  descriptions  given  by  the  authors  of  these  observa- 
tions to  suggest  this  explanation,  the  epithelial  and  connective-tissue  com- 
ponents of  the  tumours  appearing  to  be  distinct  from  one  another. 

EXPERIMENTAL  IMMUNITY  IN  RELATION  TO  CANCER 

It  was,  at  one  time,  thought  that  the  treatment  of  cancer  by  artificially 
produced  cytotoxins  obtained  by  the  inoculation  of  animals  with  cancer-cells 
might  be  possible.  The  results  of  investigation  in  this  direction  have,  however, 
been  disappointing,  owing  to  the  fact  that  cancer-tissue  will  grow  continuously 
only  in  animals  of  the  same  species,  and  the  proteins  of  cancer-tissue  and  of 
body-tissue  of  the  same  species  are  apparently  too  closely  akin  for  differential 
therapeutic  sera  to  be  produced. 
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B.— TERATOMATA 

(Including  Placentoma) 

and 
TERATOID    TUMOURS 

The  Teratomata  have  been  defined  above  as  tumours  which  arise 
from  the  inclusion  and  continued  development  of  one  individual  (or  the 
germ-cell  or  the  products  of  the  germ-cell  from  which  that  individual 
would  in  ordinary  circumstances  have  been  developed)  within  the  tissues 
of  another  individual  of  the  same  species — though  an  alternative  possi- 
bility, which  cannot  be  excluded,  is  that  such  a  tumour  may  be  derived 
from  one  of  the  early  cells  originating  from  the  proliferation  of  an  ovum 
and  included  in  the  developing  tissues  of  the  individual  derived  from 
that,  i.  e.  t he  same,  ovum.  The  former  hypothesis  has  most  evidence  to 
support  it,  but  it  is  possible  that  both  methods  may  hold  in  different 

mces.  Such  tumours  may  vary  from  the  teratomatous  "dermoid 
"  composed  of  little  but  ectodermic  structures,  e.g.  skin-epithelium, 
sebaceous  and  sweat-glands,  hair,  teeth,  etc. — or,  in  other  cases,  in 
addition  to  these  structures,  bones,  cartilage,  muscle,  nerves,  and  even 
rudimentary  viscera,  etc. — up  to  the  fcelus  infeetu  of  Meckel.  The  nature 
of  these  has  already  been  discussed  on  pp.  272-3. 

TERATOID  TUMOURS.— Along  with  the  above  may  be  taken  certain 
mixed  tumours  arising  from  inclusions  of  still  imperfectly  differentiated 
portions  of  the  same  embryo  (e.g.  developmental  segments,  or  portions 
of  segments,  such  as  the  so-called  "  myotonies,"  etc.,  derived  from  the 
developing  and  differentiating  mesoblast)  in  abnormal  situations.  This 
is  a  possible  explanation  of  the  mixed  cartilaginous  tumours  (chondro- 
sarcoma, mvxo-chondro-adenoma,  etc.)  occurring  in  the  parotid,  sub- 
maxillary, kidney  and  other  portions  of  the  genito-urinary  system,  and 
elsewhere.  Such  tumours  may  contain,  not  only  cartilage  and  gland- 
like tissue,  but  also  bone,  muscle,  etc. 

PLACENTOMA,  CHORION-EPITHELIOMA,  DECIDUOMA  or  SYN- 
CYTIOM A  MALIGNUM  or  CHORIONIC  CARCINOMA,  is  a  form  of  tumour 
which  stands  alone,  in  that,  according  to  the  most  recent  researches, 
it  is  derived  from  the  fcetal  syncytial  layer  of  the  placenta  which  pro- 
liferates and  invades  the  tissues  of  the  mother.  There  is  also  prolifera- 
tion of  the  smaller  cells  from  the  epithelial  covering  of  the  chorionic  villi 
ghans'  cells).  Deciduoma  Malignum  may  Bupervene  at  the  placental 
site  after  cither  a  full-time  pregnancy  or  an  abortion,  or.  in  many  CS 
after  the  expulsion  of  a  "  hydatidifonn  mole/'  In  certain  rare  cases, 
the  primary  seat  of  the  tumour  may  be  the  Fallopian  tube,  ovary,  vagina, 
and  even  the  labium.  In  the  two  former  sites,  the  condition  has  probably 
followed  extra-uterine  gestation  :  in  the  two  latter  positions,  implantation 
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of  the  placental  cells  has  probably  taken  place.  Before  regarding  such 
tumours  as  primary,  however,  not  only  the  interior,  but  the  muscular 
wall  of  the  uterus  must  be  carefully  searched,  as  the  primary  focus  is 
sometimes  situated  in  it  at  a  distance  from  the  mucous  membrane  of 
that  organ.  It  forms  rapidly  growing,  irregular,  soft,  spongy,  highly 
vascular  masses,  which  readily  break  down  and  give  rise  to  haemorrhages. 
It  is  extremely  malignant,  and  not  only  invades  the  walls  of  the  uterus 
and  Fallopian  tubes  locally,  but  gives  rise  to  numerous  metastases  in 
distant  parts,  e.g.  in  the  lungs,  liver,  kidney,  etc.,  the  spread  being 
usually  embolic,  and  due  to  the  invasion  of  the  uterine  veins.  When 
the  secondary  growths  are  examined  microscopically,  the  proliferating 
tumour-cells  of  the  embolus  are  not  infrequently  found  within  the 
vessels.  A  few  cases  have  been  described  in  which  no  primary  growth 
could  be  found  in  the  uterus  or  tubes,  the  secondary  growths  arising  in 
these  cases  apparently  from  single  or  small  groups  of  syncytial  cells 
which  have  become  broken  off  and  disseminated  by  blood-vessels  or  by 
lymphatics.  Microscopically,  two  classes  of  cells  are  seen  irregularly 
intermingled  with  one  another  in  varying  proportions  in  different  cases, 
and  invading  the  tissues  of  the  organ  in  which  the  tumour  is  growing. 
These  are — 

(1)  Large,  irregular,  plasmodial  masses  derived  from  the  syncytium, 

sometimes  multinucleated,  at  other  times  with  a  definite 
cell-outline  and  a  single  nucleus ;  and — 

(2)  Groups  of  small  polyhedral  cells,  with  very  definite  cell-outline 

and  a  simple  nucleus.  These  are  derived  from  Langhans' 
layer;  and,  although  they  are  probably  not  the  essential 
tumour-cells,  they  always  shew  proliferation. 

A  very  important  feature  of  such  cases  of  chorion-epitheliomata  lies 
in  the  fact  that,  although  these  tumours  act  as,  and  in  many  respects 
are,  a  very  highly  malignant  type  of  neoplasm,  yet,  in  certain  cases,  a 
process  of  natural  healing  or  spontaneous  cure  may  occur  in  the  secondary 
tumours,  e.  g.  in  the  lungs,  after  the  removal  of  the  primary  seat  of  the 
disease.1 

Tumours,  apparently  of  the  nature  of  chorion-epithelioma,  also 
occasionally  occur  in  the  testicle.  These  are  probably  of  the  nature  of 
teratomas,  and,  although  syncytial  and  Langhans'  cells  are  often  the 
predominating,  and  sometimes  the  only,  cells  present,  the  majority 
of  such  tumours  also  contain  elements  representing  all  three  germinal 
layers  of  the  embryo,  and  according  to  some  writers,  there  may  be  even 
a  suggestion  of  the  formation  of  structures  bearing  ^omc  resemblance 
to  aberrant  foetal  organs  and  tissues. 

1  Teacher,  "  On  the  Development  and  Natural  Healing  of  Secondary  Tumours 
of  Chorionepithelioma,,,  Journal  of  Pathology  and  Bacteriology,  Cambridge;  1(.»<)7, 
vol.  xii.  p.  131. 
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APPENDIX    TO    SECTION    ON    TUMOURS 
footnote,  page  313.) 

SYNOPSIS  OF  VARIETIES  OF  CYSTS  :— 

1.  TRUE  CYSTIC  TUMOURS,  CYSTADENOMAS,  or  CYSTOMAS,  arising 
from  the  proliferation  of  glands,  mucous  membranes,  etc.,  e.g.  i 
tumours   of   the    thyroid,    pituitary,    ovary,    kidney,    etc. 
varying  size  arc  also  common  in  adenomas. 

2    CYSTS  ARISING  FROM  DEVELOPMENTAL  ERRORS  : 

[a)  From   embryonic   intermingling,  e.g.   sebaceous  and   oth 

hygromas,  etc.,  arising  at  the  lines  of  closure  of  embryonic 
clefts:  or  in  the  middle  line  (spina-bifida,  meningoceles,  encephalo- 
celes,  etc.) ;  and  the  results  of  other  accidental  intermingling  or 
inclusions. 

(b)  Congenital  Cysts,  due  to  the  persistence  and  distension  of    foetal 

structures  which  should  normally  become  obliterated,  e.g.  : 
i.  Urachus. 

ii.  Remains  of  Wolffian  Duct  (this,  in  the  male,  develops  into  the  canal 

of  the  epididymis,  vas  deferens,  vesicula  seminalis,  and  common 

ejaculatory  duct;    in  the  female,  into  the  longitudinal  duct 

of  the  parovarium  and  the  hydatids  of  Morgagni.     In  both  sexes 

it  also  gives  rise  to  the  ureter,  pelvis,  and  tubules  of  the  kidney). 

iii.  Remains  of  Miillerian  Ducts  (from  which  are  normally  developed 

the  Fallopian  tubes,  uterus,  and  vagina  in  the  female;  and  the 

hydatids  of  the  epididymis  and  the  utriculus  masculinus  in  the 

male). 

iv.  Remains  of  the  Mesonephros— part  of  the  primitive  excretory 

organ — from  which  are  developed  the  vasa  eflerentia,  ductuli 

aberrantes,  and  the  tubules  of  the    paradidymis    (organ    of 

Giraldes)  in  the  male;    and  the  rudimentary  tubules  of  the 

parovarium  (epoophoron)  and  of  the  paroophoron  in  the  female. 

\.  Thyroglossal  Duct,  etc. 

vi.  Meckel's  Diverticulum. 

(<)  Teratomas,  e.  g.  "  dermoid  cysts  "  due  to  the  inclusion  of  a  so-called 

hlighted  ovum,"'  or  possibly  of  a  germ-cell. 

3.  CYSTS   ARISING   FROM   SEROUS   CAVITIES,   e.g.    from  bursa?  and 

tendon-sheaths.     Pouch-like  dilatations  of  the  latter  ("ganglion") 

may  result  from  injury  or  may  be  proliferative.     The  so-called  "  loose 

bodies  "  in  bursae  and  joints  usually  arise  from  the  separation  of 

papilliform  ingrowths,  which  may,  in  some  cases,  undergo  degeneration 

and  become  calcified.     Some  cysts  may  also  arise  as  diverticula  from 

serous  membranes,  e.  g.  from  the  pericardium,  pleura,  and  peritoneum, 

meninges,  or  from  the  lining  of  the  cerebral  ventricles  and  central 

canal  of  the  spinal  cord. 

(The  "'  common  bunion  "  is  a  false  bursa  with  thickened  connective- 
le  walls,  which  arises  opposite  the  first  metatarso-phalangeal 
joint  as  the  result  of  pressure.) 
I.  RETENTION-CYSTS  due  to  the  blocking  of  glandular  ducts  or  tubules 
by  inspissated  and  retained  secretion,  calculi,  etc.;  for  example, 
pancreatic  cysts  brought  about  by  obstruction  of  the  pancreatic  duct 
or  of  one  of  its  branches  by  calculi  due  to  calcified  mucus ;  "  ranula," 
or  a  cystic  dilatation  due  to  the  blocking  of  the  duct  of  a  salivary 
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gland ;  cysts  in  the  kidney  due  to  the  blocking  of  tubules  at  some 
part  of  their  course  by  the  contraction  of  fibrous  tissue  around  them, 
or  to  the  presence  of  colloid  casts,  etc.,  in  their  lumen. 

5.  DISTENTION-CYSTS,  e.g.  arising  from  the  distention  of  bursas,  or  of 

the  normal  cystic  spaces  of  the  thyroid  or  pituitary  gland,  etc. 

6.  SPURIOUS  or  FALSE  CYSTS  or  PSEUDOCYSTS ;  for  example,  those  due 

to  mucoid  degeneration,  or  to  haemorrhages  which  may  then  become 
encapsulated.  The  latter  are  common  in  tumours,  e.  g.  in  gliomas 
and  in  sarcomas,  but  may  also  follow  haemorrhage  elsewhere — hema- 
tomas or  blood-cysts,  such  as  are  sometimes  found  between  the 
dura-mater  and  the  skull,  in  the  brain,  etc.  All  haematomas  are  not 
necessarily  spurious  cysts;  for  example,  in  the  case  where  haemo- 
rrhage occurs  into  a  true  cyst.  Pseudocysts  are  also  of  common 
occurrence  in  chondromas,  as  the  result  of  mucoid  degeneration. 

7.  PARASITIC  CYSTS;   for  example,  hydatid  cysts  in  the  liver  due  to  the 

cystic  stage  of  the  Tcenia  echinococcus ;  coccidial  cysts,  common 
in  the  rabbit's  liver,  due  to  the  Coccidium  oviforme,  etc. 


CHAPTER  XI 
ANIMAL   PARASITES' 

Parasites  may  be  defined  as  organisms  which  live  cither  temporarily 

or  permanently,  in  the  tissues  or  organs,  or  upon  the  surface  of  other 
organisms,  from  which  they  obtain  shelter  and  derive,  partialis-  or  entirely, 
their  nutriment.  Such  parasites  may  belong  to  the  vegetable  kingdom, 
the  Phytoparasites,  e.g.  bacteria  and  moulds;  or  to  the  animal  kingdom; 
and  it  is  to  the  latter — the  Zooparasites— that  reference  will  be  made  in 
this  chapter.  The  most  important  "  permanent  "  animal  parasites  which 
infest  man  belong  either  to  the  Protozoa  or  to  the  Helminthes,  Vermes  or 
Worms,  a  somewhat  heterogeneous  group  of  the  Invertebrate  Metazoa — 
classified  biologically  from  their  habits,  rather  than  systematically. 
Less  important  as  parasites,  and  for  the  most  part  occasional,  temporary 
or  incidental,  but  sometimes  of  great  importance  as  carriers  of  disease, 
are  certain  members  of  the  Insecta  and  Arachnida  (spiders,  mites,  ticks, 
etc.)  groups  of  the  Arthropoda. 

All  degrees  of  parasitism  are  found,  the  permanent  parasites  being 
mainly  entozoa  or  endoparasites  (**.  e.  living  within  the  body  of  their 
host,  as  the  animal  which  harbours  the  parasites  is  called);  the  oc- 
casional parasites  being  for  the  most  part — though  not  invariably — epizoa 
or  ectoparasites,  t.  e.  surface  parasites,  such  as  fleas,  lice,  bugs,  ticks,  etc. 
Some  ectoparasites,  such  as  mosquitoes  and  other  biting  flies,  leeches. 
merely  seek  their  host  for  the  purpose  of  obtaining  a  meal.  Others, 
e.g.  lice,  may  live  upon  the  body  of  their  host  throughout  their  entire 
life-cycle. 

For  the  completion  of  their  life-cycle,  the  meat  majority  of  animal 
parasites,  more  particularly  the  entozoa — both  proto-  and  meta-zodn — 
require  to  pass  their  mature  and  their  immature  stages  in  different  1 
often  widely  separated  in  the  zoological  .-rale;  the  final  or  definitive  host 

1   For  fuller  descriptions  of  the   various  animal   parasites  described   in   this 

chapter,  and  for  an  account  of  those  \\  hidi  have  been  omitted  on  account  of  their 

rarity,  reference  should   he  made  to:    Animal  Parasites  of  Man,  by  Fantham, 

Stephens  and  Theobald  (replacing  the  English  edition  of  Braun),  Bale  &  Dani<  I 

London,  1916;    AUbutl  and  Etolleston's  System  <>/'  Medicine,  Sections  on  Protozoa, 

by  Minchin,  and  Parasitic  Worms,  by  Manson  and  Shipley:    Manual  of  Tropical 

1         Hani  and  Chalmers,  Balliere,  Tindall  A  Cox,   London,  2nd  ed., 

1913;    Tropical  Di  lianson,  Cassell,  London,  5th  ed.,  1914;   Human  In- 

testinal  Ti>>t<>\n<t  in  the  Near  East,  by  Wenyon  and  O'Connor,  Wellcome  Bureau  of 

ii<  h,  London,  I  *  >  1 T  ;    and  papers  by  Wenvon,  especially  The  Common 

final  Protozoa  of  Man,  "  Lancet,"  November  27,  1915,  p.  117:5.* 
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harbouring  the  mature,  and  the  intermediate  or  temporary  host  harbouring 
the  immature,  forms  of  the  parasite.  Among  the  helminthes,  only  in 
rare  instances,  e.  g.  Trichinella,  does  the  whole  cycle  of  development  occur 
within  the  body  of  the  same  host.  In  many  cases,  a  specific  variety  of 
host  is  required  before  the  development  of  the  parasite  can  occur.  The 
special  site  in  the  body  of  the  host  occupied  by  the  parasite  is  known  as 
the  habitat. 

From  the  fact  that  parasites,  more  especially  the  entozoa,  obtain 
shelter  and  nourishment  from  their  hosts,  their  bodies  are  usually  much 
modified  as  compared  with  those  of  their  free-living  relatives  in  the 
zoological  scale.  In  many  instances,  such  parasites  may  pass  some  stage 
of  their  life-cycle  as  free-living  organisms,  and  then,  on  entering  their 
host,  undergo  striking  structural  changes  adapted  to  a  parasitic  mode 
of  life— the  more  or  less  passive  absorption  of  nourishment  and  the 
reproduction  of  their  species,  the  latter  function  being  usually  developed 
to  an  excessive  degree,  in  order  to  compensate  for  the  vicissitudes  and 
dangers  of  such  an  existence,  more  especially  the  chances  of  not  obtaining 
a  suitable  new  host.  Organs  connected  with  free-living  functions  usually 
retrogress  and  may  be  lost ;  for  example,  eyes  and  other  sense-organs, 
the  digestive  system,  organs  of  locomotion,  etc.,  may  become  rudimentary 
or  may  completely  disappear.  On  the  other  hand,  special  organs  may  be 
developed  to  facilitate  their  entrance  into,  and  their  stay  in,  the  body  of 
their  host,  for  example,  biting  and  boring  apparatus,  hooklets,  suckers, 
etc.  Such  modifications  of  structure  and  function  may  take  place  in 
the  life-history  of  the  race,  or  during  the  life-cycle  of  each  individual 
parasite;  or,  in  some  cases,  they  may  specially  occur  only  in  certain 
generations  of  parasites  which  shew  the  phenomenon  known  as  alternation 
of  generations. 

Parasites  may  be  specific  to  certain  hosts,  t.  e.  found  in  them  only ; 
or  incidental,  i.  e.  only  occasionally  found  in  a  species  other  than  the 
usual  host. 

Effects  of  Parasites  upon  their  Hosts. — These  may  vary  from  a  trifling 
and  temporary  inconvenience,  e.  g.  the  bites  of  certain  insects,  up  to  the 
most  serious  or  fatal  results,  e.  g.  where  malaria,  sleeping  sickness,  yellow 
fever,  trench-fever,  bacterial  diseases  such  as  plague,  tetanus,  or  septi- 
caemia, may  be  inoculated.  Similarly,  certain  intestinal  parasites  may 
produce  but  little  or  no  apparent  symptomatic  results  in  one  case,  and 
serious  disease  in  another,  e.g.  in  the  "carrier"  of  the  entamoeba  of 
dysentery  and  in  the  patient  suffering  from  the  disease  itself  in  severe 
form  respectively.  Certain  tapeworms  and  other  parasitic  worms  may  do 
little  harm  in  one  host,  whilst  the  most  serious  phenomena,  e.g.  grave 
anaemia,  may  result  from  their  presence  in  another.  Important  organs 
may  be  extensive!)'  damaged  (e.g.  the  bowel  or  liver  in  amoebic 
dysentery),  or  compressed  and  injured,  as  in  hydatid -cyst  infections. 

The  methods  and  routes  by  which  parasites  invade  their  hosts  and 


348  GENERAL  PATHOLOGY 

i  their  habitat  in  the  host's  body  are  most  conveniently  described 
when  dealing  with  the  individual  parasil 

A-  the  subject  of  parasitology  is  now  very  extensive,  and  numen 

special  books  dealing  with  it  have  appeared,  we   refer  our  readers  to 
e  for  an  account  of  any  pai  not  dealt  with  in  the  following 

page 

ik.  The  term  u  Pseudo-parasite  "—an  unfortunate  word  which  it  is  best 
to   avoid     is  now    often  applied  (  nly   to  certain  structures,  e.g.   vegetable-fibre.--, 

which  may  simulate  and  be  mistaken  for  paiasites,  for  example,  certain  fibres 
o\  banana  which,  when  partially  digested,  have,  in  the  faces,  a  superficial  resem- 
blance to  small  tape-worms,  whilst  certain  seeds  and  other  vegetable  cells  may 
simulate  the  ova  of  panatio  worms,  etc.  One  may  al>o  note,  in  this  conection, 
that  normal  or  degenerated  cells  of  the  host  have  sometimes  been  mistaken  for 

;tes,  e.  g.  desquamated  intestinal  and  other  epithelial  cells  for  amoeba*,  sperma- 
tozoa (especially  of  birds)  for  trypanosomes,  and  so  on. 
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SECTION    I 

PROTOZOA 

These  are  organisms,  each  formed  of  a  single  mass  of  protoplasm,  with  one 
or  more  nuclei,  and  capable  of  an  independent  existence,  though  occasionally 
loose  "  colonies  "  are  found.  Very  commonly,  the  protoplasm  is  differenti- 
ated into  a  clear,  viscid,  dense,  outer  layer,  the  ectoplasm  or  ectosarc,  and  a 
granular  and  more  fluid  inner  portion,  the  endoplasm  or  endosarc.  The 
protoplasmic  mass  may  be  naked,  or  there  may  be  a  distinct  envelope.  A 
principal  or  trophic  nucleus,  the  macronucleus,  composed  of  chromatin  and 
achromatic  substance  is  always  present,  but,  in  addition,  there  may  be,  in  some 
cases,  a  second,  smaller  kinetic  nucleus  (the  micronucleus),  or  several  nuclei, 
and  also  fine  granules  or,  in  some  instances,  one  or  more  rods,  of  chromatin 
in  the  cytoplasm.  These  are  termed  chromidia,  and,  though  they  may  occur 
constantly  in  a  given  species,  they  are  more  generally  formed  from  the  principal 
nucleus  during  a  special  phase  of  the  life-cycle.  Specialised  cell-organs  or 
organellae,  such  as  cilia,  flagella,  cytostome  or  "  cell-mouth,"  etc.,  may  be 
developed  in  certain  protozoa.  In  some  forms,  there  appears  in  the  proto- 
plasm at  some  part  a  clear  drop  of  fluid,  which  gradually  enlarges,  and  then 
empties  itself  to  the  exterior  by  a  rapid  contraction.  This  contractile  vacuole 
serves  as  an  excretory  and  respiratory  organ.  Non-contractile  food-vacuoles 
may  be  seen  at  various  parts  of  the  endoplasm.  Many  Protozoa  are  able 
to  protect  themselves  against  unfavourable  conditions  by  the  formation  of  an 
envelope  or  cyst-wall  round  the  body,  and  such  encystment  may,  in  some 
instances,  be  a  preliminary  to  division. 

Reproduction  takes  place  usually  by  fission,  or,  in  some  instances,  by 
direct  budding.  Division  may  be  simple,  the  nucleus  dividing  into  two  parts, 
and,  later,  the  protoplasm  also  dividing  so  as  to  form  two  new  individuals ; 
or  it  may  be  multiple,  the  nucleus  dividing  into  a  number  of  parts,  each  of 
which  becomes  surrounded  by  a  mass  of  protoplasm.  This  is  the  method 
of  division  by  schizogony,  and  each  of  the  new  individuals  is  termed  a  merozoite. 
Only  part  of  the  cytoplasm  may  be  used  up  in  this  process,  whilst  the  remainder 
or  "  residual  protoplasm  "  degenerates,  or  forms  a  network  in  the  spaces  of 
which  the  merozoites  lie.  The  merozoites  or,  as  they  are  often  somewhat 
inaccurately  called,  "  spores,"  may  be  very  numerous  and  actively  motile, 
and  are  then  known  as  swarm-spores.  These  may  be  amoeboid  (amcebulce), 
or  they  may  be  provided  with  one  or  more  flagella  (flagellulce) . 

Though  reproduction  by  fission  may  go  on  through  many  generations 
for  an  indefinite  period,  yet  it  seems  necessary  that  conjugation  of  sexually 
mature  individuals  should  take  place  if  the  life  of  the  species  is  to  be  main- 
tained; and  it  has  been  definitely  proved  that  conjugation  takes  place  in 
many  Protozoa  at  some  period  of  the  life-cycle.  It  may  be  impossible  to 
distinguish  the  two  conjugating  individuals,  the  gametes,  from  one  another ; 
or,  on  the  other  hand,  they  may  shew  certain  recognisable  and  distinct  morpho- 
logical differences.  The  male  element,  the  microgamete,  may  be  smaller, 
more  actively  motile,  with  proportionately  larger  nucleus,  and  less  laden 
with  reserve  food-material;  while  the  female  or  macrogamete  is  often  well 
supplied  with  such  reserve  food-material,  and  may  be  very  sluggish  or  even 
non-motile.  Before  conjugation,  certain  alterations  take  place  in  the  nuclei 
of  the  gametes,  a  portion  of  the  chromatin  being  either  absorbed  in  the  proto- 
plasm or  cast  off  as  polar  bodies.  Probably  the  rejected  chromatin  is  vege- 
tative in  character,  i.  e.  is  concerned  with  the  regulation  of  the  processes  of 
nutrition,  cell-growth,  etc.,  whilst  that  which  is  retained  is  largely  generative. 
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When  this  pi  maturation,  as  it  Lb  termed,  ii  complete,  the  alt 

nucl<  iM.w  called,  the  pronuclei,  fuse  with  *  bei  and  form 

a  new  Ducleufl  or  synkaryon.     Jf  the  bodies  of  the  two  individual 

aNo  hue,  the  resulting  cell-unit  Lb  known  aa  a  zygote.     Jn  boi  i,  the 

male  and  female  gametea  not  only  differ  from  out-  another  in  apj 

hnt  differ  from  the  ordinary  individuals  of   tin-  Bpeci<        I       mother-cells 

of  these  gam<  known  as  gametocytes,  and  are  generally  of  two  kinds. 

the  micro-  and  the  macro-gametocytes,  corresponding  with  the  micro-  and 

macro-gametes   to    which   they    respectively   give    rise.     Parthenogenesis 

in  which  sexually  differentiated  individuals,  without  going  through  the  pn 

of  conjugation,  proceed  to  reproduction  of  the  ordinary  type    and  other  forms 

production,  occur  in  the   Protozoa;    hut,  as  the  individual  memhei 

the  group  in  which  these  take  place  at  present  appear  to  be  of  comparatively 

small  importance  from  the  point  of  view  of  human  pathology,  it  is  not  I 

to  give  any  description  of  these  processes  1 

Alternation  of  generations,  in  which  the  individuals  of  one  generation  are 
unlike  those  of  another.  0CCUT8  in  sonic  protozoa:    and,  as  already  indict 
there  may  he  several  methods  of  propagation  combined  in  on.-  bdo 
asexual  division  and  sexual    conjugation,  the  products  of   the  two  methods 
being  often  unlike  one  .mother  morphologically. 


CLASSIFICATION   OF   THE   PROTOZOA 

CLASS  1.     SARCODINA    (RHIZOPODA) 

are  protozoa  in  which,  in  the  adult  stage,  locomotion  and  capture 
of  food  are  brought  about  by  means  of  temporary  protoplasmic  proce 
pseudopodia,  which  can  be  projected  and  retracted.     From  the  standpoint 
of  human  pathology,  the  only  important  members  of  this  class  are  those  belong- 
ing  to  the  genus  Amaba  {Entamoeba). 

CLASS    II.     MASTIGOPHORA    (FLAGELLATA) 

protozoa  in  which,  in  the  adult,  there  are  one  or  more  structures 
in  the  f,,rm  of  flagella  for  locomotion  or  for  the  capture  of  food.     The  body- 
protoplasm  may  be  naked  and  amoeboid,  but,  in  the  great  majority  of  e. 
there  is  a  cuticle  or  periplast,  and  amoeboid  movement  does  not  occur.    To 
ip  belong  the   Trypanosomalai  the  Leishman-Donovan  <ome 

forms  of   SjrirocncBtCB,  and  the  Less  important    Tricho\  Mia,  and 

tc. 

CLASS    HI.     SPOROZOA 

are    protozoa    which    are   endoparasitic,   and    which,  in   their   adult 

form,  do  not   post  QB  for  locomotion  or  for  the  capture  of  food.     The 

<>f  this  class  multiply   by  sonic  method  of  sporulation.      The  body 

may  I..-  naked,  or  limited  by  a  distinct  cuticle.  Amoeboid  forms  are  met  with, 
but,  according  to  Bfinchnv  "  ,Mr  amoeboid  habit  of  the  body  is  not  connected 

with  Locomotion,  but,  if  it  has  any  physiological  significance,  perhaps  favours 

absorption  of  nutriment  at  the  body  surface,  or  may  in  0th  ■    for 

temporary  attachment  of  tie-  parasite  to  internal  surfaces  of  the  host.'"  The 
Life-cycle  "i  a  member  of  this  class  may  be  completed  in  a  single  host,  or  may  be 
distributed  between  different  lc 

descriptive  purposes,  it  is  convenient  to  divide  the  In  of  the 

into  t\\.  the  trophic,  during  which  the  parasite,  at  this  b1 

1    .Minchiii.       IV  Allbutt  and  RoDflStOfl,  1907,  vol  ii.. 

part  ii.,  p 
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called  the  trophozoite,  is  absorbing  nutriment  from,  and  growing  at  the  expense 
of,  the  host;  and  the  reproductive,  during  which  new  individuals  are  being 
produced.  These  trophic  and  reproductive  phases  ina\  be  entirely  distinct, 
and  the  parasite  may  first  grow  to  its  full  size  before  reproductive  activity 
begins;  or  the  reproductive  activity  may  commence  very  early,  and  growth 
and  reproduction  go  on  simultaneously.  In  the  former  (e.  g.  the  Telosporidia). 
the  adult  trophozoite  is  uninucleated  ;  and  in  the  latter  (e.  g.  the  Neosporidia). 
it  is  multinucleated.  These  two  sub-classes  also  shew  differences  in  the  manner 
in  which  they  undergo  the  process  of  sporulation. 

In  the  Telosporidia,  there  is  a  multiple  division  of  the  nucleus,  the  parts 
of  which  pass  to  the  periphery  of  the  cell-body,  where  each  becomes  surrounded 
by  a  zone  of  protoplasm  constricted  off  from  the  surface  of  the  body,  the  whole 
being  termed  a  spore-mother  cell.  The  central  portion  of  the  cell-body  is 
left  as  "  residual  protoplasm  "  and  disintegrates.  In  the  Neosporidia,  as  we 
have  stated,  the  division  of  the  nucleus  commences  early,  and,  round  each 
of  its  subdivisions,  the  protoplasm  becomes  concentrated,  so  that  a  central 
mass  of  spore-mother  cells,  enveloped  in  a  peripheral  layer  of  growing  proto- 
plasm, is  produced.  From  the  spore-mother  cells  arise  the  spores.  In  the 
Telosporidia,  according  to  Minchin,  one  spore  arises  from  each  spore-mother 
cell,  wThich  may  therefore  be  termed  a  sporoblast  ;  whilst  in  the  Neosporidia 
each  spore-mother  cell  may  give  rise  to  two  or  more  spores,  and  is  known  as 
a  pansporoblast.  The  spores  may  now  be  set  free  in  the  form  of  amcebulae, 
as  in  the  Neosporidia;  or  further  differentiation  may  take  place,  and  each 
spore  become  divided  into  the  sickle-  or  rod-shaped  sporozoites,  which  are 
very  minute,  actively  motile  bodies. 

CLASS   IV.— CILIATA    (INFUSORIA) 

Protozoa  in  which  the  organs  of  locomotion  consist  of  cilia.  Of  this  class 
Balanti&ium  coli  and  B.  minutum  and  Nyctotherus  have  been  described  as 
occurring  in  man,  and  are  believed  by  some  writers  to  give  rise  to  diarrhoea. 

CLASS    I.— SARCODINA 

Order  :  Amoebina 

The  only  members  of  this  group  that  we  shall  describe  are  the  species  of 
Amoebae  which  are  internal  parasites  of  the  human  body,  and  to  which  the 
generic  name  Entamcebce  has  been  given. 

The  classification  of  these  is  given  by  Dobell  x  as  follows  : — 

Synopsis  of  Genera  and  Species  of  Amoebae  living  in  Man 
Genus     I.  ENTAMCEBA  : 
Type  :  E.  coli. 
Species  in  Man  :  E.  coli. 

E.  Iiistohjtica. 
E.  (ji)i(jindis. 
Genus    II.  ENDOLIMAX  : 

Only  species,  hence  type  :  E.  nana. 
Genus  III.  IODAMCEBA  : 

Only  species,  hence  type  :   /.  butschlii. 
Genus  IV.  Dl ENTAMCEBA  : 

Only  species,  hence  type  :   D.fragil 

1  The  most  recent  authoritative  work  on  this  Bubjeot,  The  Amcsba  Living  in 
Man,  by  Clifford  Dobell,  published  for  the  Medical  Research  Committee  by  John 

Bale,  Sons  &  Danielsson,  London,  1919,  should  be  consulted  by  those  interested. 
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1.  ENTAMCEBA  COLI  (Syn.  Amcsbacoli,  Enlamcsba  hon  c).— 

This  parasite  occurs  chiefly  in  the  cfecuni  and  upper  part  of  the  large 
tine,  and  appears  to  be  a  harml<  unensa]  of  its  host.    Jt  i 

far  the  commonest   protozodll  found  in  the   human  intestine,  and  it   is 
especially  frequent  in  convalescents  from  dysentery  and  other  intestinal 

disorders,  and  by  no  means  infrequent  in  apparently  healthy  persons.  It 
has  frequently  been  mistaken  for  E.  histolytica,  and  vice  versa.  The 
amoeboid  form  consists  of  an  irregular  mass  of  protoplasm  with  a 
rounded,  or  slightly  oval,  nucleus  which  is  rich  in  chromatin. 
aggregated  especially  in  coarse  granules  attached  to  the  nuclear  mem- 
brane.1 No  very  definite  distinction  can  be  made  out  between  ectoplasm 
and  endoplasm  except  during  the  formation  of  pseudopodia,  when  the 
ectoplasm  appears  as  a  clear,  homogeneous,  comparatively  non-refractile 
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Fig.  165. — Entamoeba  coli. 

a.  Active  amoeba  in  liuman  fa?ces,  shewing  the  structure  of  "  resting  "  or  "  vegeta- 

tive "  inn  lens,  and  ingested  bacteria  in  digestive  vacuoles  in  cytoplasm. 

b.  Pro-cystic    amoeba,    shewing   structure   of   nucleus   and   vacuolated   cytoplasm. 

Note  absence  of  ingested  bodies.     Two  pseudopodial  projections  are  depicted. 
Binucleate  cyst  with  glycogen  "  vacuoles"  in  cytoplasm. 
>/.  Qnadrinncleate  cyst  with  small  chromatoid  bodies  in  cytoplasm. 
(.    .Mature  cyst,  shewing  eight  nuclei  in  "resting"  condition  (compare  with   the 

nuclei  in  (c)  and  (d),  which  are  in  an  active  state  of  division),  and  chromatoid 

bodies   in   cytoplasm.     The  glycogen   "vacuoles"    have   almost  disappeared. 

XlOOO. 

substance  into  which  granules  from  the  endoplasm  flow — the  movements 
g  usually  comparatively  sluggish.  It  often  has  a  somewhat  greenish 
colour,  probably  owing  to  the  refraction  of  its  contained  granules,  whereas 
E. histolytica  appears  colourless.  E.  coli  feeds  on  bacteria,  yeasts,  and 
various  substances  contained  in  the  intestine,  and  it  may  even  ingest 
other  protozoa,  encysted  and  unencysted;  but  it  does  not  tend  to 
englobe  red  blood-corpuscles  or  tissue-elements,  as  does  E.  histolytica — 
a  fact  of  great  diagnostic  value;  and  also,  unlike  the  latter,  it  does 
not  penetrate  the  mucous  membrane.  The  endoplasm  usually  shewH 
numerous  food-vacuoles,  but  possesses  no  contractile  vacuole. 

In    the   intestine,   particularly   the   upper   part   of  the   colon,   and 

iallv    in    soft   faeces,  multiplication   takes   place   by  simple   binary 

fission.      In  the  more  solid  and  formed  fooces  in  the  lower  part  of  the 

large    intestine,   encystment  occurs   and    the   cysts   are   discharged  in 

1  For  full  details,  see  Dobell,  loc.  cit.,  p.  79. 
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Fig.  166. — Entamabi  coli.  Diagrammatic  representation  of  the  methods  of  division 
which  have  been  described.  The  first  two  of  these,  binary  fission  and  aporogony, 
are  definitely  established.  [(  ?*)Schizogony  is  described  by  well  known  authorities,  but 
is  regarded  by  Dobell  as  a  mistaken  interpretation  of  ordinary  encystment  and 
sporogony.  It  is,  therefore,  extremely  doubtful  whether  such  schizogony  takes 
place,  and  the  diagram  must  be  regarded  as  entirely  problematical  in  this  respect.] 

X  1000. 
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the  stools.     In  this  process  of  en<  the  am  their 

food-inclusions,  and   become  reduced  in  Bize,  probably  by  a  pi 
division  into  the  smaller  pre-cystic  forms,  as  in  the  case  of  E.  histolyi 
The  pre  these  two  parasites  are  frequently  very  difficult 

to   differentiate   from  one  another.    The   pre-cystic  amo 

spherical,  and  develop  a  transparent  protective  envelope.  Iii  this 
encysted    cell,  the    nucleus    first    divides  into   two.   then    into   four, 

finally,   into  the  characteristic   eight,   daughter-nuclei,   of   equal   Bize, 

which  form  the  nuclei  of  eight  spores,1  protected  within  the  thick  i 
wall.     Glycogen  is  usually  abundant  in  the  earlier  stages  of  this  pro< 

tcially  in  the  bi-nucleate  cysts;  but  it  is  usually  absent  in  the 
8-uucleate  stage.  Chroniatoid  bodies  are  not  always  present,  and 
are  usually  scanty  and  small  in  size  and  acieular  or  filament-like, 
and  only  occasionally  as  abundant  as  in  E.  histolytica.  Before  further 
development  can  take  place,  the  encysted  cell  requires  to  be  taken  into 
the  intestine  of  a  new  host,  the  cyst-wall  ruptures,  and  eight  small 
amoeba)  are  set  free. 

E.  coli  cysts  usually  measure  about  15  to  20  fi  in  diameter,  though 
smaller  and  larger  forms  are  sometimes  found  (10  to  30  jti  or  even  more). 

2.  ENTAMOEBA  HISTOLYTICA  (Syn.  E.  tetragena,  Amoeba  histo- 
lytica,  A.  dy  Loschia  tetragena,  etc.). — This  parasite,  which  may 

now  definitely  be  regarded  as  the  cause  of  true  Tropical  or  Amoebic 
Dysentery  -as  distinct  from  Bacillarv  Dysentery — is  an  inhabitant 
primarily  of  the  large  intestine.  Dobell 2  points  out  the  important  fact 
that,  although  a  tissue-parasite,  actually  living  in,  and  feeding  upon,  the 
mucous  membrane  of  the  bowel,  E.  histolytica — 

"doe*  not  usually  cause  dysentery  or  any  other  clinical  symptoms  in  its 
host.  As  it  destroys  the  tissues,  these  regenerate,  and  the  parasite  and  its 
;i\e  in  a  state  of  equilibrium.  This  is  the  'normal'  or  most  usual  con- 
dition, and  an  infected  individual  in  such  a  state  of  equilibrium  is  called — 
following  Walker  (1911,  1913) — a  'carrier*  of  the  parasite.  He  can  only  be 
distinguished  from  uninfected  individuals  by  the  presence  of  the 
E.  hist,  ,li/tic  (  in  In-  Btools.    His  large  bowel  is  ulcerated,  more  or  less,  but  this 

h  not  visible  externally  and  g  bo  DO  clinical  symptoms. 

When  the   parasites  and  their  host  do  not   live  in  harmony  with  one 
another      a^   happens    in    a    certain    proportion    of   cases — pathological   con- 
dition- follow.     These  affect  both  the  host  and  the  parasite.     In  the  i 
of  the   former,  they  are   manifested  as  various  diseases,  which  are   of  three 
main  fcyp 

"(1)  Irritation  of  the  intestine,  producing  most  commonly  diarrhoea  and 
intestinal  irregularities  of  divei  (Amoebic  Dysentery). 

••  (2)  ( leneralised  effects  resulting  from  the  destruction  of  the  lining  of  the 
bowel,  but  not  manifested  as  local  intestinal  diseases  (General  Amoebiasis). 

mdary  disorders  consequenl  upon  the  wandering  of  the  parasites 
from  the  gut    into  other   organs,  BUch   as   the   liver,  where   they  give  ric 
inflammatory  and  suppurative  conditions  (Amoebic  Hepatitis,  Hepatic  and 
Cerebral  Abscess,  etc.). 

Eteen  Bporea  may  \  urionally  be  found. 

Dobell,  toe.  rlt.,  pp.  :;. 
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"  All  these  diseased  conditions  of  man  are  harmful  to  the  parasite  also,  for 
they  disturb  its  food-supply,  interrupt  its  normal  life-history,  and  lead  to 
great  wastage  and  mortality  among  the  amoebae  cokcerned.  In  amoebic 
dysentery,  for  example,  the  amoeba3  are  cast  out  of  the  body  in  large 
numbers  before  they  can  encyst;  and  they  consequently  perish  and  are 
unable  to  propagate  their  species.  Similarly,  in  the  case  of  secondary 
infections  of  the  organs,  the  parasites  may  enjoy  a  brief  spell  of  repro- 
ductive activity;  but  they  do  not  encyst  in  any  situation  save  the  gut,  and 
are,  in  the  organs,  cut  off  from  the  outside  world  with  no  means  of  continu- 
ing their  race.  The  various  amoebic  diseases  are  thus  '  diseases '  of  the 
parasites  as  much  as  they  are  for  their  hosts.  And  it  is  clear  that  infection 
with  E.  histolytica  cannot  invariably,  or  even  usually,  be  accompanied  by 
acute  dysentery;  for  if  it  were  the  parasite  would  soon  be  exterminated." 

The  carrier  of  E.  histolytica  may,  therefore,  be  regarded  as  "  the 
ordinary  individual  in  the  normal  state  of  infection,"  adapted  to  his 
parasites,  which  are  also  adapted  to  him  (Dobell).  He  passes  cysts  in 
his  stools,  because  these  are  formed 
as  part  of  the  life-history  of  the 
amoeba.  He  is,  therefore,  technically, 
not  a  carrier  of  cysts,  but  a  carrier 
of  the  active  non-encysted  amoebae 
in  his  tissues.  Such  carriers  may  be 
of  two  classes,  the  more  numerous 
contact-carriers  who  have  never  suf- 
fered from  active  amoebic  dysentery, 
and  the  less  numerous  convalescent 
carriers,  who  have  suffered  from  the 
disease  and  then  recovered  clinically, 
but  without  losing  their  infections. 
Both  of  these  are  equally  dangerous 
in  spreading  the  infection  to  others, 
carrier  may  shew  comparatively  slight  naked-eye  changes ;  but  some, 
on  the  other  hand,  may  shew  even  extensive  ulceration,  without 
previous  evident  symptoms  of  the  disease.  Liver-abscess  may  supervene 
in  either  of  these  instances,  and  thus  this  complication  may  sometimes 
arise  in  carriers  in  whom  the  infection  had  hitherto  been  unsuspected. 
In  such  cases,  cysts  will  be  found  in  the  faeces,  indicating  that  the  tissue- 
inhabiting  amoebae  are  present  in  the  mucous  membrane  of  the  bowel. 
E.  histolytica  may  persist  for  a  very  long  period  in  the  intestines  of 
persons  wTho  have  had  dysentery,  and  has  been  found  ten,  twenty,  and 
even  thirty,  years  after  an  attack  of  the  disease.  Under  certain  circum- 
stances, the  parasites  may  cause  more  wide-spread  destructive  changes 
in  the  mucous  membrane,  producing  the  characteristic  dysenteric  ulcera- 
tion (see  p.  770,  Special  Pathology),  the  process  of  ulceration  being  pro- 
bably largely  assisted  by  secondary  infection  with  bacteria  and  other 
organisms.  The  amoebae  may  also  penetrate  into  the  submucous  coat  of 
the  bowel,  and  may  find  their  way  into  the  neighbouring  blood-vessels, 


.. 


Fig.  167. — Entamoeba  histolytica  in 
an  abscess  of  the  liver,      x  1000. 

The  intestine  of  the   contact- 
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e.(j.t\\o  radicles  of  the  portal  vein,  and  bo  be  carried  to  the  liver,  w] 
they  may  produce  the  Liver-Abscess,  which  is  a  by  no  means  infrequent 

sequel  and  complication  of  dysentery.  Secondary  abscesses  have  also 
been  described  in  the  kidney  and  other  organs,  one  of  the  authors 
having  recently  investigated  a  case  of  cerebral  abscess  of  this  nature. 
In  such  abscesses,  the  amoebae  may  be  found  in  the  contained  pus, 
but  they  are  more  especially  present  in  the  abscess-wall,  and  even  in 
the  tissues  or  blood-vessels  at  some  distance  from  the  abscess.  ( 
are  not  formed  in  these  secondary  lesions. 

In  its  amoeboid,  or  vegetative,  condition  it  consists  of  an  irregular 

-  of  protoplasm,  18  to  40  ii — -usually  20  to  30  ii — in  diameter,  which 

is   definitely  divided   into  a  clear   hyaline    ectoplasm   and   a   granular 
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Fia.  168. — Entamoeba  histolytica. 

a.  Small  active  tissue-invading  amoeba,  with  characteristic  knob-like  ectoplasm ic 

pseudopodium. 
h.   Large  active  tissue-invading  amoeba  containing  numerous  ingested  red   blood- 

corpusclea  in  cytoplasm, 
r.    Ditto,  shewing  pseudopodium. 

'!■>  <■>  ft  'J-  Encysted  forms  with  one,  two,  and  four  nuclei.     Chromatoid  bodies  are 
i  in  the  first  three  of  these.      X  1000. 


endoplasm.  When  at  rest  or  dead,  the  entamoeba  is  spherical,  but, 
when  examined  whilst  still  alive  and  fresh,  on  the  warm  stage,  it  may 
shew  active  movement,  flowing  along  with  a  rapid,  slug-like  motion,  or, 
when  slightly  degenerated,  remaining  in  one  place  and  shewing  the 
characteristic  sudden  projection  of  blunt,  rounded,  knob-like  pseudopodia. 
When  first  protruded,  these  pseudopodia  consist  of  clear,  colourless,  trans- 
parent ectoplasm  only,  into  which  the  more  granular  endoplasm  then 
flows.  The  nucleus  is  small,  and  often  placed  at  one  side  of  the  body. 
It  is  poor  in  chromatin,  and  hence  difficult  to  stain  well.  The  endo- 
plasm usually  shews  numerous  bubble-like  vacuoles,  giving  a  foam-  or 
froth  like  appearance  (according  to  Dobell  a  degenerative  phenomenon). 
stive  vacuoles  may  be  present  and  contain  various  inclusions, 
especially  red  blood-corpuscles,  leucocytes,  and  fragments  of  other 
cells  — bacteria    being   exceptional    as    inclusions.     A    true    contractile 
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vacuole  is  not  present.  In  the  acuter  stages  of  the  disease,  active 
amoebae  of  larger  size  are  usually  found,  these  being  the  tissue-invading 
and  tissue-inhabiting  phase  of  the  parasite.  The  smaller  forms  which 
replace  them  in  the  convalescent  and  carrier  stages  of  the  disease, 
precede  the  formation  of  cysts.  In  its  active  or  vegetative  condition 
in  the  tissues,  the  parasite  multiplies  by  binary  fission,  the  nucleus 
appearing  to  divide  by  a  process  described  by  Dobell  as  seeming  to 
belong  to  a  category  intermediate  between  amitotic  and  mitotic 
division. 

Encystment. — Probably  at  any  period  of  the  infection,  but  especially 
when  the  conditions  are  unfavourable  for  vegetative  activity,  for 
example,  during  the  process  of  healing  of  the  dysenteric  ulcers  or 
abscesses,   or  if   the   faeces   become   hard   and  constipated,  the   active 


Fig.  169. — Entamoeba  histolytica. 

a.  Active  tissue-invading  amoeba,  shewing  structure  of  nucleus,  ectoplasmic  pseudo- 

podium,  and  ingested  red  blood-corpuscles  in  cytoplasm. 

b.  Small  pre-cystic  amoeba. 

c.  Uninucleate   cyst,   shewing  formation   of  cyst-wall,   character  of  nucleus,   two 

chromatoid  bodies,  and  a  glycogen-"  vacuole  '  in  cytoplasm. 

d.  Binucleate  cyst  with  chromatoid  bodies. 

e.  Quadrinucleate  cyst  with  a  chromatoid  body. 


amoeboid  organism  extrudes  any  englobed  food-particles,  and  undergoes 
a  reduction  in  size,  which  is  probably  effected  by  division,  though  the 
stages  of  this  process  have  not  yet  been  observed.  The  resulting  small 
pre-cystic  amcetose  so  formed  have  frequently  been  mistaken  for  a 
distinct  species — "  E.  minuta."  They  are  intermediate  in  size,  forming 
a  series  between  the  larger  tissue-inhabiting  forms  and  the  cysts  to 
which  they  give  rise.  They  are  sluggish  and  finally  non-motile;  be- 
come spherical  in  shape,  and  develop  a  definite  wall.  The  protoplasm 
becomes  granular,  the  distinction  between  ecto-  and  endo-plasm  being 
lost,  and  reproduction  by  a  process  of  endogenous  encystment  occurs, 
with  the  development  of  four  spores,  the  cyst  at  various  stages  shewing 
one,  two,  and  four  nuclei  respectively,  often,  but  not  invariably,  accom- 
panied by  the  production  of  bar-  or  rod-like  "  chromatoid,"  "  chromidial," 
or  "  crystalloid  "  bodies,  and  one  or  more  somewhat  ill-defined  vacuoles 
containing  glycogen.  The  exact  nature  of  the  process  of  nuclear  division, 
etc.,  by  which  these  four  spores  are  formed  is  still  debated,  and  need  not, 
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therefore,  be  described  here;  but,  for  the  latest  o  lions  on  this 

proo  rence  should  be  made  to  the  work  of  Dobell.    The  <dv< 

and  chromatoid  bodies  gradually  disappear,  and  probably  con st it i. 

of  food-material.     The  quadrinucleate  cysts  are  now  mature,  and 
ready  to  be  ingested  by  a  new  host. 

The  size  of  these  cysts  varies  considerably  in  different  cases,  and 
Wenyon  and  O'Connor1  give  a  series  of  observations  of  cases  in  which 
they  measured  9  to  12,  10  to  U,  12  to  16,  and  1-i  to  18  /*  respectively; 
and.  similarly,  the  amoeboid  forms  may  shew  analogous  variations  in  size. 
Dobell  and  Jepps  ■  give  a  range  of  5  to  20  /*  for  the  diameter  of  enc\ 
E.    histolytica.     Dobell    describes  the   existence   of    five  such   distinct 

a.  These  are  probably  to  be  regarded  as  different  "strain.-." 
rather  than  different  varieties,  of  the  entamoeba,  although  some  writers 
have  endorsed  the  latter  view  by  giving  such  names  as  E.  histolytica 

<!<i  and  E.  histolytica  minutissima  to  the  small  and  very  small  forms 
sometimes  found.  The  cysts  are  fairly  resistent,  and  may  survive  several 
weeks  outside  the  body,  if  kept  moist  and  cool.  They  are  quickly 
killed  by  diving,  and  degenerate  more  rapidly  at  high,  than  at  low, 
temperatures. 

The  further  details  of  the  development  of  the  contained  spores  have 
not  been  completely  worked  out.  The  cyst-wall  is  little  affected  by 
gastric  digestion,  but  is  rapidly  dissolved  by  trypsin.  Schaudinn, 
by  feeding  cats  with  the  dried  faeces  containing  cysts,  succeeded  in 
producing  dysentery  in  these  animals,  great  numbers  of  amoebae  being 
afterwards  found  in  their  intestines;  and  similar  experiments  have  also 
been  successful  in  the  human  subject — the  incubation-period  varying 
greatly,  but  averaging  about  nine  days  till  the  appearance  of  cysts 
in  the  stools,  and  just  over  two  months  till  the  development  of  dysenteric 
symptoms  in  the  few  cases  which  developed  these.  Such  experi- 
mental observations  support  the  view  that  E.  histolytica  is  the  definite 
cause  of  one  of  the  forms  of  dysentery;  but  even  stronger  evidence 
i  be  found  in  the  regularity  of  the  occurrence  of  the  organism  in 
in  forma  of  the  disease,  and  the  constancy  of  its  relationship  to  the 
primary  and  secondary  lesions.  All  strains  of  E.  histolytica  are  capable 
of  producing  either  carrier-  or  active  dysentery-intectinns.  and  Dobell 
believes  that  "  virulent  "  and  " non-virulent "  races  of  the  parasite  do 
not  occur,  the  clinical  differences  being  explained  rather  in  terms  of  the 
varying  susceptibility  oi  nee  of  the  human  hosts.    The  infection 

is  usually  conveyed  from  man  to  man  by  the  contamination  of  food  or 
drink  by  laral  matter  containing  the  cysts.  Flies  may  act  as  agents  in 
this  contamination.     Some  workers  have  claimed  to  have  "cultivated" 

1  Wenyon  and  O'Connor,  Human  Intestinal  Prokmoa  in  th<  Near  East,  Wellcome 
Bureau  oi  Scientific  Research,  London,  1917,  p.  48. 

:  Dobell  and  Jepps,  "On  the  Three  Common  Intestinal  Entamoeba?  in  Man,'* 
British  Medical  Journal,  May  12.  1917,  p.  607. 


ANIMAL  PARASITES:   PROTOZOA  359 

E.  histolytica,  but  such  experiments  have  now  been  proved  to  be  falla- 
cious, and  due  to  confusion  with  certain  free-living  non-pathogenetic 
amcebee  often  also  found  in  the  stools ;  and  true  E.  histolytica  may  still 
be  regarded  as  not  cultivable  by  any  known  method. 

3.  ENTAMOEBA  GINGIVALIS  (Syn.  E.  buccalis,  Amoeba  dentalis,  etc.).— 
This  parasite  has  been  described  as  occurring  in  the  mouths,  especially 
the  gums,  of  persons  suffering  from  dental  caries  and  pyorrhoea ;  though  it 
may  also  be  found  when  these  conditions  are  not  in  evidence.  Its  presence 
appears  to  be  of  little  or  no  pathogenetic  significance,  and,  like  E.  coli,  it 
seems  to  be  merely  harmless  commensal.  It  somewhat  resembles  E.  histo- 
lytica and  E.  coli  in  its  various  morphological  characters.1  Its  reproductive 
cycle  has  not  been  fully  worked  out. 

4.  ENDOLIMAX  NANA  (Syn.  Entamoeba  or  Amoeba  nana,  etc.). -This 
parasite  is  a  small  amoeba,  measuring  5  or  6  to  10  or  12  fx  in  diameter, 
the  average  size  being  about  8  /x,  and  described  by  Wenyon  and  O'Connor  2 
as  being  one  of  the  commonest  protozoa  in  the  human  intestine  in  Egypt. 


* 0  «a 
o  o 


Fig.  170. — Endolimax  nana. 

a.  Active  amoeba  from  faeces,   shewing  structure  of  nucleus  and  cytoplasm,   the 

latter  containing  ingested  bacteria  in  digestive  vacuoles. 

b,  c,  and  d.  Uni-,  bi-  and  quadri-nucleate  cysts.     Note  especially  the  arrangement 

of  the  nuclear  chromatin,  the  large  karyosome  being  of  great  diagnostic  value. 
e.   Mature  quadrinucleate  cyst  with  filamentar  and  granular  inclusions,      x  1000. 

It  has  also  been  found  by  Dobell  and  Jepps  in  over  15  per  cent,  of  nearly 
500  soldiers  invalided  from  Gallipoli,  Salonica,  Mesopotamia,  France  and 
South  Africa,  etc.  The  trophozoite  or  amoeboid  form  may  be  vacuolated 
and  contain  englobed  bacteria,  or  may  be  more  or  less  homogeneous  in  appear- 
ance, the  latter  form  probably  preceding  encystment.  The  Cysts  are  spherical 
to  oval,  one  end  sometimes  being  slightly  narrower  than  the  other.  The 
rounded  forms  usually  measure  7  to  8  /a,  and  the  length  of  the  oval  forms  is 
8  to  10  jx.  The  nuclei  are  difficult  to  see  except  in  stained  specimens,  in  which 
one,  two,  and  four  nuclei  are  found.  The  typical  arrangement  of  the 
chromatin  in  these,  shewn  in  fig.  170,  aids  in  the  differentiation  of  this 
organism  from  E.  histolytica  cysts,  with  which  it  is  liable  to  be  confused.  It 
has  also  been  confused  by  some  writers  with  certain  free-living  amoeba}  of  the 
Limax  group,  which  are  occasionally  found  in  the  intestine.  E.  nana  is 
not  yet  known  to  have  any  pathogenetic  significance.  It  lives  in  the  con- 
tents of  the  intestine  as  a  harmless  commensal,  is  not  a  tissue-parasite,  and, 
from  a  pathological  point  of  view,  is  of  importance  only  because  of  its 
liability  to  be  mistaken  for  other  varieties  of  amoebae. 

5.  IODAMCEBA   BUTSCHLII  was  first  recorded  by  Prowazek  in  1912. 
Its  cysts  have  been  described  by  Wenyon  under  the  name  of  "  Iodine-cysts," 

1  For  a  description  of  these,  consult  Dobell,  loc.  cit.,  p.  0."). 

2  Loc.  cit.,  p.  90. 
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M  I. -cysts/'  or  "  I. -bodies, "'  because  of  the  presence  of  a  peculiar  iodine- 
staining  glycogen-mass  in  the  spherical,  oval,  or  irregularly  shaped  i 
The  amoeboid  form  Lb  a  small  organism,  intermediate  in  size  between  B.  coli 
and  E.  nana,  for  both  of  which  it  may  be  readily  mistaken.  In  the  living 
state,  unlike  E.  colif  its  nucleus  is  very  inconspicuous,  and  may  even  be 
invisible.      Onlv    by   the   characters   of  the   stained    nucleus   can   this  aneehii 


FlO.  171. — 1  odn maha  bUtechlii. 

a.  Active  amoeba  from  human  faeces,  shewing  nuclear  structure,  ingested  bacteria, 

and  projection  of  pseudopodia. 

b.  Pre-cystic  amoeba,  shewing  absence  of  cytoplasmic  inclusions. 

c    Early  encysted  stage,  shewing  glycogen-    vacuole,"  and  volutin-granules. 
d,   .Mature  cyst,  shewing  character  of  nucleus,  volutin-granules,  and  large  glycogen- 
vacuole,"  the  clear  space  being  due  to  artificial  removal  of  the  glycogen-mass 
during  the  preparation  of  the  specimen,     x  1000. 

be  distinguished  with  any  certainty ;  but,  when  encysted,  the  dark  mahogany- 
coloured  glycogen-body,  when  stained  with  iodine,  is  very  characteristic. 
The  organism  has  a  wide  geographical  distribution,  and  is  probably  non- 
pathogenetic.  It  rapidly  disappears  on  the  administration  of  emetine- 
bismuth  iodide  or  emetine;  whereas  these  drugs  have  practically  no  effect 
upon  infections  with  E.  coli  or  E.  nana. 

6.  DIENTAMCEBA  FRAGILIS  is  a  very  small  amoeba,  averaging  some 
8  to  9  fi  in  diameter.  The  living  amoeboid  form  is  very  actively  motile. 
The  majority  of  individuals  possess  two  nuclei,  which  require  to  be  stained 
to  render  them  clearly  visible.  Its  habitat  appears  to  be  the  colon,  and 
have  not  yet  been  discovered.  It  is  probably  a  harmless  commensal, 
and  is  apparently  unaffected  by  any  known  form  of  treatment. 

Urinary  Amoebiasis. — Various  cases  of  urinary  infection  with  amoebae, 
must  commonly,  it  was  thought,  with  E.  histolytica,  have  been  described; 
but   the.-,  are  not  very  well  authenticated,  though  there  appears  to 

be  no  reason  why  such  amoeba  should  not  occasionally  be  found  in  this 
situation,  secondary  amoebic  abscesses  being  known  to  occur  occasionally 
in  the  kidney. 


CLASS   II.— MASTIGOPHORA    (FLAGELLATA) 

1 .  TRYPANOSOMA.  Some  of  the  trypanosomes  parasitic  in  mammals 
are  of  special  importance,  because  of  their  pathological  effects.  Among 
these  are  T.brucei  of  Nagana,  a  disease  of  horses,  cattle,  and  other  mam- 
mals in  certain  parts  of  Africa  :  T.  evansi  of  Surra,  occurring  in  horses  and 
cattle  in  India  and  elsewhere  :  T.equinum  of  Mai  de  caderas  in  horses  in 
South  America:  T.  equiperdum  of  Dourine  (Stallion's  Disease)  in  horses 
in  Algeria  and  other  countries  :  the  Rat-Trypanosome,  T.  lewis i :  and  the 
especially  important    T.  gambiense,  the  organism  of  sleeping  sickness 
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and  Gambia  fever  in  the  human  subject,  and  T.  rhodesiense,  which  closely 
resembles  it.  The  latter  is  more  virulent  to  laboratory-  and  certain  other 
animals,  and  various  serological  differences  between  the  two  have  been 
described. 

All  these  species  present  morphological  features  which  are  practically 
identical,  and  render  distinctions  on  morphological  grounds  alone, 
in  some  instances,  almost  impossible.  They  all  possess  a  more  or  less 
spindle-shaped  or  eel-like  body,  along  one  side  of  which  runs  a  fin-like 
protoplasmic  structure,  the  undulating  membrane.  The  principal  or 
trophic  nucleus  is  well  marked  and  is  usually  placed  near  the  centre  of 
the  body.  At  or  near  the  posterior 
extremity  of  the  body,  is  a  granule 
or  rod  of  chromatin,  the  blepharo- 
plast  or  kinetic  nucleus  (micronucleus 
or  centrosome).  The  flagellum  takes 
origin  at  or  near  this  blepharoplast, 
and  passes  along  the  free  edge  of  the 
above-mentioned  undulating  mem- 
brane, following  all  its  sinuosities, 
and  reaching  to  the  anterior  ex- 
tremity of  the  body,  where  it  may 
either  terminate  or  be  prolonged  for  a 
variable  distance  as  a  free  flagellum . 
The  parasite  is  actively  motile. 
Multiplication  in  the  blood  takes 
place  by  binary  fission,  and  almost 
always  longitudinally  to  the  principal 
axis  of  the  bod}r.  The  blepharoplast 
and  the  nucleus  divide  first,  and  this 

is   followed  by  the  division  of  the 

a        n  a     j.1.        i_   j  £     ii  Fig.  172. — T.  gambiense  from  the  blood 

flagellum    and    the     body    oi    the      of  a  case  of  sleeping  sickness,    x  looo. 

organism.     In   some   trypanosomes, 

e.g.   T.  lewisi,  repeated  binary  fission  may  occur,  the  daughter-forms 

remaining  attached  to  one  another  by  their  posterior  ends,  leading  to  the 

formation   of   bunches  or  rosettes  of  the  parasites.     Resting  or  non- 

flagellate  forms,  usually  small  oval  bodies,  also  occur  in  the  bone-marrow, 

spleen,  and  other  internal  organs  of  the  vertebrate  host. 

Conjugation    between    male    and    female    elements    probably    takes 

place,  but  the  details  of  sexual   development  are  not  yet  completely 

known.     For  full  development,  a  second  invertebrate  host  is  probably 

necessary.      A  possible   exception  to  this  general  rule  is  the  case  of 

T.   equiperdum   of  Dourine,  where  transmission  is  said  to  take  place 

by  coitus.      For  the  other  species  mentioned,  a  dipterous  insect  seems 

to    be   the   second  host  required,  T.  gambiense  being  transmitted  by 

Glossina  palpalis,  and  T.  brucei  by  a  tse-tse  fly,  Glossina  morsitans, 
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which  is  also  the  probable  insect-carrier  of  T.  rhodesiense.  T.  lewisi,  the 
Rat-Tiypanosome,  is  carried  from  rat  to  rat  by  the  rat-flea,  and  probably 
also  by  the  dog-flea.     In  the  case  of  aquatic  animals,  the  trypanoao 

are  probably  transmitted  by  leeches.  In  the  blood  of  the  infected 
mammals,  the  parasites  may  be  pleomorphic,  for  example,  in  the  case  of 
T.  gambiense,  long,  thin,  and  short,  stumpy,  forms  may  be  found.  By 
some  writers,  these  have  been  regarded  as  male  and  female  forms  of  the 
parasite  respectively,  but  doubt  has  now  been  thrown  upon  this  view, 
and  the  presence  of  intermediate  forms  suggests  that  these  morphological 
variations  may  perhaps  be  merely  phases  of  division  and  growth.  A 
certain  periodicity — usually  about  a  week — of  the  organisms  in  the 
peripheral  blood  has  been  noted.  After  a  phase  of  active  division, 
during  which  the  parasites  swarm  in  the  blood,  they  gradually  disappear 
from  it,  and  are  found  in  the  cerebro-spinal  fluid,  lymph-glands,  and 
internal  organs,  especially  the  bone-marrow,  spleen,  liver  and  lungs. 
In  the  latter  organs,  the  parasites  may  become  transformed  into  "  latent  " 
or  "  resting,"  non-flagellate,  elongated,  oval  bodies,  resembling  Leishman- 
Donovan  bodies.  After  a  period  of  rest,  they  may  resume  their  flagellated 
trypanosome-form  and  re-enter  the  blood. 

Trypanosomes  have  been  cultivated  in  artificial  media  by  Now  and 
BfcNeal,  Smedlev,  and  others.  The  specificity  of  the  mammalian  and  insect 
hosts  required,  and  various  immunological  phenomena,  e.  g.  Trypanolysis, 
analogous  to  Bacteriolysis  (see  under  Immunity,  p.  469),  Serum-Treat- 
ment, etc.,  have  been  investigated,  and  are  of  importance  in  connection 
with  the  differentiation  of  the  various  species  of  Trypanosomes.  Closely 
allied  to  the  Trypanosomes,  are  other  flagellates,  such  as  those  belonging 
to  the  genus  Trypanoplasma,  found  in  the  blood  of  fishes,  etc. 

Development  in  the  Insect-Carrier,  e.  g.  in  the  Tse-tse  Fly. — The  trypano- 
Bomes  (e.  g.  T. gambiense)  ingested  with  the  infected  blood,  undergo  multiplica- 
tion in  the  mid-gut  of  the  insect.  After  ten  or  twelve  days,  long  thin  forms 
appear,  which  migrate  forwards  into  the  proventriculus,  from  which  they 
thm  pass  to  the  hvpopharynx  and  along  the  salivary  ducts,  and  reach  the 
salivary  glands  some  sixteen  to  thirty  days  after  the  fly's  feed.  In  the  salivary 
glands,  the  long  slender  trypanosome-forms  develop  into  shorter  and  broader 
BO-called  crithidial  forms.  These  multiply  in  the  glands  and  then  differentiate 
again  into  short,  broad  trypanosome-forms,  which  are  infective  when  the  fly 
again  bites  the  mammalian  host. 

A  considerable  amount  of  work  has  been  done  with  regard  to  the  investiga- 
tion of  the  life-history  of  T.  lewiri,  the  rat-trypanosome.  These  parasites 
appear  in  the  blood  of  the  rat  about  a  week  after  infection.  Rapid  multiplication 
then  occurs  by  equal  or  binary  longitudinal,  but  more  especially  by  multiple  un- 
equal, fission.  •  being  produced  by  the  latter  method.    When  the  infc 

l>l<x,<l  Lb  Ingested  by  the  ilea,  the  parasites  enter  the  epithelial  cells  of 
the  mid-gut,  within  which  they  <rro\v  to  form  large  spherical  bodies  in  which 
nuclear  division  occurs.  After  a  series  of  changes,  daughter-try panosomes, 
usually  eight  in  number,  are  produced  within  an  envelope  formed  by  the  peri- 
plast of  the  parent  parasite.  This  envelope  then  bursts  and  the.  young  trypano- 
somes make  their  way  out  of  the  epithelial  cell  into  the  gut,  and  pass  to  the 
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rectum  of  the  insect,  where  they  take  on  a  pear-shaped  crithidial  form,  attach 
themselves  to  the  wall  of  the  rectum,  and  undergo  binary  fission.  From  these 
forms,  small  trypanosomes  develop,  and  are  passed  in  the  flea's  faeces,  by 
licking  which  from  its  fur  the  rat  is  probably  infected. 

For  further  details  of  the  life-histories  of  other  varieties  of  Trypanosomes, 
the  reader  is  referred  to  Animal  Parasites  of  Man,  by  Fantham,  Stephens  and 
Theobald. 

2.  LEISHMANIA. — This  genus  includes  three  species  :— 

(i)  Leishmania    donovani,     the    parasite    of    "Indian"    Kala-Azar 

(Leishmaniasis),  a  disease  which  also  occurs  in  Ceylon,  Burma,  Indo- 

China,  China,  Syria  and  the     .  _ 


Sudan,  and  is  characterised 
by  progressive  emaciation, 
enlargement  of  the  spleen, 
and  anaemia  with  leucopenia. 
The  "Leishman-Donovan 
Bodies,"  as  they  are  usually 
called,  are  the  resting  stage 
of  a  flagellate.  They  are 
minute,  rounded,  ovoid  or 
slightly  pear-shaped  bodies, 
measuring  2  to  4  jn  by  1*5  to 
2  ju,  and  having  a  distinct 
cuticle.  The  cytoplasm  is 
often  vacuolated,  and  it  con- 
tains two  masses  of  chromatin 
— a  larger  spherical  one  (the 
nucleus),  placed  at  one  pole 
of  the  short  axis  of  the  body, 
and  a  smaller  rod-shaped 
one  (the  so-called  "  micro- 
nucleus,"  kinetic  nucleus, 
centrosome  or  blepharoplast), 
placed  at  the  opposite  pole. 
These  parasites  are  mainly  intracellular,  and  are  found  in  enormous 
numbers  in  the  endothelial  cells  of  the  capillaries  of  the  spleen,  liver, 
lymph-glands,  intestinal  mucous  membrane  and  bone-marrow,  and 
in  the  macrophages  of  the  spleen  and  bone-marrow.  They  may  also 
occur  in  comparatively  small  numbers  in  the  circulating  blood,  and 
are  taken  up  by  both  the  large  mononuclear  and  polymorphonuclear 
leucocytes.  The  complete  development  of  the  parasite  is  not  yet  fully 
worked  out.  Rogers,  Leishman,  and  others  have  succeeded  in  developing 
from  these  bodies,  when  grown  in  citrated  blood,  certain  uniflagellate 
herpetomonad  forms,  with  bodies  about  12  to  20  u  in  length.  Woik 
by  Patten  *  seems  to  point  to  the  bed-bug  as  an  agent  of  infection. 
1  Patten,  Scientific  Memoirs  of  the  Government  of  India,  1907,  No.  27. 


Fig.  173. — Leishman-Donovan  bodies  from  the 
spleen  of  a  case  of  Kala-Azar.     x  1000. 
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(ii)  Leishmania  tropica,  the  parasite  of  Cutaneous  or  Dermal  Leish- 
maniasis (sometimes  known  as  Oriental  or  Tropical  Sore,  Delhi  Boil, 
Aleppo  Button  -though  it  also  occurs  in  South  America  and  elsewl 

ery  similar  morphologically  to  L.  donovani.  This  disease  attacks 
especially  the  face  of  the  human  subject,  and  also,  it  is  said,  of  the  dog, 

(iii)  Leishmania  infantum,  the  cause  of  Infantile  Kala-Azar,  around 
the  Mediterranean  littoral,  and  in  Russia,  etc.,  so  closely  resembles 
L.  donovani  that,  by  some,  the  two  organisms  are  believed  to  be  identical, 
though  minor  differences  are  described.  Dogs,  kittens,  and,  occasionally, 
human  adults,  as  well  as  infants,  are  affected  naturally,  whilst  monkeys  are 
easily  inoculable.  The  parasite  is  probably  carried  by  fleas.  If  recovered 
from,  a  lasting  immunity  is  conferred  by  one  attack  of  the  disease. 

3.  SPIROCH/ETA. — A  vast  amount  of  controversy  has  taken  place 

0  the  exact  classification  of  these  organisms,  some  believing  them  to 
be  bacteria  and  allied  to  the  Spirilla :  others  regarding  them  as  protozoa, 
the  view  which  now  more  or  less  prevails:  whilst  a  third  set  of  writers 
(e.g.  Fantham,  Stephens  and  Theobald)  place  them  in  an  intermediate 
group  with  morphological  affinities  with  the  bacteria  and  physiological 
and  therapeutic  affinities  with  the  protozoa.  We  incline  to  the  second  of 
these  opinions,  but  the  discussion  is  an  unprofitable  one,  and  we  shall 
refer  to  them  simply  as  Spirochaetes.  They  are  long,  thin,  wavy,  thread- 
like organisms,  mostly  actively  motile,  and  the  different  species  shewing 
iderable  variation  in  length,  thickness,  number  and  character  of 
their  undulations,  method  of  progression,  etc.  The  typical  spirochaete 
possesses  a  definite  outer  covering  or  periplast,  in  the  protoplasm  within 
which  the  chromatin-material  is  distributed  more  or  less  diffusely  in  the 
form  of  granules  or  minute  rodlets.  Some  possess  a  spiral  membrane 
or  crista,  BUggestive  of  the  undulating  membrane  of  the  Trvpanosomes. 
but  which  is  stated  not  to  undulate.  For  some  members  of  the  group 
which  he  believed  not  to  possess  this  membrane  or  crista,  Schaudinn 
introduced  the  generic  term  Treponema,  under  which  he  described  the 
parasites  of  syphilis  and  yaws.  As  the  term  Spirochaete  is  now  so  widely 
used  lor  these,  both  in  popular  and  in  scientific  writings,  it  is  convenient, 
if  perhaps  not  strict ly  accurate,  to  adhere  to  it  for  the  present.  Only 
a  Bhorl  description  of  these  organisms  need  be  given  here,  as  they  are 
now  fully  dealt  with  in  textbooks  of  bacteriology. 

(i)  Spirochaeta  pallida  (Spironema  or  Treponema  pallidum)  of  Syphilis.1 
— This  organism  was  first  described  by  Schaudinn  and  HofTmann  in  1905 
as  the  cause  <»f  syphilis.  Its  average  length  is  about  7  //, and  its  width 
about  0*25  /'.  though  shorter  and  Longer  Conns  are  common.  It  usually 
shews  some  eight  or  ten  fine,  very  regular, deep, spiral  twists,  the  periplast 
being  prolonged  at  each  end  into  a  fine  pointed  proa  irded  by 

Borne  as  of  the  nature  of  flagella.    Certain  writ  piro- 

chastal  forms  to  be  merely  one  stage  in  the  life-history  of  the  parasite, 

1  See  p.  234  and  fig.  87. 
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and  describe  other  phases,  the  existence  of  which,  however,  still  lacks 
confirmation.  Sp.  pallida  is  found  in  the  primary  and  secondary  lesions, 
but  is  difficult  to  demonstrate  in  the  tertiary  eruptions.  Spirochetes 
have  been  detected  in  the  brains  of  cases  of  general  paralysis  of  the  insane 
by  Noguchi  and  Moore  and  by  Mott.  These  appear  almost  certainly  to 
be  Sp.  pallida,  although  Marie  and  Levaditi  consider  that  they  differ 
from  it  in  some  respects.  Sp.  pallida  has  been  successfully  cultivated 
by  Noguchi  under  strict  anaerobic  conditions;  and  can  be  inoculated 
into  chimpanzees  and  other  monkeys,  with  the  production  of  a  primary 
sore,  followed,  in  about  a  month,  by  secondary  symptoms.  Local  lesions 
can  also  be  produced  in  the  rabbit  by  inoculation  into  the  eye  and  testicle. 
Mott  has  suggested  that  there  may  be  more  than  one  variety  of  the 
organism.  A  cutaneous  reaction,  analogous  to  the  tuberculin-reaction, 
is  produced  in  syphilitic  subjects  by  inoculating  them  with  heated 
cultures — the  so-called  luetin-reaction. 

(ii)  Spirochseta  pertenuis  (Sp.  pallidula  or  Treponema  pertenue)  of 
Yaws  (Framboesia)  (see  p.  240). — This  organism,  which  was  first  described 
by  Castellani,  in  1905,  in  scrapings  from  yaws-pustules,  very  closely 
resembles  Sp.  pallida  morphologically.  Inoculation-  and  immunity- 
experiments  prove  that  these  two  species  of  spirochete,  and  the 
diseases  produced  by  them,  are  distinct  from  one  another. 

(hi)  The  Spirochetes  of  Relapsing  Fever  (Spirochetosis).— Spirochaeta 
recurrentis  (Sp.  obermeieri),  the  cause  of  the  European  variety  of  this 
disease,  is  found  in  the  peripheral  blood  during  the  attacks  and  relapses, 
but  not  in  the  intermissions,  of  the  fever.  The  infection  is  carried  mainly 
by  lice,  especially  P.  corporis — apparently  not  by  the  bite  of  these  insects, 
but  by  their  being  crushed  on  the  skin  in  the  process  of  scratching  by  the 
patient,  or  from  their  excreta,  the  spirochetes  being  thus  inoculated 
into  the  abrasions.  Infection  can  also  occur  through  the  conjunctiva, 
if  rubbed  with  contaminated  material.  Short  (7  to  9  ft)  and  long  (16  to 
19  ft)  forms,  with  an  average  breadth  of  0'25  ft,  and  sometimes  still 
longer  forms,  occur  in  the  blood.  Spirochaeta  berbera,  the  cause 
of  North  African  and  Egyptian  Relapsing  Fever  :  Spirochaeta  carteri, 
the  infective  agent  of  Indian,  and  probably  also  of  Mesopotamian,  Relapsing 
Fever  :  Spirochaete  rossii  of  East  African  (carried  by  the  tick,  Ornithodorus 
moubata) :  and  Spirochaete  novyi,  the  agent  of  North  American  Relapsing 
Fever,  are  all  closely  allied  varieties,  which  can  be  distinguished  from 
one  another  by  various  serological  and  inoculation-tests. 

(iv)  Spirochaeta  duttoni  of  African  Tick-Fever.— This  organism  very 
closely  resembles  Sp.  recurrentis,  Sp.  novyi,  and  Sp.  carteri  morpho- 
logically, and,  by  some  authorities,  it  is  regarded  as  identical  with  the  two 
latter  of  these  spirochetes.  Its  usual  vector  is  the  tick,  Ornithodorus 
moubata,  one  of  the  Argasidce  (see  p.  442),  the  excrement  of  which  carries 
the  infection ;  and  in  Somaliland  and  elsewhere,  a  similar  tick,  0.  savignyi, 
is  the  probable  transmitting  agent.     After  the  spirochetes  are  ingested 
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by  the  tick,  some  of  them  pass  through  the  wall  oi  the  'jut  into  the  h 
cavity  fluid,  make  their  way  into  the  cells  of  certain  organs  (e.g.  the 
Malpighian  tubules)  in  which  they  break  up  into  granules  or  coccoid  bodies. 
These  granules  may  pass  to  the  ovaries,  and,  1a-  infecting  the  ova,  may 
be  transmitted  to  the  young  ticks  derived  from  the 

(v)  Spirochseta  (Leptospira)  icterohsemorrhagiae.  This  is  the  infective 
agent  of  Infectious  or  Infective  Jaundice,  Spirochsetosis  Icterohaemorrhagica 
(see  p.  819,  Special  Pathology),  formerly  known  as  Weil's  Disease,  and  is 
found  in  the  blood,  urine,  cerebro-spinal  fluid,  and  blood-stained  sputum  in 

a  of  this  infection,  as  well  as  in  the  internal  organs,  especially  the  liver. 
Its  intermediate  host  is  the  brown  rat,  Mus  (Epimys)  norvegicus,  in  the 
urine  and  faeces  of  which  it  has  been  found.  The  rat  forms  the  reservoir 
of  infection — it  is  stated  by  Neill  that,  in  the  United  States,  probably 
some  10  per  cent,  of  all  wild  rats  carry  the  Sp.  icterohcemorrhagice  in  their 
kidneys,  and  excrete  it  in  their  urine ;  infection  of  rats  has  also  been  found 
in  Scotland,1  France,  Belgium,  North  Africa,  etc.,  and  Fullerton  has  recently 
detected  it  in  four  out  of  a  hundred  and  one  London  rats  examined  (1919) ; 
but  the  exact  method  of  transmission  of  the  organism  to  man,  and  whether 
it  is  conveyed  by  some  insect,  or  by  contaminated  food  or  water,  has  still 
to  be  determined.  It  may  possibly  obtain  entrance  through  skin -abrasions, 
or  by  way  of  the  naso-pharyngeal  or  other  mucous  membranes.  A 
primary  lesion  in  the  tonsillar  crypts,  of  the  nature  of  a  small  vesicle,  has 
been  described.  The  disease  specially  affects  the  liver,  which  the  organism 
probably  reaches  by  way  of  the  blood-stream,  and  not  as  an  ascending 
infection  from  the  duodenum.  Serum-treatment  of  the  disease  has  met 
with  considerable  success.  One  attack  confers  a  lasting  immunity, 
and  many  individuals  appear  to  be  more  or  less  naturally  immune  to  the 
disease.  Children,  and,  among  soldiers,  recruits  from  country  districts, 
arc  more  liable  to  the  disease,  both  when  sporadic  and  epidemic.  Other 
spirochetal  forms  of  jaundice,  e.  g.  occurring  in  Albania  (spread  by 
lice),  and  in  France,  during  the  War  (French  Spirochetosis,  in  which  the 
organism  found  has  been  called  Sp.  pettiti),  appear  to  be  due  to  other 
varieties  of  spirochete,  and  not  to  Sp.  icterohcemorrhagice. 

The  spirochete  (Sp.  morsns  murium),  which  causes  one  form  of  Rat- 
Bite  Fever,  may  also  belong  to  this  new  group. 

[Spirochetes  have  been  described  as  occurring  in  the  urine  in  Trench 
Fever,  War  Nephritis,  etc.,  but  it  has  not  yet  been  determined  whether  they 
were  merely  accidental  accompaniments.] 

(vi)  Leptospira    icteroides. — Noguchi  2    has    recently    described    the 

nee   of  this   organism   in   cases  of  the   "Yellow  Fever  occurring 

in  Guayaquil/1  which  he  regards  as  identical  with  the  classical  Yellow 

1  See  <;.  Lovell  Gulland  and  George   Buchanan,  "Spirochjel  rohjemo- 

rrhagioa  in  Bast  Lothian."'  Brit.  Med.  Jour.,  Feb.  23,  L924,  p.  313. 

-  Noguchi,  Journal  of  Experimental  M  edicine,  Baltimore,  1919,  vol.  xxix.  pp.  647- 
96;  vol.  \\\.  p.  1,  et  seq.  ;  and  vol.  xxxi.  pp.  135  and  159. 
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Fever,  though  this  assumption  still  awaits  further  confirmation.  The  dis- 
ease was  transmitted  to  guinea-pigs  by  inoculating  them  intraperitoneally 
with  the  blood  of  cases  of  this  fever,  the  organism  being  recovered 
from  their  blood,  liver  and  kidneys ;  and  he  has  also  grown  it  directly 
from  the  blood  of  these  "  yellow-fever  "  patients,  as  well  as  finding  it  in 
the  blood  itself  with  the  dark-ground  illuminator.  It  closely  resembles 
Leptospira  icterohcemorrhagice  morphologically,  but  differs  from  it  im- 
munologically. Its  relationship  to  the"  Stegomyia  mosquito,  the  known 
carrier  of  Yellow  Fever,  has  still  to  be  worked  out,  though  a  disease 
resembling  yellow  fever  was  produced  in  some  of  a  number  of  guinea- 
pigs  bitten  by  this  insect  engorged  with  the  blood  of  these  patients. 

(vii)  Spirochseta   vincenti   of   Fusi-Spirochaetal   Infections,   including 
Vincent's   Disease. — This   organism,   usually   in   close   association   with 


•!• 
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Fig.   174. —  Vincent's  Angina.     Scraping  from  ulcer  on  tonsil,  shewing  the  typical  fusi- 
spirochietal  character  of  the  infection.     Stained  by  Irishman's  method,      x  1000. 

B.fusiformts,  is  the  cause  of  various  fusi-spirochaetal  infections,  of  which 
Vincent's  Angina  (see  p.  741,  Special  Pathology) — or  preferably 
Vincent's  Disease,  as  the  tonsillar  affection  is  merely  one  form  of  its 
manifestations — and  ulceration  of  the  gums  are  the  most  important. 
The  latter — fusi-spirochaetal  pyorrhoea— is  extremely  common,  almost 
every  case  of  pyorrhoea  examined  by  the  authors  shewing  enormous 
numbers  of  these  two  organisms  in  varying  proportions,  along  with 
other  varieties  of  spirochaetes,  leptothrix-  and  mould-like  filaments 
and  mixed  cocci  and  bacilli,  including  streptococci.  The  infection 
of  the  gums  is  probably  the  commonest  primary  site  of  such  infections, 
which  may  attack  the  tonsil  (Vincent's  angina),  palate,  cheek  and 
other  parts.  These  two  organisms  also  very  frequently  occur,  in 
varying  proportions,  in  the  concretions  so  often  found  in  the  tonsillar 
crypts,  and,  in  such  cases,  actual  ulceration  need  not  necessarily 
supervene.     It  is  extremely  probable   that  many   at    present   obscure 
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conditions  of  anemia,  "rheumatic"  and  "rheumatoid"  affections, 
etc.,  owe  their  origin  to  pyorrhoeic  and  other  infections  of  this  nature, 
either  from  absorption  of  toxins  generated  locally,  or  of  certain  of  the 
organisms,  primary  or  secondary,  e.g.  the  streptococci  almost  invariably 
also  present.  In  such  fu  si -spirochetal  infections,  the  Wassermann  blood- 
ive;  and,  should  a  positive  reaction  occur  in  such  cases,  it 
points  to  the  co-existence  of  a  double  infection  with  this  disease  and 
syphilis.  The  spirochete  is  from  12  to  25  /<  or  more  in  length,  with 
tapering  extremities  and  comparatively  few,  usually  five  or  six,  wide 
and  often  irregular  coils  or  undulations.  It  is  motile,  gram-negative,  and 
anaerobic. 

(viii)  Spirochaeta  schaudinni  of  Ulcus  Tropicum.— Tropical  ulcer  is 
a  form  of  phagedenic  ulcer  found  in  India,  East  Africa,  and  elsewhere. 
It  appears  to  be  due  to  a  spirochete,  Sp.  schaudinni,  in  association 
with  fusiform  bacilli,  and  usually  also  with  various  bacilli  and  cocci, 
yeasts,  etc.  It  specially  attacks  debilitated  persons,  the  lower  third  of 
the  leg,  ankle,  and  dorsum  of  the  foot  being  its  commonest  site.  A 
small  tender,  itchy  papule  or  bleb,  surrounded  by  an  inflammatory  zone, 
first  appears,  rapidly  breaking  down  to  form  a  shelving  ulcer  covered 
with  foul-smelling  greyish  purulent  discharge.  Necrosis  and  sloughing 
of  varying  extent  usually  follow,  and  the  process  of  healing  is  slow. 
Scrapings  of  the  base  and  edges  give  preparations  closely  resembling 
those  from  Vincent's  angina. 

For  an  account  of  numerous  other  forms  of  Spirochete  which  are  found 
in  man  (e.  g.  Sp.  dentium,  buccalis,  bronchialis,  phagedenis,  refringens,  etc.), 
and  in  animals  (Sp.  amerina  in  geese,  Sp.  gallinarum  or  marchouxi  in  fowls, 
Sp.  theileri  in  cattle,  Sp.  ovina  in  sheep,  Sp.  laverani  or  muris  in  mice, 
and  numerous  others),  books  on  Bacteriology  and  the  original  papers 
should  be  consulted.  Many  of  these  still  await  classification,  and  it  is  probable 
that  various  diseases  of  still  unknown  causation  may  prove  to  be  spirochetal 
in  origin. 

4.  TRICHOMONAS.— This  genus  belongs  to  the  order  Polymastigina. 
T.  intestinalis  is  one  of  the  commonest  intestinal  flagellate  parasites  of 
man.  its  usual  habitat  being  the  caecum  and  large  intestine,  where  it 
may  sometimes  occur  in  enormous  numbers.  It  is  usually  regarded  as 
more  or  less  harmless  to  its  host,  and  it  is  also  found  in  rats,  mice,  fowls 
and  other  animals.  It  is  a  | >« -a i  shaped  organism,  varying  greatly  in 
size,  from  5  to  15  ft  in  length.  Its  anterior  end  is  blunt  and  possesses 
three  flagella,  whilst  an  undulating  membrane,  beginning  anteriorly, 
has  a  flagellar  margin  which  is  prolonged  posteriorly  into  a  line  tail-like 
projection.  The  nucleus,  with  the  chromatin-granufe  just  in  front  of 
it  at  the  roots  of  the  flagella,  lies  anteriorly,  and  the  protoplasm  is  often 
vacuolated.  In  certain  stages  of  their  development,  the  flagellum  along 
the  border  of  the  undulating  membrane  and  the  three  anterior  flagella 
are  lost,  the  parasite  becomes  oval  or  rounded,  and  difficult  to  recognise. 
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unless  it  is  still  alive  on  the  warm  stage,  when  it  may  shew  a  very  peculiar 
movement,  a  long  tongue-like  protoplasmic  projection  being  shot  out 
from  the  side  anteriorly  and  passing  backwards  with  a  motion  that  may 
be  compared  to  the  licking  of  a  camel's  tongue,  the  projection  becoming 
shorter  as  it  passes  backwards,  the  process  being  repeated  at  intervals 
of  a  few  seconds,  with  a  regularity  almost  suggesting  the  movement  of 
the  escapement-wheel  of  a  watch.  Before  it  was  recognised  that  this 
was  merely  a  phase  in  the  life-history  of  Trichomonas,  forms  shewing 
this  peculiar  movement  were  described  by  Castellani  under  the  name  of 
Amoeba  undulans,  as,  when  this  movement  ceases,  the  organism  comes 
to  resemble  a  small  amoeba.  The  further  stages  of  its  life-cycle,  and 
possible  encystment,  have  not  yet  been  worked  out. 

T.  vaginalis  is  a  somewhat  similar,  but  slightly  larger,  organism  found 
in  the  acid  vaginal  secretion  of  the  human  female,  and,  very  rarely,  in 
the  male  urethra. 

5.  TETRAMITUS. — T.  mesnili  (Syn.  Chilomaslix  or  Macrostoma 
mesnili)  was  discovered  by  Wenyon  in  1910.  It  resembles  Trichomonas 
in  possessing  three  long  fine  anterior  flagella,  but  is  described  by  Wenyon 
as  not  having  a  large  external  undulating  membrane,  but  possessing  a 
large  cytostome  or  longitudinal  groove,  within  which  lies  embedded 
another  flagellum  attached  to  the  edge  of  a  small  undulating  membrane. 
The  posterior  end  is  elongated  and  pointed.  Tetramitus  cysts  are  oval 
and  transparent  bodies,  some  7  or  8  /« in  length.  Degenerated  forms  of  the 
parasite  are  difficult  to  differentiate  from  similar  forms  of  Trichomonas 
and  from  Entamoeba.    It  appears  to  be  non-pat hogenetic. 

6.  LAMBLIA. — L.  intestinalis  (Syn.  Giardia  intestinalis,  Megastoma 
intestinale,  L.  duodenalis)  is  a  comparatively  common  intestinal  parasite  in 
man,  and,  though  regarded  by  many  as  non-pathogenetic,  is  certainly, under 
some  circumstances,  a  cause  of  chronic  intestinal  irritation  and  catarrh. 
It  frequently  occurs  in  patients  suffering  from  other  infections  and  diseases, 
such  as  dysentery,  intestinal  cancer,  etc.  Lamblia  inhabits  especially 
the  duodenum  and  jejunum,  to  the  mucous  membrane  of  wliich  it  adheres 
by  means  of  a  large  oblique  sucker-like  depression,  with  a  raised  margin, 
on  the  anterior  portion  of  the  ventral  aspect — the  dorsum  being  convex, 
and  the  posterior  tapering  extremity  or  tail  terminating  in  two  flagella. 
Three  other  pairs  of  flagella  (the  positions  of  which  can  be  seen  in  fig.  175) 
originate  in  a  paired,  centrally  placed,  rod-like  organ,  the  axostyle,  on 
each  side  of  which  is  a  nucleus,  giving  a  peculiar  face-like  appearance 
to  the  organism.  If  examined  in  recently  passed  specimens  of  fav 
this  unencysted  form  of  the  parasite  is  seen  to  be  very  actively 
motile,  but  it  soon  loses  its  motility.  It  may  make  its  way  into  the 
intestinal  tubular  mucous  glands.  It  varies  in  length  from  about 
twelve  to  eighteen  microns.  Individuals  infected  with  Lamblia  often 
pass  the  encysted  form  in  enormous  numbers,  the  free  form  being 
usually  only  found  during  attacks  of   diarrhoea.     The   cysts    are    oval 
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or  slightly  egg-shaped  bodies  (10  to  L5  ,"   long,  and   7  to   9  /*  across), 
within  which  may    1"'   seen   either  two   nuclei,   or  two   pairs  for 
by  the  division  of  these,  the  paired  rod-like  organ,  etc.     Within  these 
s,   division   into   two   usually   takes    place,   the    resulting   pair   of 
embryos  lying  closely   packed   "  heads  and  tails."*   and  the  sinuous  line 


Fig.  175. — Lai  nil  in  intestinal  is. 

<i.  Ventral  aspect,  Bhewing  paired  nuclei,  four  pairs  of  flagella,  etc. 

//  and  //.    Lateral  view,  shewing  sucker-like  ventral  depressed  area. 
c  and  '/.   Encysted  forms. 
e.  Degenerated  form,      y   1000. 

/.    Diagram  (more  highly  magnified)  shewing  origins  and  arrangement  of  the  four 
pairs  of  flagella  from  the  paired  rod  like  organs  or  azostyles. 

between  them  often  being  the  first  phenomenon  to  attract  attention  on 
microscopical  examination  {see  fig.  175e).  Infection  with  this  parasite  is 
extremely  resistant  to  treatment.     It  occurs  also  in  rats,  mice,  rabbits, 

cats  and  sheep,  as  well  as  in  man. 


CLASS  III.     SPOROZOA 

ORDER  :  GREGARINIDA 
None  of  the  Gregarinea  is  known  to  be  parasitic  in  man. 


ORDER:  COCCIDIIDEA 
COCCIDIA.-  Th  small,  oval  bodies  bom  :)<»  to  -lo  u  in  length 

and  from   lo  t<>  -Jo  //  in  width.     They  are  surrounded  by  a  tough  capsule. 
enclosing  a   mass   of   granular  protoplasm   with  a  definite   nucleus — the 

whole  structure  somewhat  resembling  an  ovum.     Thev  are  intracellular, 
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and,  in  the  ordinary  type  found  in  the  liver  of  the  rabbit  (Coccidium 
oviforme),  the  parasites  occupy  principally  the  cells  lining  the  biliary 
passages,  though  they  may  also  be  found  in  the  liver-cells  and  some- 
times in  cells  in  the  mucous  membrane  of  the  intestine.  They  cause 
considerable  proliferation  of  the  tissues  in  which  they  lie;  and,  in  the 
liver,  irregular  spaces  lined  by  epithelium  and  with  branching  papilliform 
projections  may  be  found,  giving  rise  to  an  appearance  somewhat  re- 
sembling an  adenomatous  cancer.  In  the  cells  lining  these  spaces,  and 
also  free  in  the  cavities,  numerous  Coccidia  may  be  seen. 


Fig.  176. — Liver  from  a  Rabbit  with  Coccidiosis,  shewing 
adenoma -like  structure  of  cj'st.     x  60. 

Infection  takes  place  by  swallowing  spores  or  sporulating  parasites, 
which  are  acted  upon  by  the  digestive  juices,  the  contained  sporozoites 
being  thus  liberated.  Each  sporozoite  enters  an  epithelial  cell  in  the 
wall  of  the  intestine,  and  may  pass  through  the  wall  and  migrate  to  the 
most  suitable  habitat — e.g.  the  cells  of  the  biliary  passages.  There  it 
absorbs  nourishment  and  grows  rapidly  to  the  adult  form,  in  which 
multiplication  takes  place,  either  by  schizogony  (endogenous  "  spore-  " 
formation),  or  by  sporogony  (exogenous  spore -formation).  The  adult  form 
which  multiplies  by  the  former  method  is  called  a  schizont,  and  that 
which  multiplies  by  the  latter  is  termed  a  sporont.  In  the  fully-grown 
schizont,  the  nucleus  divides  repeatedly  into  several  nuclei,  around  each 
of  which  the  protoplasm  collects,  and  thus  merozoites  are  formed.     These 
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merozoites  are  now  simply  enclosed  in  the  remains  of  the  host-cell.  They 
then  become  free,  attack  fresh  cells  of  the  host,  and  thus  |  new 

generation,  which  in  course  of  time  grows  to  become  either  the  fully- 
formed  schizonts  or  sporonts.  Tims  schizogony  re]  the  asexual 
cycle  in  the  life-history.  Under  certain  condition-,  sporogony  or  true 
spore-formation  takes  place,  and  this  is  preceded  by  conjugation  between 
two  individuals -the  male  and  female  gametes — i.e.  there  is  sexual 
dimorphism,  conjugation,  and  alternation  of  generations  in  Cocci 
The  male  sporont  produces  several  microgametes,  and  one  of  tie 
with  the  female  sporont,  which,  after  maturation,  becomes  the  macro- 
gamete.  This  fertilised  element  becomes  encysted  to  form  the  oocyst, 
within  which  division  takes  place  and  four  sporoblasts  are  formed,  from 
each  of  which  two  sickle-shaped  sporozoites  arise.  The  sporozoites,  still 
enclosed  within  the  wall  of  the  oocyst,  pass  into  the  intestine  and  escape 
with  the  fseces.  Only  four  or  five  definitely  authenticated  case- 
hepatic  coccidiosis  are  known  to  have  occurred  in  the  human  subject, 
though  various  coccidial  bodies  have  not  infrequently  been  found  in  the 
faeces. 

The  disease  known  as  "  red  dysentery  "  of  cattle  is  ascribed  to  a  closely 
allied  species,  Ein  'Ice,  which  is  also  parasitic  in  rabbits;  whilst 

<ni  a  in  is  of  importance  as  the  cause  of  fatal  epizootics  among  poultry  and  game- 
birds.  Isospora  bigemitta,  a  similar  parasite  infesting  the  intestinal  villi 
of  dogs,  cats  and  other  animals,  may  also  occur  in  man. 

ORDER:  HiEMOSPORIDIA 

The  Ha  mosporidia,1  &  more  or  less  provisional  order,  are  parasites  infesting 
cither  the  red  or  white  blood-corpuscles  of  vertebrates,  exhibiting  the  alternat- 
ing phases  of   schizogony  and  sporogony,  and  also  requiring   alternation  of 

B,  e.  g.  a  blood-sucking  arthropod  or  leech,  for  the  completion  of  the  latter 
phase  or  cycle. 

They  may  he  grouped  for  convenience  into  the  following  live  main  groups 
or  types  : — 

1.  Plasmodiidae  or  Haemamcebidae  :  Plasmodium  or  Haemamoeba  type, 
including  the  malarial  parasites  of  man  and  birds,  and  requiring  a  mosquito 
a-  invertebrate  host. 

2.  Halteridium  or  Haemoproteus  type,  infesting  the  red  corpuscles  of 
birds,   forming  a   horse-shoe  or  "halter"   round  the  undisplaced   nuclei, 

tin-  cell. 

Leucocytozobn  type,  occurring  in  the  mononuclear  Leucocytes  and 
erythroblasts  (young  red  corpuscles)  of  birds.  They  are  allied  to.  and  should 
perhapa  be  included  in.  the  Hojmamabida. 

4.  Haemogregarinidae  :    Haemogregarina  type,   found    mostly  in  the 
corpuscles,  and  occasionally  in  the  LeUCOCyfc  t  tain  mammals  and  birds, 

and  especially  of  fishes,  reptiles  and  amphibians  transmitted  by  arthro- 
pods and  leeches  according  to  tl  iquatic  habit  of  the  host. 
Bismogregai  i  losely  allied  to.  and  possibly  even  identical  with,  the 
Coccidia. 

1    Fan th Am,   Stephens   and  Theobald     Animal   1'  '  :•■.    1916,    p.    742 

State  that  it  is  likely  that  the  order  HcBMOSporidtQ  may  BOOD  be  abolished.  We 
meantime  retain  it,  with  the  above  reservations,  merely  as  a  matter  of  0  nvenience. 
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Fig.  177. — Semi-diagrammatic  representation  of  the  development  and  life-cycle  of 
the  malarial  parasite — chiefly  of  Plasmodium  vicax,  the  crescentic  gametocytes  being 
introduced  in  parallel  for  completeness.     For  details  see  text. 
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5.  Babesiidae  or  Piroplasmidae  :  Babesia  or  Piroplasma  type,  attacking 
the  red  corpuscles  of  mammals.  These  vary  in  shape  in  the  different  members 
of  this  group,  and  are  transmitted  by  ticks. 

MALARIAL  PARASITES  (Plate  XIII.  and  fig.  177,  Plate  XII.).— 
There  are  at  least  three  species  of  malarial  parasites  found  in  the  human 
subject — Plasmodium  vivax,  the  tertian  parasite  :  P.  malarias,  the  quartan 
parasite  :  Laverania  malarias  (Plasmodium  immaculatum}  or  P '.  falciparum) , 
the  parasite  of  tropical,  pernicious,  or  sestivo -autumnal  malaria.1 

These  three  parasites  are  distinguished  from  one  another  both  by 
their  morphological  characters  and  their  effects  upon  the  host.  Each 
has  an  endogenous  and  an  exogenous  life-cycle,  the  former  within  the 
human  host,  the  latter  in  the  body  of  a  mosquito.  The  endogenous 
cycle  (schizogony)  goes  on  in  the  blood,  or  in  some  of  the  internal  organs, 
of  the  human  subject,  for  an  indefinite  period,  until  the  asexual  repro- 
ductive faculty  of  the  parasite  is  exhausted,  or  until  the  parasite  itself 
has  been  destroyed  by  spontaneous  natural  cure  or  by  artificial  medicinal 
interference;  whilst,  in  the  mosquito,  sporogony  takes  place  as  a  result 
of  conjugation  between  male  and  female  parasites — this  form  of  pro- 
pagation being  necessary,  it  is  said,  for  the  ultimate  continuation  of  the 
species. 

PLASMODIUM  VIVAX,  the  parasite  of  Benign  Tertian  Malaria 
(Plate  XIII.  and  fig.  177,  Plate  XII.). — The  sporozoites  or  true  spores, 
derived  from  the  sexual  cycle  in  the  mosquito,  are  introduced  into  the 
blood  of  the  human  host  by  the  bite  of  the  infected  insect.  After  inocula- 
tion, certain,  as  yet  imperfectly  understood,  changes  take  place  in  the 

1  Muir  and  Ritchie,  in  their  Manual  of  Bacteriology,  seventh  edition,  pp.  633-4. 
adopt  the  following  terminology,  "  chiefly  that  of  Grassi  and  Filetti  "  : — 

Family:   HiEMAlVKEBID^E  (Wasielewski). 

Genus  I. — Hsemamceba.   The  mature  gametocy tes  resemble  in  form  the  schi  zonts 

before  segmentation  has  occurred. 
Species  1.  Hcemamceba  danilewski  or  halter idium. — Parasite  of  pigeons,  crows,  etc. 
Species  2.  Hcemamceba  relicla  or  proleosoma. — Parasite  of  sparrows,  larks,  etc. 
Species  3.  Hcemamceba  malarial   (Plasmodium   malarice). — Parasite  of   quartan 

fever  of  man. 
Species  4.  Haimamocba  vivax  (Plasmodium  vivax). — Parasite  of  tertian  fever  of 

man. 
Genus  II. — Haemomonas.    The  gametocytes  have  a  special  crescentic  form. 
Species:  Hcemomenas  prcecox  (Plasmodium  falciparum). — Parasite  of  malignant, 

sub-tertian,  or  scstivo-autumnal  fever  of  man. 

Manson,  in  his  Manual  of  Tropical  Diseases,  fifth  edition,  1914,  p.  51  and  pp.  78-9, 

arranges  malarial  parasites  thus  : — 

Benign       |  %mItan  :  IJJ^&T  maUrice)  Do  not  form  orcsoeota. 

&  |  Tertian  :  Plasmodium  vivax       J 

|  Sub-tertian  :  Ijxverania  malaria  (Plasmodium]  ^  jaoenta 

falciparum)  I 

Malignant     Quotidian  :  Laverania  prcecox— pigmented      i  s         ,^d  to  fnr,„ 
Quotidian  :  Laverania  immaculala — unpig-      .      Scenta 

V.     mented.  ' ( 

Many  authorities  refuse  to  recognise  more  than  one  ipeciee  of  malignant  parasite. 
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sporozoites,  and  the  rod-shaped  bodies  become  small  amoeboid  j 
which  are  seen  free  in  the  blood  and  lying  in  close  apposition  to  the 
envelope oi  the  red  blood-ooipu  Small  protoplasmic  processes  from 

them   penetrate  the   envelope,   and   are  seen   projecting  into  the  i 
plasm,  and  gradually  the  whole  oite  enters  the  red  cell,  probably 

In  virtue  of  its  amoeboid  movement.    In  the  red  blood-corpuscl* 
appears  as  a  small,  irregularly  rounded  mass  of  protoplasm,  clear  and 
apparently  structureless,  with  a  chromatin  granule  (the  nucleus),  which 
stains   bright    red   with  eosin  :    and,  very  commonly,  a  clear,  more  or 

rounded,  unstained  area  near  the  centre  (the  vacuole) — the  whole 
parasite  at  this  stage  having  somewhat  the  appearance  of  a  signet-ring. 
These  young  trophozoites,  as  they  are  now  called,  gradually  enlarge, 
coming  to  occupy  more  and  more  of  the  interior  of  the  red  blood -corpuscle. 
As  ill-  parasite  increases  in  size,  fine  granules  of  brownish  melanin-  or 
hasmozoin-pigment  collect  in  its  protoplasm;  whilst  the  surrounding 
cytoplasm  of  the  red  corpuscle  may  come  to  shew  the  characteristic  fine 
red  Btippling  with  Schuffner's  dots,  if  stained  with  Irishman's  or  other 
modification  of  the  Romanowsky  method.  At  a  later  stage,  the  vacuole 
disappears,  and  the  red  corpuscle,  which  has  become  larger  in  size  and 
paler  in  colour,  is  now  seen  to  be  occupied  by  an  irregular,  actively 
amoeboid  mass  of  protoplasm  possessing  a  nucleus  and  containing  particles 
of  melanin-pigment.  Still  later,  the  parasite  almost  completely  fills  the 
corpuscle;  and,  in  a  large  proportion  of  the  individual  parasites,  the 
nucleus  undergoes  division  into  from  sixteen,  or,  less  commonly,  twenty- 
four  parts,  scattered  irregularly,  or  sometimes  arranged  very  regularly, 
round  the  periphery,  and  the  pigment  is  collected  at  or  near  the  centre. 
Before  this,  however,  the  amoeboid  movement  has  to  a  very  large  extent 
ceased,  and  the  irregular  protoplasmic  body  is  then  known  as  the  schizont. 
The  protoplasm  next  segments  and  collects  round  the  parts  of  the  divided 
nucleus,  and  thus  are  formed  usually  sixteen,  and  occasionally  twenty- 
four,  merozoites.     These  are  minute  spherical  bodies  grouped  more  or 

regularly  round  the  residual  protoplasm,  forming  a  rosette-  or  grape- 
cluster-like  mass.  During  this  process  of  schizogony,  the  infected 
corpuscles  gradually  disintegrate,  and,  when  the  process  is  complete,  the 
merozoites  are  free  in  the  blood-plasma.  They  wander  off,  leaving  the 
residua]  protoplasm,  and  also  the  pigment,  which  is  taken  up  by  U 

mononucleated  phagocytic  cells,  and  carried  by  thetn  to  various  org 

and  tis8U<  <iallv  the  spleen,  liver  and  hone-marrow,  in  which  it  is 

deposited,  producing  in  them  the  characteristic  malarial  pigmentation. 
Some  of  the  wandering  merozoites  are  ingested  and  digested  by  leucoc; 
and  other  phagocytic  cells,  but  some  escape  this  fate,  and  attack  and  enter 
fresh  ted  blood-corpuscles,  where  they  become  the  trophozoites  of  a 
nerl  generation.  The  development  and  freeing  oi  merozoites  in  this 
ial  form  of  multiplication  take  place  every  forty-eight  hours,  and 
coincide  with  the  pyrexia]  attacks,  which  thus  recur  every  other  daw 
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exual  cycle  of  the  parasite  [Plasmodium  I  Simple  Tertian  Malaria. 

a.     The  mem/  1  from  the  red  cell  and  becoming  - -att.-rvd.      K 

pigment. 
b.c. — The   young  amoeboid  parasites  (merozoites)  entering  the  red  blood -corpuscles 
ami  becoming  trophoaoil 
'/.    The  parasite  (trophozoite)  in  the  corpuscle.    The  nucleus  (red)  and  the  unstained 

central  vacuole  are  shewn. 

i  /.</  ihewing  gradual  increase  in  size  of  the  trophozoite,  with  accumulation  of 

pigment  in  it-  protoplasm.    The  infected  red  oorpusolei  are  also  increased 

\  further  Btage,  in  which  the  parasite  almost  fills  the  rod  corpuscle.     T! 
ment  has  accumulated  at  the  centre,  and  the  chromatin-granulo  h 

divided  into  numerous  scattered  particles. 

'.;./..     Various  Btages  in  the  segmentation  of  the  parasite  (segmenting  schizonts)  by 
which  the  merozoites  are  formed. 
/. — Mien  yto  (male  sporont). 

M     rogametocyte  (female  sporont). 
n. — Amoeboid  mononucleated  cell  which  has  ingested  some  of  tho  pigment.  1000 


Ik;.  2. — Film  of  blood  from  a  case  of  Quartan  Malaria  shewing  varion  in  the 

\ual  life-cycle  of  the  parasite  {Plasmodium  malarias), 
n.h.     Young  trophozoite  in  red  corpuscle. 

More  advanced  trophozoit 
<j.h. —  Forms  shewing  segmentation. 
•'. — Merozoites  with  central  mass  of  pigment 
k. — Polymorphonuclear  leucocyte.  1000 


3.     Film  of  blood  from  a  case  of  Pernicious  Malaria  [Laverania  malarias). 
a. — Free  merozoite. 
b.c. —  Merozoite  entering  red  corpuscle. 
d. — Merozoites  (ring-form  of  parasite)  in  red  corpuscles. 
d'. — A  red  corpuscle  containing  two  parasites. 

-Mierogametocyte  or  male  sporont  in  red  corpuscle. 
/.      M.i '-rogametocyte  or  female  sporont  in  red  corpuscle. 

Mononucleated  cell. 
h.— Blood-plateleU.  X  1000 


Fio.  4.    Phagocytosis. 

Polymorphonuclear  leucocyte  containing  Beyeral  ingested  diplococci. 

b. —  Polymorphonuclear  leucocyte  which  US  I  numerous  bacilli. 

c. —  Polymorphonuclear  leucocyte  which  bi  I  ■  red  blood-corpuscle. 

Mononucleated    cell    with    pseudopodia    projected    around    a    polymorphonuclear 

leucocyte  which  it  is  iii  the  act  of  ingesting. 
e. — Mononucleated  cell  which  bai  ingested  ■  leucocyte  and  s  red  corpuscle. 
Mononucleated  cell  from  the  bone-marrou ,  which  has  ingested  numerous  tax  i 

which  are  seen  in   various  .stages  of  disintegration 

Special  Path"! 

Large  mononucleated  phagocytic  cell  from  the  bone-marrow,  shewing  in 

dopodia  and  ingestion  of  polymorphs. 
\  large  mononucleated  cell  from  the  bone-marrow,  containing  numerous  red 
puscles  (from  i  1000 
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In  the  great  majority  of  cases,  each  red  corpuscle  is  invaded  by  a  single 
parasite,  but,  in  certain  instances,  two  or  more  merozoites  may  enter 
one  red  cell,  and  each  parasite  may  undergo  the  complete  process  of 
schizogony.  Again,  a  patient  may  be  bitten  by  infected  mosquitoes, 
on  successive  days,  and  thus  two  sets  of  parasites,  each  having  a  forty- 
eight  hours'  cycle,  may  be  introduced  into  his  blood.  In  such  a  case, 
merozoites  of  each  set  will  develop  on  alternate  days,  and  the  pyrexial 
attack  will,  in  consequence,  occur  daily. 

When  the  parasites  are  first  introduced  into  the  blood,  their  number 
is  comparatively  small,  and  they  therefore  produce  no  appreciable  effect 
on  the  host.  But  multiplication  by  schizogony  goes  on,  and  in  from 
six  to  twelve  days — the  so-called  incubation  period — the  parasites  are 
sufficiently  numerous  to  produce,  either  by  direct  action,  or  more  probably 
by  some  toxic  product,  the  febrile  and  other  symptoms. 

According  to  Schaudinn,  the  stimulus  produced  by  the  presence  of  the 
parasite  develops  in  the  host  a  certain  amount  of  resistance  against,  or  even 
the  power  of  destroying,  the  parasites  during  their  asexual  stage.  This  reaction 
determines  the  production  of  sexually  differentiated  individuals  or  sporonts. 
The  same  author  holds  that  a  merozoite  which  is  destined  to  develop  into  a 
sporont  does  not  shew  the  ring-like  form  in  the  young  trophozoite  stage,  but 
otherwise  cannot  be  differentiated  from  the  trophozoite  of  the  schizont. 

The  sporonts  are  of  two  kinds,  the  male  and  female  gametocytes. 
In  the  male,  the  nucleus  is  larger  than  in  the  female,  and  the  cytoplasm 
is  free  from  granules  of  reserve  material ;  whereas,  in  the  female,  it  is  full 
of  such  granules.  Sporonts  can  also  be  distinguished  from  schizont s 
by  certain  characteristics.  The  full-grown  schizont  is  about  10  ft  in 
diameter,  and  the  nucleus  is  placed  at  the  periphery  of  the  body.  The 
female  sporont  is  12  to  16  tu  in  diameter,  the  nucleus  is  at  the  periphery, 
the  cytoplasm  stains  very  deeply,  and  the  grains  of  melanin-pigment 
are  two  or  three  times  as  large  and  twice  as  numerous  as  those  in  the 
schizont.  In  the  male  sporont,  the  nucleus  is  large  and  is  placed  near 
the  centre  of  the  body,  the  cytoplasm  is  feebly  granular  and  stains  very 
faintly,  whilst  the  melanin-granules  are  as  well  developed  as  they  are  in 
the  female.  The  sporonts  are  found  in  the  peripheral  blood  in  the  later 
stages,  and  are  taken  up  from  it  by  the  mosquito.  The  ripe  gametocytes 
(sporonts)  are  able  to  resist  the  digestive  juices  of  the  mosquito,  and 
from  them,  when  taken  into  the  stomach  of  the  insect,  the  formation  of 
gametes  commences.  In  the  male  gametocyte,  the  nucleus  splits  up, 
giving  off  chromidia,  which  make  their  way  to  the  surface  of  the  body  of 
the  parasite.  With  great  rapidity,  motile  threads,  four  to  six  in  Dumb 
are  shot  out  from  the  protoplasm  and  appear  at  the  surface  of  the  body. 
These  are  the  microgametes,  and  they  contain  all  the  peripheral  chromulia. 
They  lash  about  actively,  and  eventually  become  free  from  the  micro- 
gametocyte.     They  are  slender,  flagella-like  bodies,  sometimes  with  a 
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thickened  extremity  or  with  multiple  thickenings  in  their  course,  and 
consist  largely  of  generative  chromatin.  In  the  maturation  of  the  female 
gametocyte,  some  nuclear  substance  is  eliminated  and  the  cell  becomes 
the  macrogamete.  Each  microgamete  seeks  out  and  penetrates  one  of  the 
macrogametes  and  fuses  with  its  nucleus,  and  the  two  elements,  by  their 
conjugation,  thus  form  the  zygote,  which  enlarges,  becomes  elongated  in 
form,  and  develops  into  a  motile  individual  termed  the  vermicule  01 
ookinete.  The  vermicule  pushes  its  way  through  the  epithelial  lining 
of  the  stomach  of  the  mosquito,  and  comes  to  rest  immediately  below 
its  epithelial  covering.  There  it  becomes  spherical,  and  grows,  coming 
eventually  to  bulge  towards  or  into  the  body-cavity  of  the  insect,  and 
Conning  an  encysted  body,  the  oocyst.  The  nucleus  (synkaryon)  multi- 
plies by  division,  and  the  protoplasm  collects  round  the  daughter-nuclei 
to  form  sporoblasts,  the  whole  body  being  now  termed  the  sporocyst. 
In  each  sporoblast,  the  nucleus  divides  into  a  number  of  smaller  nuclei, 
which  travel  to  the  surface  of  the  sporoblast  and  grow  out  each  into  a 
bud-like  or  dagger-like  projection  of  protoplasm  to  form  a  sporozoite. 
Thus  the  cyst  becomes  crowded  with  sporozoites,  varying  in  number 
from  hundreds  to  thousands.  The  ripe  sporocyst  now  ruptures,  the 
sporozoites  are  set  free  into  the  blood-fluid  of  the  mosquito  and  pass 
into  various  parts,  but  especially  into  the  salivary  gland,  in  which  they 
accumulate  in  enormous  numbers.  When  the  mosquito  again  bites  its 
vertebrate  host,  the  sporozoites  pass  down  in  the  salivary  secretion, 
which  is  injected,  through  the  proboscis,  into  the  blood  of  that  host, 
in  which,  after  certain  changes,  they  enter  the  red  cells  and  grow  to  form 
Bchizonts,  or  later,  sporonts.  The  entire  development  within  the  body 
of  the  mosquito  lasts  from  ten  to  twelve  days.  In  fig.  177  will  be 
found,  in  semi-diagrammatic  form,  a  schematic  representation  of  these 
two  cycles  of  schizogony  and  sporogony,  as  they  occur  in  man  and  the 
mosquito  respectively. 

PLASMODIUM  MALARI^E,  the  parasite  of  Quartan  Malaria  (Plate 
XIII.). — The  parasite  of  quartan  fever  is  less  actively  amoeboid  than  that 
ol  t  he  tertian  form  ;  the  vacuole  disappears  early ;  its  pigment  is  relatively 
well  marked  ;  the  pigment -granules  are  coarser,  appear  earlier,  and  tend  to 
lie  towards  the  periphery.  The  infected  blood-corpuscles  do  not  become 
enlarged,  but  remain  unaltered  or  may  even  become  smaller  than  normal, 
and  "  are  represented  by  a  rim  of  greenish  or  brassy-coloured  refractive 
protoplasm"  (Thayer),1  which  may  become  so  narrow  as  to  be  almost 
invisible  around  the  parasite.  Development  takes  place,  as  in  the 
tertian  parasite,  both  by  schizogony  and  by  sporogony.  In  the  asexual 
cycle,  the  merozoites  are  more  regular  in  distribution  than  in  the  tertian 
parasite,  six  to  nine,  or  even  twelve,  merozoites  being  formed  in  each 
schisont,  and  these  are  arranged  in  a  definite  rosette-,  daisy-,  or  wheel-like 

1  Thayer,  System  of  Medicine,  Allbutt  and  Rolleston,  1907,  vol.  ii.,  part  ii., 
pp.  24  tt  seq. 
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DIFFERENTIAL  CHARACTERS   OF  THE  HUMAN  MALARIAL  PARASITES 

(Fantham,  Stephens  and  Theobald  J) 


PharartPr                  Plasmodium  malaria 
Character.                              (Quartan). 

Plasmodium  rivax 
Benign  Tertian. 

Laverania  malarice  = 

Plasmodium  falciparum 

(Malignant  Tertian). 

Schizogony  .          .     Complete  in  72  hours. 

Complete  in  48  hours. 

Complete  in  48  hours 
or  less. 

Trophozoite 

Smaller        than      P. 

vivaz  ;    larger  than 

L.  malaria. 
Pseudopodia         not 

marked  or  long. 

Young      trophozoite, 
large. 

Long  pseudopodia. 

Young  trophozoite, 
small. 

Movements 

Rather   slow   in   im-    Active           amoeboid 
mature  forms.                 movements. 

Sometimes  actively 
motile. 

Pigment 

Coarse           granules, 
peripherally          ar- 
ranged ;  little  move- 
ment. 

Fine    granules,    with 
active  movement. 

Granules  fine,  and 
scanty ;  movement 
oscillatory. 

Schizont       .          .     Smaller  than  red  cor- 
puscle. 

Larger       than       red 
blood-corpuscle. 

Smaller  than  red 
corpuscle. 

Merozoites   .          .     6     to      12     forming 
rosette. 

15  to  20  regularly  ar- 
ranged. 

8  to  32  (according 
to  different  authors) 
arranged  irregularly 

Crescentic. 

Gametocytes 

Spherical. 

Spherical. 

Distribution         of 
parasites  in   ver- 
tebrate host 

About  equal  numbers 
in     peripheral    and 
visceral  blood. 

Larger    numbers     in 
visceral  blood. 

Scanty  in  peripheral 
blood  compared  with 
the  enormous  num- 
bers in  the  internal 
organs.      The  latter 
part    of    the    cycle 
(schizogony)      may 
occur    in     the    in- 
ternal organs  only. 

Corpuscle  may  be 
shrunken  and  dark, 
or  may  be  colour- 
less. Maurer's 
coarse  dots  some- 
times seen. 

Alterations           in 
erythrocytes 

Almost  normal. 

Pale  and  hypertroph- 

ied. 
Schuffner's  dots  seen 

in       deeply-stained 

specimens. 

form.     The  merozoite-formation  takes  place  every  seventy-two  hours, 
and  thus  the  pyrexial  attack  recurs  every  three  days. 

LAVERANIA  MALARICE  (Plasmodium  immaculatum  or  P.  falci- 
parum), the  parasite  of  Tropical  or  Pernicious  Malaria,  or  ^stivo- Autumnal 
Fever  (Plate  XIII.). — This  organism,  in  its  early  intracorpuscular  stage, 
is  also  ring-like,  but  is  smaller  in  size  than  the  parasite  of  the  tertian  or 
quartan  type.  Not  infrequently,  two  or  even  more  of  these  small  signet- 
ring  forms  may  be  found  in  one  red  corpuscle.  Fully-grown  forms,  which 
are  usually  scanty  or  absent  in  the  peripheral  blood,  attain  a  size  only 
of  half  or  two-thirds  the  diameter  of  the  erythrocytes,  which  tend  to 

1  From  Animal  Parasites  of  Man,  London,  1916,  p.  171. 
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Bhrink  and  have  i  ►lour,"  a  tonally  she*  itippling 

nvr's  dots).    The  most  chat  in  the  peripheral  Mood 

in  this  condition    at  all  events  iii i  the  " subtertian "  parasite1     are  the 

metocytes  or  crescents,  with  centrally-placed  pigment. 

Schizogony  takes  place  at  Irregular  intervals,  and  occurs  mainly  in 

the  Bpleen,  the  bone-marrow,  and  the  capillariefl  oi  the  brain.    Sporulal 

forms  are  very  rarely  found  in  the  peripheral  blood,  but  are  numerous 

in  blood  withdrawn  by  splenic  puncture  during  an  attack.    In  the  Bporul- 

ating  forms,  I  he  merozoil  ariously  stated  a1  ten  or  twelve  (Manson), 

eight  to  twenty-four,  on  an  average  twelve  to  sixteen  (Fantham,  Btephi 

and  Theobald),  or  thirty-two  (J.  (I.  and  D.  Thomson,  from  observations 

on  cultures  and  spleen-films).    Sporogony  takes  place  and  corresponds 

with  what  has  been  described  for  Plasmodia-  The  male  sporont 

crescent-shaped,  with  scattered  pigment-granules;    the 

female  is  also  crescent-shaped,  but  the  pigment -granules  tend  to  be  more 

ted  round  the  nucleus.     They  average  9  to  1-i  /a  in  length,  and 

2  to  'J  //  in  thickness.     When  taken  into  the  stomach  of  the  mosquito. 

the  crescents  become  first  oval  and  then  round,  and  correspond  with  the 

i  of  Plasmodium  vivax. 

e    authorities    recognise   only   one    variety    of    crescent-forming 

parasite  in  connection  with  malignant  infections ;  whilst  others,  including 

Manson.  accept   the  view  that  there  are  several — probably  three:    (1) 

rania  malaria  or  Plasmodium  falciparum,  the  sub-tertian  parasite  : 

/..  prcBCOZ,  the  pigmented  quotidian  parasite  :  and  (3)  L.  immaeulata, 

unpigmented  quotidian  parasite — which  may  occur  either  singly  or 

as  mixed  infections  in  individual  cases.     As  this  question  does  not  yet 

appear  to  be  definitely  settled,  we  shall  content  ourselves  with  describing 

these  under  one  heading,  whilst  those  interested  in  a  fuller  description 

Bhould  refer  to  Manson's  Manual  of  Tropical  I'  -  tses,  5th  ed.,  1914^ 

pp.  7 

THE  CULTIVATION  OF  MALARIAL  PARASITES.     The  Bchfoogony- 

cycle  of  development  has  now  been  Buccessfully  reproduced  artificially  in 

glucose  "i  dextrose  being  added  to  the  infected  blood,  which  is 

then  defibrinated,  the  clol    removed,  and  the  blood  bo  treated   bt 

then  incubated  at  :;;  to  11°  C.     J.  C  and  1).  Thomson,1  from  their 

inns    upon    such    "  cultui  the    numbers    of    men./. 

formed  under  such  conditions  as  : — 

P.  asionally  moi 

/'  eight. 

P.  falciparum  :  thirty-two  in  maximum  segmentation. 

MOSQUITOES   AND    MALARIA.     The   developmental   cycle   of  the 

■  .  under  Hanson*!  i  I  ion. 

■  >    m.  :,,-;...  and  Parasitology,  voh  \i.  p.  4m.  and  vol.  vii. 
pp.  163  and  61 
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parasites  in  the  mosquito  has  already  been  described,  and  it  may  be 
said  generally  that  this  host  is  necessary  to  preserve  the  life  of  the  species. 
It  is  true  that,  in  certain  cases,  after  long  intervals  and  without  re-infection, 
relapses  occur.  Schaudinn  explains  these  as  the  result  of  multiplication 
by  parthenogenesis.  The  female  sporonts,  he  says,  are  more  resistant 
than  the  males ;  and,  if  the  human  host  is  removed  beyond  the  possibility 
of  re-infection,  the  individuals  of  the  asexual  cycle  die  out,  as  also  do  the 
male  sporonts ;  but  the  female  sporonts,  on  account  of  their  abundance 
of  reserve  material,  may  live  for  a  considerable  time,  and  produce,  without 
fertilisation,  a  new  generation  of  parasites.  It  has  been  shewn  conclusively 
by  experiment  that  the  development  of  the  parasite  takes  place  in  the 
stomach-wall  of  certain  mosquitoes  belonging  to  the  Genus  Anopheles,1 
and  that  healthy  men  can  be  inoculated  by  these  infected  mosquitoes. 

PATHOLOGICAL  ANATOMY.— The  blood-changes  have  already  been 
partially  described  while  dealing  with  the  parasites  of  malaria.  The 
anaemia  may  be  of  all  degrees  up  to  the  most  profound.  It  is  characterised, 
not  only  by  the  destruction  of  the  erythrocytes  and  their  consequent 
reduction  in  numbers,  but  also  by  marked  haemoglobansemia  of  the 
surviving  erythrocytes.  Anisocytosis,  or  irregularity  in  the  size  of  the 
corpuscles,  is  practically  a  constant  phenomenon.  The  presence  of 
Schuffner's  and  Maurer's  dots  in  the  infected  corpuscles  has  already 
been  described,  and  a  varying  degree  of  punctate  basophilia  is  also  common 
in  a  number  of  the  other  corpuscles.  There  is  usually  a  leucopenia, 
with  a  relative  increase  of  the  large  mononuclears,  which  are  specially 
active  in  the  destruction  of  the  parasites.  In  a  fresh  wet  film  of  the 
blood  examined  on  the  warm  stage,  these  cells  may  be  seen  actively  en- 
globing  and  digesting  the  parasites,  whether  these  are  free  or  contained 
within  red  corpuscles.  Haemozoin-pigment  may  be  found  in  their  cyto- 
plasm, derived  both  from  the  parasites  so  ingested  and  from  the  residual 
pigment  freed  on  the  breaking-up  of  schizonts  into  their  component 
merozoites.  This  process  of  phagocytosis  of  parasites  and  pigment  is 
also  actively  carried  on  by  the  endothelial  cells  lining  capillaries  and 
other  channels  and  spaces,  especially  in  the  spleen-pulp,  bone-marrow, 
liver,  mesentery,  and  intestinal  mucosa,  another  important  site  of  this 
process  being  the  capillaries  of  the  brain,  especially  in  malignant  infections 
characterised  by  coma  and  other  cerebral  symptoms.  The  capillaries 
of  these  organs  and  tissues  may  also  shew  large  numbers  of  infected  red 
corpuscles  in  their  lumen — sometimes  so  numerous  and  closely  packed 
as  to  plug  and  obstruct  them.     The  pigmentation  of  various  organs  and 

1  The  following  list  of  Anopheline  Mosquitoes,  which  act  as  Malaria-Carriers, 
is  given  in  the  official  Memoranda  on  Medical  Diseases  in  the  Tropical  and  Sub- 
Tropical  War  Areas,  1919,  p.  158:  "  Anopheles  maculipennis,  palesHnensist*uperpictus, 
bifurcatus,    tnrkhudi,    stepkensi,  fimestus,    and    costalis   arc    well-known 

A.  pharoensis,  pulcherrimus  and  squamosus  are  effective,  but  probably  only  to  a 

small  extent."     (For  fuller  lists  and  geographical  distribution,  see  books  mentioned 
at  beginning  of  this  chapter.) 
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tissues,  bo  characteristic  of  malaria,  is  usually  best  seen  in  the  spleen, 
bone-i nanow  and  liver,  and  is  largely  derived  firoin  the  black  Haemozoin 
bo  taken  up;  but  yellow  or  yello wish-bro we  hemosiderin^  originating 
lruin  the  haemoglobin  of  destroyed  red  corpuscles,  is  also  stored  in  these 

ions,  as  in  other  serious  anaemias.  The  total  bulk  of  the  blood  is 
also  diminished,  a  point  of  importance  in  interpreting  the  blood-count. 
The  spleen  is  enlarged,  and,  in  acute  cases,  almost  diffluent.    With  repeated 

Us.  it  may  become  greatly  enlarged,  and  the  fibrous  trabecule,  vascular 

sheaths,  etc.,  may  shew  great  thickening;    whilst  the  phagocytic  and 

blood  -destructive  activity  of  the  pulp-cells,  which  often  attain  a  very 

and  may  contain  large  numbers  of  infected  or  damaged  red 

corpuscles,  is  very  marked.    The  bone-marrow  is  dark,  red,  and  con- 

1.  and  shews  erythroblastic  transformation,  as  well  as  the  pigment- 
ation already  described ;  and,  in  heavy  infections  and  old-standing  cases, 
degenerative  changes  usually  supervene.  Parasites  are  often  very 
numerous  in  the  spleen  and  bone-marrow,  even  when  only  in  small 
numbers  in,  or  absent  from,  the  peripheral  blood ;  and,  in  the  two  former 
situations,  various  phases  of  their  life-history  occur  which  are  seldom 
found  in  the  latter,  e.g.  the  fully-grown  trophozoites  and  schizonts  of 
Laverania  malaricB. 

The  liver  is  usually  enlarged.  Parasites  may  be  found  in  the  corpuscles 
contained   in  the  capillaries,  and  in  the  endothelial  cells  lining  these. 

d  necrosis  may  occur,  and,  in  long-standing  cases,  definite  cirrhosis 

been  found.  The  kidneys  do  not  usually  shew  any  special  changes, 
but  both  acute  and  chronic  nephritis  have  been  described  as  a  result  of 
malarial  infection.  The  other  organs,  apart  from  the  deposit  of  pigment, 
shew  no  specially  characteristic  pathological  changes. 

PROTOZOAL  BLOOD-PARASITES  OF  OTHER  VERTEBRATES.— Belong- 
ing to  the  hamiosporidia,  there  are  numerous  parasites  described  as  occurring 
in  tie-  red  blood-corpuscles  of  the  lower  animals,  e.g.  monkeys,  antelopes, 
bats  and  Bquirrels.  Some  of  these,  e.  g.  Proteosoma  and  Hcemoproteus  (Haiti  r- 
idium),  occurring  in  birds,  have  been  very  fully  investigated,  and  the  study 
of  them  has  thrown  much  light  on  the  problems  of  the  life-history  of  the  malaria 
parasites;  in  fart,  the  work  of  Ross  on  Proteosotnu  is  the  foundation  on  which 
the  most  valuable  contributions  to  malarial  parasitology  have  been  built. 

The  Piroplasmidae,  a  family  of  the  Hamosporidia,  are  minute  parasites, 
carried  by  tick-,  and  attacking  the  red  corpuscles  of  various  mammals.  Those 

belonging  to  the  genu  plasma)  have  1 n  extensively  studied. 

They  destroy  tin-  red  corpuscles  of  their  host,  and  the  freed  hamoglobin, 

reted  by  the  kidney,  produces  haemoglobinuria  or  "red-water,'*  e.g.  the 
I  I  caused  by  Babesia  I  a  (PiropUuma  bio* 

which  occurs  m  North  and  South  America,  South  Africa  and  Australia,  and 
a  Bimilar  disease  produced  by  Babesia  bovi*  in  Europe  and  North  America. 
Analogous  diseases  are  also  found  in  sheep  {H.  Otftf),  dogs  (B.  canis),  equines 
(B.  calaUi),  monkeys  (li.  pithed),  and  mice  (B.  muris).  These  various  forms 
of  Babesiasis  (Piroplasmiasis)  are  of  economic  importance,  and  are  chara 
ised  by  high  fever,  luunioglobinuria,  anaemia,  jaundice,  paralysis,  etc.  In 
acute  cases,  death  may  supervene  in  about  a  week.     Less  severe  cases  which 
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do  not  succumb  to  the  disease  act  as  carriers  or  reservoirs  of  the  infection, 
which  may  be  carried  from  them  to  fresh  animals  by  ticks.  For  further 
information  about  these  parasites  we  must  refer  our  Teaders  to  the  article 
on  "  Protozoa  "  by  Professor  Minchin  in  A  System  of  Medicine,  Allbutt  and 
Rolleston,  1907  vol.  ii.,  part  ii.,  and  to  the  books  referred  to  at  the  beginning 
of  this  chapter. 

THE  NEOSPORIDIA. — In  this  group  are  included,  among  others,  the 
human  parasites,  Sarcocystis  (Rainey's  and  Miescher's  Tubes)  belonging  to 
the  order  Sarcosporidia  :  and,  perhaps  also,  a  parasite  of  the  nasal  mucous 
membrane,  and  external  auditory  meatus,  Rhinosporidium  seeberi  (Syn.  R. 
kinealyi),  which  has  been  described  as  belonging  to  the  order  Haplosporidia, 
but  the  accurate  classification  of  which  is  still  doubtful.  This  parasite, 
which  lies  usually  between  the  connective-tissue  cells,  is  recorded  as  occurring 
in  the  nose,  naso-pharynx,  uvula,  conjunctiva,  lacrimal  sac,  ear  and  p€ 
of  man.  It  occurs  in  India,  Ceylon,  Argentina,  and  Tenessee  (U.S.A.). 
Ashworth,  to  whose  recent  papers  (Transactions  of  the  Royal  Society  of 
Edinburgh,  Vol.  53,  Part  II.  (No.  16),  1923,  pp.  301-342)  readers  are  referred 
for  a  detailed  description,  places  it  among  the  lower  fungi  (Phycomycetes), 
and  not  with  the  Sporozoa.  We  also  refer  our  readers  to  the  following 
papers:  Beattie,  Journal  of  Pathology  and  Bacteriology,  xi.  1906,  pp.  270- 
275,  and  British  Med.  Jour.,  1907  (vol.  ii.),  p.  1402.  Minchin  and  Fantham, 
Quarterly  Jour,  of  Micros.  Science,  xliv.  1905,  p.  521.  Seeber,  G.  R.,  Tesis, 
Univ.  Nac.  de  Buenos  Aires,  1900.  A  full  list  of  other  references  is  given  in 
Professor  Ashworth's  paper.  See  also  "  A  Case  of  Rhinosporidiosis,"  by 
J.  H.  Ashworth  and  A.  Logan  Turner,  Edin.  Med.  Journ.,  New  Series,  vol. 
xxx.,  No.  8,  Aug.  1923,  p.  337. 
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BECTION    11 

METAZOA.    INVERTEBRATA 

VERMES,    HELMINTHES    OR    WORMS1 

PHYLUM    I.     PLATYHELMINTHES    OR    FLAT-WORMS 

The  Platyhelminthes  are  flattened,  bilaterally  symmetrica]  won 
leaf-like  [e.g.  the  Trematoda)  or  tape-shaped  (e.g.  the  Cestoda)  in  outline. 
The  integument  consists  of  a  cuticle  with  glandular  cells,  beneath  which 
ihe  subcuticular,  cellular,  or  "parenchymatous"  layer,  in  which 
arc  embedded  the  nervous  system  and  the  commencement  of  the  excretory 
apparatus  (formerly  called  the  water-vascular  system).  Under  these 
lies  the  musculo-dermal  layer,  whilst  between  this  and  the  alimentary 
canal  is  the  cellular  "  mesenchymatous  "  tissue,  containing  the  sexual 
glands  and  other  organs  if  present.  The  Cestodes  or  tapeworms  do  not 
possess  any  alimentary  canal;  whilst,  in  the  Trematodes  or  Flukes,  this 
i-  represented  by  the  mouth,  the  muscular  pharynx,  and  the  mid-gut, 
which  is  usually  forked.     There  is  no  hind-gut  or  anus. 

All  the  Cestodes  and  the  great  majority  of  the  Trematodes  are 
hermaphrodite,  the  most  important  exception  in  the  latter  group  being 
the  dioecious  Schistosomum  haematobium  and  its  relative,  S.  mansoni. 

CLASS    I.-TURBELLARIA    OR    EDDY    WORMS 

These  flat-worms  are  mostly  non-parasitic,  and  need  not,  therefore,  be 
described  here. 

CLASS    II.— TREMATODA    OR    FLUKES 
These,  sometimes  known  as  Sucking  Worms,  are  usually  ilat t ■ 
leaf-shaped,  unsegmented  worms,  the  adults  being  parasitic  in  v< 

brates,  and  the  intermediate  larval  forms  being  found  in  some  sp< 
of  mollusc.  The  adults  are  mostly  hermaphrodite  (except  Schisloswnum 
haematobium  and  a  few  others),  the  male  and  the  female  organs  opening 
near  one  another  on  t  he  vent  ral  surface  in  the  middle  line,  usually  towards 
the  anterior  end,  either  in  front  of.  or  behind,  tin  ventral  sucker — the 
position  oi  fche  genital  pore  varying,  however,  in  differenl  Bpecii 

LIFE-CYCLE  OF  THE  TREMATODES.  This  has  been  most  fully 
worked  out    in  the  case  of  the  Common   Liver-link-'     /     idoUi  hepatica) 

of  the  Bheep,  which  may  be  taken  as  the  type.    From  the  ova  when 
mature,  if  they  are  deposited  in  water,  the  embryo  hatches  out  and 

1  Tlic  systematic  notes  on  classification  in  this  section  are  taken  Largefy  from 
'   Mnn,  by  Fantham,  Stephens  and  Theobald,  London',   1916. 
This   valuable   work   should    be  consulted    by   those  desirous  of  obtaining  fuller 
descriptions  of  these  paraaH 
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gives  rise  to  a  free-swimming,  somewhat  elongated,  ciliated  "  embryo," 
or  perhaps  more  correctly  larva — the  miracidium.  This  enters  its  special 
intermediate  host,  a  small  water-snail,  usually  Limnceus  truncolylus, 
which  is  very  common  in  ponds  and  ditches.     In  the  body  of  this  mollusc 
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Fio.  178. — Ova  of  some  of  the  commoner  parasitic  worms  (each  division  on  scale 
corresponds  to  0*1  mm.  =  lOO^u).     X  250.     For  descriptions  see  text. 

a.  Fasciola  hepatica,  the  common  liver-fluke  (p.  388). 

b.  Schistosomum  haematobium  from  urine  (p.  391). 

c.  Schistosomum  mansoni  from  faeces  (p.  395). 

d.  Taenia  saginata  or  beef -tapeworm  (Onchosphere  from  foeces)  ^p.  403). 

e.  Taenia  solium  or  pork-tapeworm  (Onchosphere  from  faeces)  (p.  401). 
/.  Ascaris  lumbricoides,  the  common  round- worm  (p.  415). 

g.   Trichuris  trichiura  (Trichocephalus  trichiuris  or  T.  dispar)  or  whip-worm  (p.  423). 
h.  Oxyuris  vermicularis  or  thread-worm  (p.  410). 
i.   Ankylostoma  duodenale  or  hook-worm  (p.  418). 


it  enlarges,  and  becomes  a  hollow,  gutless,  elongated  sac  or  germinal 
tube,  the  sporocyst,  within  which  are  developed  either  other  sporocysts, 
or  what  are  known  as  rediae — minute,  somewhat  elongated,  cylindrical 
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larval  organisms,  tc-like  alimentary  canal,,  and  a  somewhat 

anteriorly  placed  "  birth-pore."     Tin-  Bporocyst    then  ruptures,  and  the 
contained  Bporocysts,  or  redi,  >1  her  parts  of  the  snail.     The 

formation  of  sporocysts  and  redisemay  be  repeated,  but,  eventually,  the 
rediffi   proceed   to  develop  within  themselves   certain   actively  motile, 

round  bodies —  cercarise  which  possess  a  forked  gut,  two  suck.,' 
rudder-like  tail,  and  also  a  Special  boring  Spine  situated  in  the  oral  sucker. 
Tie--.'  cercariflB,  which  are  the  characteristic  larval  stage,  make  their 
way  out  of  the  body  of  the  snail  into  water,  attach  themselves  to  ■_ 
or  some  aquatic  plant,  cast  off  their  motile  tails  and  boring  apparatus, 
and  become  encysted,  waiting  there  until  they  are  taken  into  the  body 
of  their  definitive  host,  probably  by  the  ingestion  by  the  latter  of  the 
contaminated  vegetable  matter  or  drinking  water  containing  these 
encysted  forms.  They  then  develop  into  the  adult  fluke,  finding  their 
way  from  the  intestine  into  the  bile-ducts  and  liver,  and  occasionally 
into  the  portal  vein  and  elsewhere.  The  life-history  of  the  other  fluke- 
worms  is  probably  very  similar,  but,  in  many  cases,  has  not  yet  been 
fully  worked  out.  In  some  forms,  the  cercarise  may  penetrate  into  the 
body  of  a  second  intermediate  molluscan  host  and  become  encysted, 
until,  together  with  their  host,  they  are  ingested  by  a  suitable  definitive 
or  terminal  host. 

Of  the  numerous  families  into  which  the  flukes  are  divided,  three 
only  (Fasciolidce,  Schistoso?nidce,  and  the  less  important  Paramphistom- 
idce)  contain  members  which  are  parasitic  in  man. 

FAMILY   1.— PARAMPHISTOMIDtf: 

'-  organisms  have  a  slender,  tapering,  anterior  extremity,  and  a  thick- 
ened, disc-like,  posterior  part,  the  ventral  surface  of  which  is  concave  and 
possesses  a  minute  sucker  at  its  posterior  margin.  The  only  example  of  any 
importance  belonging  to  this  family  is  Gasirodiscus  x  hominis,  which  is,  however, 

extremely  ran-. 

FAMILY   2.— FASCIOLID/E 

The  members  of  this  family  possess  an  oral  and  a  ventral  sucker 
(tie*  origin  of  the  misnomer  "  Distoma  "),  and  a  median  ventral  genital 
pore,  opening,  in  Fasciola  hepatica,  between  the  two  suckers.  They  are 
hermaphrodite,  and  the  forked  intestinal  canal  generally  does  not  possess 

ndary  diverticula.    Their  development  has  already  been  outlined. 

FASCIOLA  HEPATICA—  (Syn.  Distoma  or  Distomum  hepatic-urn; 
F.  lulu, ,i,,<t,  etc.). — The  liver-fluke  is  a  common  endo-parasite  of  sheep, 
deer,  cattle,  and  other  herbivorous  animals,  and  is  found  only  rarely  in 
man.      It  inhabits  the   bile-ducts,  and,  in  the  human  subject,  it   may 

-ionally  find  its  way  into  the  portal  vein  and  elsewhere,  and  has 
been  described  as  causing  abscess-like  subcutaneous  BwelfingB.     In  b! 

1  This  genus,  and  the  allied  genua  HomalogtMter,  have  recently  been  grouped 
together  as  a  Beparate  family,  the  <;<i<lru<li$ciid(jc. 
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it  is  the  cause  of  liver-rot,  a  very  fatal  disease — characterised  by  fever, 
emaciation,  anaemia,  ascites,  and  oedema — which  may  occur  in  epidemics 
in  infected  districts  at  certain  seasons,  especially  towards  the  end  of 
summer.  The  liver  first  becomes  enlarged,  and,  later,  undergoes  con- 
secutive atrophy,  the  bile-ducts  becoming  enormously  dilated  into 
irregular  sacs  containing  the  flukes.  In  man,  if  only  a  few  parasites  are 
present,  the  results  may  be  trifling;  but  serious  abdominal  symptoms, 
such  as  gastro -intestinal  disturbance  accompanied  by  jaundice,  and 
perhaps  ascites,  may  occur.  A  fatal  issue  is  rare.  The  condition  may 
be  diagnosed  by  finding  the  ova  on  microscopical  examination  of  the 
faeces,  or,  less  commonly,  by  the  passage  of 
the  adult  per  anum.  In  North  Lebanon, 
a  peculiar  affection,  due  to  the  eating  of 
raw  infected  liver  and  known  as  Halzoun,  is 
described,  in  which  the  adult  fluke  becomes 
attached  to  the  pharynx  or  neighbouring 
parts,  giving  rise  to  inflammation  and  swell- 
ing, with  resulting  symptoms,  and  even 
death.  Vomiting  may  occur  and  result  in 
the  dislodgment  and  expulsion  of  the  worm, 
with  recovery. 

Morphology. — The  adult  fluke  is  leaf-  or 
lancet-shaped,  with  a  somewhat  conical 
anterior  extremity,  at  which  is  placed  the 
oral  sucker.  The  genital  orifice  is  situated 
between  the  two  suckers,  immediately  in 
front  of  the  ventral  non-perf orate  sucker. 
The  length  varies  from  20-30  mm.,  and  the 
breadth  from  8-13  mm., the  worm  being  often 
somewhat  curled  with  the  concavity  ventrally. 
The  parasite  is  pale  yellowish  or  slightly 
brownish- white  in  colour,  with  occasionally 
a  delicate  pale  blue  or  rose-pink  tint. 

The  ova  (see  fig.  178,  p.  387)  are  brown  or  brownish-yellow  in  colour, 
and  are  oval  in  shape,  with  a  terminal  operculum.  They  measure 
about  130  by  70  //  in  diameter,  and  may  shew  segmentation.  The 
later  development  of  these  has  been  described  on  pp.  386-8. 

A  narrower  and  more  elongated  variety  of  liver-fluke,  F.  hepatica, 
var.  angusta,  has  been  described  as  occurring  in  Senegal;  and  another 
somewhat  similar  variety,  F.  hepatica,  var.  cegyptiaca,  is  reported  as 
occurring  in  Egypt.  F.  gigantica  is  a  closely-allied  species  found  in  Africa, 
and  has  been  described  in  man. 

FASCIOLOPSIS  BUSKI  (Syn.  Distomum  buski ;  IX  eras  sum). —This  is 
the  largest  fluke-worm  found  parasitic  in  man.  It  inhabits  the  human 
intestine,  the  stools  being  blood-stained,  and  the  case  shewing  high  fever 


Fig.  179. — Fasciola  hepatica  or 
Liver-Flu ke.     x  21 
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and  a  condition  of  apathy.     It  has  been  found  in  Eastern  and   Southern 
Asia,  where  it  is  a  common  parasite  of  the  pig. 

DICROCCELlUM  LANCEATUM  (Syn.  Fasctola  lanceolata;  Distomum 
lanceolaium  ;  Dicrocailium  lanceolatum  ;  D.  dendriticutn). — This  is  one  of  the 
smaller  fluke-worms.  Tt  occurs  in  the  bile-ducts  of  sheep,  cattle,  horses,  and 
other  animals,  but  is  rare  in  man.  It  has  been  found  in  association  with 
F.  hepatica. 

OPISTHORCIS  NOVERCA  (Syn.  Amphimerw  noverca;  Distoma  con- 
junctum)  and  the  nearly  related  0.  SINENSIS  (Syn.  Clonorehis  sinensis  ;  D  - 
stoma  rint  nse)  are  found  in  China  and  Japan,  India  and  elsewhere,  their  habitat 

being  the  bile-ducts  of  the  dog  and  cat,  as 
well  as  of  man.  0.  FELINEUS.  the  cat-fluke, 
the  intermediate  hosts  of  which  are  fish,  may 
be  found  in  man,  and  has  a  wide  geographical 
distribution  in  Europe  and  Asia,  especially 
Russia 

PARAGONIMUS  RINGERI  (Syn.  Distoma 
ringeri ;  D.  pulmonale;  D.  pulmonis);  P. 
WESTERMANI  (Syn.  D.  westermani ;  Meso- 
gonimus  westermani)  and  P.  KELLICOTTI, 
are  very  closely  allied  lung-flukes,  and  are 
regarded  as  identical  by  some  writers. 
P.  ringeri  has  been  found  in  the  human  sub- 
ject in  China,  Japan,  Korea,  and  neighbouring 
countries,  especially  in  mountainous  districts, 
where  it  is  the  cause  of  parasitic  or  endemic 
haemoptysis.  The  body  of  the  parasite  is 
somewhat  more  rounded  and  less  flattened 
than  the  majority  of  fluke- worms.  It  is  pale 
reddish-brown  in  colour,  and  measures  8  to  10 
mm.  in  length  and  4  to  6  mm.  in  breadth  and 
thickness.  The  genital  orifice  is  situated 
near  the  posterior  margin  of  the  ventral 
sucker.  The  eggs  are  oval,  brownish-yellow, 
somewhat  thin-shelled  and  operculated,  and 
their  average  longitudinal  and  tranai 
M./ni(,uth^urioundod  by  omi  diameters  are  80  and  50  /x  respectively.  In 
sucker;  C,  rirrhua  recess;  the  human  subject,  these  parasites  are  found 
\  .8.,  ventral  sucker;  T.T.,  singly,  or,  more  usuallv.  in  pairs,  within  cyst- 
,-J:::^;:  ,|  like  cayitiea  about   the   u.   of   hazel-nu* 

gland;  Y.(M.  yolk-gland;  With  thick  connective-tissue  walls,  associated 
.  uterine  tubes.  >  1".  with  the  bronchi.  The  flukes  may  burrow 
in  the  lung-substance,  especially  near  the 
surface  under  the  pleura,  and  may,  by  penetrating  the  walls  of  the 
give  rise  to  haemoptysis.  This  parasite  may  also  occur  in  the  brain  (probably 
by  embolic  spread  from  the  primary  lung-lesion — producing  convulsions, 
paralysis,  cerebral  softening,  etc.),  eyelids  and  orbit,  pleura,  liver,  intestinal 
wall,  peritoneum,  cervical  glands,  scrotum,  and  other  sites.  The  lung- 
condition  may  be  diagnosed  by  finding  the  characteristic  ova  on  microscop- 
ical examination  of  the  muco-puruleiit .  rustv  or  blood-stained  sputum. 
When  passed,  the  yolk  usually  does  not  shew  segmentation;  but,  if  incubate  1 
in  water,  a  ciliated  miracidiuni  may  be  hatched  after  an  interval  of  a  couple  of 
weeks  or  more.  The  method  of  infection  of  the  lungs  has  not  yet  been 
fully  worked  out.  P.  westermani  has  been  found  in  the  Bengal  tiger  (captive 
Bpecimens  which  died  in  Amsterdam  and  Hamburg  zoological  gardens),  and 


Fig.  180. — -Dicroccdium  lanceatum. 
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P.  kellicolti  in  the  pig,  dog  and  cat  in  North  America.  These  lung-flukes  are 
covered  with  small  movable  spines,  the  grouping  and  shape  of  these,  it  is 
said,  constituting  characters  by  which  the  three  species  may  be  differentiated. 
HETEROPHYES  HETEROPHYES  (Syn.  Cotylogonimus ,  Distomum,  Meso- 
gonimus  or  Ccenogonimus  heterophyes) . — This  is  the  smallest  fluke- worm  yet 
known,  measuring  about  2  mm.  in  length  by  1  mm.  or  less  in  breadth.  It  is 
rare,  and  has  been  found  in  the  human  subject  in  Egypt,  Japan,  and  elsewhere. 

FAMILY   3.— SCHISTOSOMID^E 

These  resemble  the  Fasciolidae  in  general  structure,  but  are  bisexual, 
not  hermaphrodite.  The  males  are  usually  broader  and  shorter  than 
the  females,  and  possess  thin  lateral  edges,  which  curl  ventrally  to  form  the 
so-called  gynaecophoric  canal  which  encloses  the  female  (see  figs.  185,  186). 
The  latter  is  slender  and  thread-like,  and  is  considerably  longer  and  usually 
somewhat  darker  in  colour  than  the  male.  It  has  now  been  definitely 
proved  that  S.  hcematobium  and  S.  mansoni  are  distinct  species,  wThilst 
S.  japonicum  constitutes  a  third  important  pathogenetic  member  of  this 
family  of  Blood-Flukes. 

SCHISTOSOMUM  (or  SCHISTOSOMA)  HAEMATOBIUM  (Syn.  Di- 
stoma  or  Distomum  hcematobium;  Bilharzia  hcematobia). — This  parasite 
is  the  cause  of  one  form  of  Schistosomiasis  or  Bilharziasis— endemic 
haematuria,  sometimes  known  as  Egyptian  haematuria  from  the  frequency 
of  its  occurrence  in  Egypt,  although  it  is  also  common  in  Abyssinia,  the 
Soudan,  South  Africa,  and  elsewhere  in  the  African  Continent.  In 
Egypt,  the  incidence  of  the  disease  varies  in  different  districts.  It  is 
most  intense  in  the  neighbourhood  of  the  Nile  and  in  irrigated  areas; 
and,  in  certain  districts,  as  many  as  90  per  cent,  of  the  native  population 
are  infected.  Cases  have  also  been  reported  in  India  and  other  parts  of 
Asia,  and  its  sporadic  occurrence  has  been  described  in  many  other 
localities. 

Morphology. — The  male  usually  measures  12  to  14  mm.  in  length 
and,  when  the  lateral  edges  are  in-rolled,  0*4  to  0*5  mm.  in  diameter, 
though,  when  flattened  out,  it  is  about  1  mm.  broad  at  its  widest  point, 
just  behind  the  ventral  sucker.  It  is  white  in  colour.  The  oral  and  ventral 
suckers  are  placed  close  together  at  the  anterior  end,  the  genital  aperture 
being  situated  in  the  middle  line,  immediately  behind  the  ventral  sucker 
and  at  the  beginning  of  the  gynaecophoric  canal.  On  account  of  the 
curling  of  the  lateral  edges  of  the  body,  the  worm  has  a  cylindrical  shape, 
instead  of  the  leaf -like  appearance  characteristic  of  the  trematodes.  The 
outer  or  dorsal  aspect  of  the  body  is  covered  with  innumerable  minute 
spine-like  papillae,  which  aid  in  the  locomotion  of  the  parasite  within 
the  veins.  There  are  also  delicate  spines  on  the  suckers,  and  others 
of  larger  size  throughout  the  internal  surface  of  the  gynaecophoric  canal. 
The  bifurcation  of  the  intestine  occurs  immediately  in  front  of  the  ventral 
sucker,  but  usually  reunion  into  a  single  median  trunk  takes  place  more 
posteriorly,  forming  a  single,  short  gut-stem.     There  are  four  (or  five)  large 
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Bomewhat  angular  b  rhe  female  is  about  twice  the  length  of  the 

male  (/.  e.  about  20  mm.),  and  is  more  filiform,  with  tapering  extiemil 

verage  diameter  1 » *  -  i  1 1  i_r  about  0*25  mm.    The  anterioi  extremity, 
with  its  two  Buckeis,  is  white  in  colour;    whilst  the  |  i   part  is 

ish,  and  contains  the  reunited  into  hich  nine  in  a  zigzag  mat 

to  the  posterior  extiemity,  and.  if  filled  with  ingested  blood,  shew 
a  dark  reddish  or  brownish  line.    The  outer  surface  of  the  female  worm 

[fl  For  the  most  pan  smooth,  unlike  thai:  of  the  male,  upon  which  it  largely 
depends   for  migration.     There  are  delicate  spines  on  the  suckers,   and 

er  spines  at  the  posterior  extremity.    The  ovary  occupies  the  posterior 

half  of  the  body,  and  the  uterus  is  very  long  and  voluminous,  and  i 
tains  numerous  terminally  spined  ova.     The  ova  (see  figs.  178  and  181) 
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Fio.  181. — Ova  of  8chisto8omutn  hcBttuUdbium  and 

red  Mood-corpuscles  in  urine.         60. 


FlG.  182. — Ciliated,  tiee- 
Bwimming  Miraeidium  of 
Scftt*tosomui/i  ha  muto- 

biuni  hatched  from  ovum 
in  water  on  warm 
MO. 


are  of  a  very  characteristic  elliptical  or  lemon  shape.  They  are  non- 
operculated,  pale  yellowish  in  colour,  and  possess  a  thin  transparent 
shell,  with  a  minute  sharp,  thorn-like  spine  at  the  posterior  extremity — 
in  contradistinction  to  its  position  in  the  ova  of  S.  mansohi,  w] 
instead  of  being  terminal,  this  spine  is  placed  slightly  towards  the  Lab 
aspect  of  the  extremity  of  the  ovum  [seebdow,  p.  .*>'.'7).  They  vary  con- 
siderably in  size— 120  to  150  p  in  length  by  l'»  to  60  //  in  breadth. 

re  these  worms   reach  maturity,  they  live  apart  in  the   veins  of 

the  live!-,  hut .  as  they  become  more  mature,  they  are  found  in  pairs  in  the 

d  vein,  from  which  they  migrate-    the  male  carrying  the  female  in 

the   gynaecophoric  canal    to  the   pelvic   veins,  especially  the   vesical. 

in  which   position   maturity    is  attained.      The  OVB   are  deposited   chiefly 

in  the  small  veins  of  the  submucous  tissue  of  the  Madder,  and,  owing 
t<>    the    alternate    contraction    and    relaxation    of    its    walls,    they 
gradually  moved   through   the   tissues   until   they    reach    the    interior 
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of  the  organ,  along  with  the  contents  of  which  they  are  expelled 
from  the  body  of  their  host.  At  this  stage,  the  ova  may  shew  advanced 
segmentation,  or,  more  usually,  they  contain  the  fully-formed  ciliated 
miracidium;  and,  if  placed  in  water  on  a  microscopical  slide  and 
kept  suitably  warmed,  the  shell  may  be  seen  to  split  longitudinally, 
liberating  the  actively  motile,  free-swimming  miracidium.  The  inter- 
mediate host  has  now  been  identified  by  Leiper  *  as  the  small,  whelk- 
like wTater-snail,  Bullinus,  especially  B.  conlorlus,  and  also  the  very 
similar  B.  dybowski  and  B.  innesi,  in  which  the  miracidium  becomes  a 


*  * 


Fig.  183. — Bullinus  contort  us, 
the  whelk-like  water-snail 
which  acts  as  the  intermed- 
iate host  of  Schistosomum 
haematobium.  (Natural size.) 


Fig.  184.— Bifid-tailed 
cercaria  of  Schisto- 
somum haematobium 
from  liver  of  Bullinus 
contort  us.      X  200. 

sporocyst,  which  gives  rise  to  numerous  daughter-sporocysts,  which,  in 
turn,  produce  enormous  numbers  of  bifid -tailed  cercarise  (see  fig.  184), 
wThich  then  escape  into  the  surrounding  water,  and  constitute  the  agent  by 
which  man  is  infected.  In  a  test-tube  of  infected  water,  they  are  just 
visible  to  the  naked  eye  as  a  swarming  mass  of  very  minute,  white,  hair-like 
bodies.  These  cercarise  consist  of  a  body  possessing  an  anterior  and  a 
ventral  sucker  (corresponding  to  those  of  the  adult  worm),  and  a  number 
of  secretory  "  poison-cells,"  and  a  tail  with  a  terminal  bifurcation.  They 
do  not  possess  eye-spots  or  a  muscular  pharynx.     The  Infected  snail 

1  Report   of  the   Bilharzia   Mission  in  Egypt,  1915,  Journal  of  the  Royal  Ann;/ 
Medical  Corps,  London,  vol.  xxx.,  l.»18. 
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continues  fco  discharge  large  numbers  of  the-,  iae  for  several  weeks. 

They  can  penetrate  the  unbroken  human  skin  (not  infrequently  giving 

to  considerable,  and  Bometimes  intense,  irritation),  or  buccal 

J  mucous  membrane,  make  their  way  into  t  he  blood-i  dally 

the  small  veins,  and  probably  also  into  lymphatics,  and  are  then  carried 

by  t  he  blood-si  ream  to  the  liver,  where  they  develop  into  the  adult  worms 
the  whole  process  taking  about  a  couple  of  months.    If  the  cercarin 
fail  to  obtain  access  to  their  human  host,  they  perish  in  from  thirtv-six 
to  forty-eight  hours.     .Man  may  therefore  become  infected  by  bath 

wading,    and    washing    in,    or    drinking,    such    contaminated     wa1 
unless    they    are    thoroughly    filtered,    boiled,    treated    with    suitable 
chemicals,  or  (if  free  from  infected  snails)  stored  for  forty-eight  hours  or 
Longer. 

Incidence. — In  Egypt,  the  disease  specially  attacks  males  who  work 
on  the  flooded  land.  Females  are  apparently  much  less  exposed  to  the 
infection,  but  the  disease  is  found  in  the  case  of  female,  as  well  as  of  male, 
children  who  play  in  infected  water,  and  in  adult  peasant  women  who  work 
in  the  fields  under  the  same  conditions  as  the  males.  In  South  Africa, 
it  is  much  commoner  in  boys  than  in  girls,  perhaps  because  the  former 
contract  the  disease  while  bathing  in  contaminated  water.  The  periodic 
occurrence  of  the  disease  in  Lower  Egypt  shews  a  distinct  relationship 
to  the  annual  flooding  of  the  Nile.  The  climate  must  be  sufficiently 
warm  to  allow  of  the  survival  and  hatching  out  of  the  miracidium, 
which  is  easily  killed  by  exposure  to  cold. 

The  course  of  the  disease  may  be  divided  into  two  stages  :  (1)  the 
toxaemic  stage,  supervening  in  from  four  to  ten  weeks  after  infection, 
and  characterised  by  fever,  abdominal  pain,  enlargement  and  tenderness 
of  the  fiver  and  spleen,  emaciation,  urticaria,  eosinophilia  (usually 
strongly  marked,  but  occasionally  slight,  or  even  absent),  etc.,  and 
the  presence  in  the  serum  of  a  positive  complement-fixation  reaction 
with  an  antigen  prepared  from  the  livers  of  infected  snails;1  followed, 
after  a  latent  period  of  anything  between  six  weeks  to  two  and  a  half 
3,  by  (2)  the  localised  lesions  of  Vesical  Schistosomiasis  or  Bilharziasis, 
characterised,  in  addition  to  the  clinical  symptoms  of  urethral,  penile. 
or  perineal  pain,  urgency  and  frequency  of  micturition,  etc..  by 
hematuria,  which  may  be  either  more  or  less  constant,  intermittent. 
or  very  irregular.  Lipuria,  or  fat  in  the  urine  up  to  as  much  as  2  per 
cent,  may  sometimes  occur.2  The  mucous  membrane  shews  congestion, 
swelling,  and  catarrh,  often  with  the  presence  of  white  submucous  nodules, 
and   later,   perhaps,  septic   cystitis   with   the    subsequent    production    of 

"  sandy  patches/1  the  mucosa  lookh  t  it  were  impregnated  with  a 

fine,  brownish  or  yellowish  powder  (myriads  of  ova).    This  is  accompanied 
i  gradual  hypertrophy  and  new  formation  of  connective  tic 

1  N.  Hamilton  Fairley,  "  Bilharziac  rune  14,  1919,  p.  1016. 

-  st,»rk,  Lancet,  September  29,  1!>06. 
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that  dry,  hard  or  plate-like  patches  with  this  sandy  appearance  arise; 
the  thickening  eventually  affects  all  the  coats  of  the  bladder."  *  The 
bladder- wall  may  become  much  thickened  and  infiltrated  by  fibrous  tissue, 
suggesting,  in  some  cases,  the  fibrosis  of  slowly  developing  malignant 
disease,  and  there  may  also  be  present  peculiar  wart-like  excrescences, 
or  papilloma-like  outgrowths.  In  these,  and  in  the  thickened  tissues, 
numerous  ova  are  usually  found;  and,  by  the  presence  of  the  ova  in 
the  urine,  diagnosis  can  be  made  with  certainty.  The  ureters,  pelvis  of 
the  kidney,  and  the  kidney  itself  may  be  involved,  as  may  also  the 
prostate,  vesiculae  seminales,  and  urethra.  Urethral  and  perineal  fistulae 
are  common,  and,  in  some  cases,  malignant  disease  may  supervene  as  a 
not  infrequent  sequel. 

The  liver  usually  shews  a  marked  proliferation  of  the  fibrous  tissue 
of  the  portal  tracts,  and  much  of  the  liver-substance  may  be  replaced  by 
dense  nodules  of  fibrous  tissue.  In  the  female,  the  vagina,  and  also  the 
vulva  and  cervix  uteri,  in  addition  to  the  bladder,  are  liable  to  be  the 
seat  of  inflammation,  and,  later,  of  condyloma-like  over-growths. 

In  the  later  stages,  the  blood-picture  differs  from  that  found  earlier 
in  the  disease.  There  is  usually  a  moderate  leucocytosis,  averaging 
about  10,000  per  c.mm.,  though  a  considerably  higher  count  may  be 
found,  especially  where  there  is  superadded  sepsis.  The  eosinophilia, 
which,  in  the  earlier  toxic  stage,  may  be  50  per  cent.,  gradually 
decreases,  the  average  case  shewing  perhaps  some  13  or  14  per  cent., 
and  dropping  during  the  two  subsequent  years  t<3  an  average  of  11  per 
cent.,  with  a  corresponding  relative  and  absolute  increase  of  the 
ordinary  neutrophil  polymorphs.  A  moderate  degree  of  secondary 
anaemia  also  usually  supervenes,  becoming  more  and  more  severe  as  the 
case  advances.  Among  infected  native  Egyptians,  according  to  Fairley, 
the  high  case  mortality  of  about  10  per  cent,  is  contributed  to  especially 
by  three  factors  :  "  mechanical  obstruction  by  bilharzial  granulation 
tissue,  secondary  septic  infection,  and  malignant  supervention."  2 

SCHISTOSOMUM  (or  SCHISTOSOMA)  MANSONI  (Syn.  Bilharzia 
mansoni). — This  Blood-Fluke,  the  cause  of  Intestinal  Schistosomiasis  or 
Bilharziasis,  was  by  many  regarded,  mainly  owing  to  the  writings  of 
Looss,  as  merely  a  variant  of  S.  haematobium.  It  has  now,  however, 
been  proved  by  Manson,  Sambon,  and  by  Lei  per,  to  constitute  a  distinct 
species.  It  resembles  S.  haematobium  so  closely,  that  reference  need 
be  made  here  only  to  certain  points  in  which  it  differs  from  the  latter. 
The  male  possesses  eight  (seven  to  nine,  according  to  Leiper)  small 
spherical  testes;  the  divisions  of  the  gut  unite  well  forward,  with  the 
production  of  a  very  long  gut -stem;  and  the  anterior  edges  of  the  lateral 
walls  of  the  gynaccophoric  canal  arise  more  suddenly — almost  at  right 
angles — from  the  anterior  portion  of  the  worm,  instead  of  the  gradual 

1  Fantham,  Stephens  and  Theobald,  Animal  Parasites  of  Man,  p.  275. 

2  Fairley,  loc.  cit.,  p.  1018. 


Flo.  185. — SchistoSLtnum  munsoni.  A  pair  of  the  worms— -the  narrower  filiform  female 
lying  in  the  synacophoric  canal  of  the  male,  the  two  suckers  at  the  anterior  end 
of  which  are  shewn.      X  20. 


Fig,  1s«). — Transverse  section  of  the  paired  worms  lying  in  a  portal  vein  in  the  liver  of 
an  experimentally  inoculated  monkey,  shewing  the  female  partially  enveloped  in 
the  gynaecophorio  canal  of  the  male,"  the  latter  being  crescentic  in  section  in  this 
region.      Xl40. 
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transition  seen  in  S.  hcematobium.  In  the  female,  the  ovary  lies  in  the 
anterior  half  of  the  body,  which  tapers  gradually,  instead  of  ending 
abruptly  as  in  S.  hcematobium,  and  the  uterus  is  very  short.  The  lateral 
situation  of  the  spines  of  the  ova  (see  fig.  178,  p.  387)  constitutes  the 
most  important  distinction  in  the  diagnosis  of  this  type  of  schistosomiasis. 
Only  one  such  mature  lateral-spined  ovum  at  a  time  is  usually  found  in 
utero  in  the  female.  Clinically,  these  ova  are  found — often,  however, 
with  considerable  difficulty — in  the  faeces  of  infected  patients.  They  may 
sometimes  be  demonstrated  in  scrapings  from  the  bases  of  the  intestinal 


* 


Fig.  187. — Planorbis  boissyi, 
the  ammonite-like  carrier 
of  Schistodomum  mansoni. 
(Natural  size.) 


Fia.  188. — Bifid  cercariae  of  Schisiosomum  man- 
soni from  liver  of  Planorbis  boissyi.     X200. 


ulcers  in  cases  where  examination  of  the  faeces  alone  has  failed  to  reveal 
their  presence.  The  habitat  of  the  paired  worms  (e.  g.  in  experimentally 
infected  monkeys)  are  the  inferior  and  superior  mesenteric  veins  and 
the  portal  veins  of  the  liver.  The  liver  is  enlarged  and  congested.  The 
sub-peritoneal  coat  of  the  colon  may  be  studded  with  minute  nodules, 
and  the  mucous  membrane  may  shew  varying  grades  of  inflammation — 
from  congestion  and  catarrh,  minute  ulcers,  and  scattered  bilharzial 
nodules  up  to  extensive  sloughing  and  ulceration,  massive  pedunculated 
submucous  growths  of  highly  vascular  granulation-tissue,  and  extensive 
infiltration  of  the  subserous  and  peritoneal  coats.  These  layers,  especially 
the  submucous  coat,  in  which  ova  are  generally  most  numerous,  usually 
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shew  endophlebitis;  whilst  the  muscular  coats  are  usually  comparatively 
little  affected. 

The  molluscan  carrier  of  S.  mm  the  small,  ammonite-like  water- 

snail,  Plunorbis  boissyi,  from  which  the  cercarise  are  discharged,  the 
method  of  infection  of  both  snail  and  man  being  similar  to  the  process 
already  described  for  S.  hcematobium. 

Double  infections  with  both  S.  hcematobium  and  S.  mansoni  are 
not  at  all  uncommon;  and  it  should  also  be  noted  that,  in  single 
infections  with  one  of  these  alone,  although  S.  hcematobium  causes  mainly 
a  urinary  infection,  its  terminally -spined  ova  may  sometimes  be  found 
on  thorough  search  of  the  faeces ;  and,  similarly,  the  laterally -spined  ova 
of  S.  mansoni,  though  the  infection  is  usually  preponderatingly  intestinal, 
are  occasionally  also  found  in  the  urine. 

SCHISTOSOMUM  (or  SCHISTOSOMA)  JAPONICUM  (Syn.  S.  cattoi ; 
Bilharzia  japonica). — This  worm,  as  a  parasite  in  man,  was  discovered 
in  1904  by  Katsurada,  and,  later  in  the  same  year,  was  described  by 
Catto,  who  found  it  in  a  Chinaman.  It  was  found  by  the  former  observer 
also  in  dogs,  cats,  and  cattle,  in  those  districts  of  Japan  where  an  endemic 
form  of  human  schistosomiasis — katayama  disease — characterised  by 
enlargement  of  the  liver  and  spleen,  cachexia,  ascites,  and  diarrhoea, 
existed.  This  worm  closely  resembles  S.  hcematobium,  but  is  somewhat 
smaller  in  size ;  the  body  of  the  male  is  smooth,  not  tuberculated,  and 
contains  six  to  eight  irregularly  elliptical  testes  in  the  anterior  part  of  the 
hind-body.  In  the  female,  the  uterus  occupies  almost  half  the  hind- 
body,  shewing  a  narrow  lumen  which  may  contain  from  50  to  300  soft 
immature  ova.  When  mature,  the  latter  are  oval  or  rounded-oval  in 
shape,  of  a  faint  yellow  tint,  with  a  double  contour.  They  may  possess 
a  small  lateral  spine  or  minute  rounded  knob-like  projection,  analogous 
to  the  spine  in  S.  mansoni.  When  this  is  small  or  absent,  these  eggs 
very  much  resemble  those  of  Ankylostoma  duodenale,  for  which  they 
may  be  mistaken.  The  habitat  of  the  adult  worm  appears  to  be  the 
smaller  mesenteric  veins  and  portal  vein ;  and  the  resulting  lesions  are 
chiefly  intestinal,  and  are  analogous  to  those  produced  by  S.  mansoni  in 
Egypt,  the  bladder  usually  remaining  free  of  infection.  The  ovum  gives 
rise  to  a  ciliated  miracidium,  which  infects  the  intermediate  molluscan 
host,  Katayama  nosophora,  in  which  the  development  through  various 
stages  to  cercarise  occurs. 


CLASS    III.— CESTODA    OR    TAPEWORMS 

These  are  endoparasitic,  flattened,  tape-  or  ribbon-like  worms  which  do 
not  possess  an  alimentary  canal.  The  mature  stage  of  the  worm  is  passed 
in  the  gastro-intestinal  tract — usually  of  vertebrates — the  small  intestine 
being  its  most  frequent  habitat.  Except  in  the  Cestoidea  monozoa  or  Cestoid- 
aria,  which  give  rise  to  only  a  single  proglottis,  the  adult  tapeworm  consists 
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of  a  scolex  or  head,1  and  a  varying  number  of  semi-independent  segments  or 
proglottides,  attached  to  one  another  and  forming  the  tape-  or  chain- like  body 
or  strobila  (see  fig.  201). 

The  scolex  or  "  nurse,"  which  produces  the  chain  of  proglottides  by  a 
process  of  asexual  budding,  is  very  small  in  size,  being  usually  just  visible 
to  the  naked  eye.  It  is  equipped  with  four  disc-  or  cup-like,  or  in  some  cases 
either  two  or  four  groove-like,  suckers,  or  (and)  with  clinging  and  boring  organs 
composed  of  hooklets,  which  vary -considerably  in  number  and  in  arrangement 
in  the  different  genera.  These  hooklets  are  arranged  either  in  a  single  or 
in  a  double  circle  around  the  protractile  rostellum  or  beak-like  anterior  * 
extremity  of  the  scolex,  in  the  manner  of  a  rosette  or  crown.  In  a  few  cases, 
this  rostellum  is  rudimentary  or  absent,  its  place  being  taken  by  a  terminal 
sucker. 

The  posterior  narrow  part  of  the  scolex,  where  it  becomes  continuous 
with  the  strobila,  is  usually  termed  the  neck  of  the  worm.  As  the  strobila 
is  formed  by  a  process  of  serial  budding  from  the  scolex,  'the  most  distant 
proglottides  are  the  largest  and  most  mature,  whilst  those  nearest  the  scolex 
are  small,  and  form  a  slender  chain  of  immature  segments.  The  proglottides 
vary  in  different  species  from  a  few  in  number  up  to  several  thousands.  In 
practically  all  the  Cestodes,  the  mature  segments  are  hermaphrodite,  each 
possessing  a  complete  set  of  male  and  female  generative  organs.  The  form 
of  the  uterus  is  of  importance  for  purposes  of  diagnosis,  and  will  be  referred 
to  while  dealing  with  the  individual  worms. 

Tapeworms  of  different  species  vary  enormously  in  length,  e.  g.  from  half 
a  millimetre  up  to  as  much  as  nine  or  ten  metres  or  more. 

The  surface  is  covered  by  a  cuticle,  lying  upon  the  parenchymatous  basal 
membrane,  beneath  which  is  the  dermo-muscular  tube.  The  interior  of 
each  segment  is  occupied  by  parenchyma,  in  which  are  embedded  the  sexual 
organs,  muscular  and  nerve-bundles,  etc.,  together  with  certain  concentrically 
laminated  calcareous  bodies.  The  excretory  organs  resemble  those  of  the 
Trematodes. 

DEVELOPMENT  OF  CESTODES.— Fertilisation  may  be  (1)  an  auto- 
fecundation  of  a  single  mature  segment  without — or  (2)  with — copulation 
(immissio  cirri) :  (3)  cross-copulation  between  different  proglottides  of  the 
same  strobila  or  of  different  chains  of  the  same  species  :  or  (4)  cross-copulation 
in  the  same  proglottis  in  certain  species  with  two  genital  openings.  As  the 
proglottides  become  gravid  and  the  uterus  within  each  becomes  distended 
with  ova,  they  break  off  from  the  strobila — singly  or  in  small  groups — and 
are  passed  along  with  the  fseces,  or,  in  some  cases,  they  may  actively  make 
their  way  out  of  the  intestinal  canal. 

The  ova  are  rounded  or  oval  in  shape,  usually  brownish  or  yellowish  in 
colour,  and  possess  a  thin,  delicate  shell,  which,  except  in  the  case  of  Dibothrio- 
cephalus,  is  non-operculated  in  the  more  important  varieties. 

EMBRYONAL  DEVELOPMENT.— This  usually  occurs  while  the  ovum 
is  still  within  the  uterus,  but  it  may  take  place  immediately  after  its  discharge. 
Segmentation  occurs,  and  two  envelopes  are  formed  around  the  embryo. 
The  outer  of  these,  the  investing  envelope  or  integument,  usually  remains 
attached  to  the  interior  of  the  delicate  shell,  and  is  left  behind  on  hatching. 
The  inner  envelope  or  embryonal  shell  (embryophore)  is  sometimes,  as  in 
the  case  of  the  free-swimming  embryo  of  Dibothriocephalus,  covered  with 
cilia,  but  is  more  commonly  composed  of  radially  arranged,  calcified,  rod-like 
bodies,  which  produce  its  characteristic  striate  appearance.     In  the  interior 

1  There  are  zoological  arguments  for  regarding  the  scolex  as  the  posterior 
terminal  segment  of  the  worm,  but  it  is  convenient,  for  descriptive  purposes,  to 
assume  that  it  is  anterior. 
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of  this  lies  the  embryo,  which  baa  now  developed  into  a  rounded,  or  perhaps 
slightly  elongated,  body,  armed  with  three  pairs  of  booklets.  This  oncho- 
sphere,  or  hexacanth,  as  the  Bix-hookletted  embryo  is  now  called,  on  leaving 
tlif  intestine  oi  the  definitive  host,  may  be  discharged  through  the  M  birth-p 

or  uterine  aperture,  or  may  be  freed  by  the  ultimate  rupture  or  disintegration 
of  the  distended  proglottis  in  which  it  is  contained. 

CYSTICERCUS     or        BLADDER-WORM  '     LARVAL     STAGE.     After 

stion   by  a  suit. 'hie  intermediate  host.' the  embryonal  shell  or  envelope 

ssolved  off,  and  the  active,  six-hooklet ted  embryo  proceeds  to  boi 

way  through  the  intestinal  wall.      By  way  of  the  lymphatics,  or  more  probably 

by  the  mesenteric  veins,  it  reaches  the  liver,  which,  in  the  case  of  T.  eckifUh 

inns  the  special  habitat  of  the  bladder-worm  stage.  In  other  instai 
the  embryos  travel  from  the  liver — probably  by  way  of  the  blood-stream — 
to  the  muscles  or  other  tissues  of  the  host's  body.  In  whatever  situation 
it  is  finally  lodged,  the  embryo  settles  down  and  becomes  passive,  lose 
booklets,  and  undergoes  distension  with  fluid  in  the  case  of  the  tape-worms 
classified  as  C>/xtici  (e.  g.  Taenia  solium,  T.  saginata,  and  others),  thus  forming 
a  cyst  and  entering  upon  the  larval  bladder-worm  or  cysticercus  stage  of  its 
development.  In  certain  tapeworms— the  Cystoidei — this  cystic  formation 
i-  very  Blight  and  rudimentary.  In  others — the  Echiuococci — the  onchosphere 
becomes  enormously  distended,  and,  by  proliferation  of  its  cellular  internal 
germinal  layer  or  endocyst,  other  endogenous  secondary  or  daughter-cysts  may 
be  formed,  in  the  interior  of  which  are  budded  off  the  "  brood-capsules, " 
or,  in  some  cases,  a  third  generation  of  cysts — "  granddaughter-cysts  " — may 

ede  the  formation  of  these.  In  yet  a  fourth  set — the  Plerocerci  the 
embryo  or  onchosphere  develops  into  a  solid  larval  form,  elongated,  tape-like 
or  oval,  with  the  head  invaginated,  and  this  larval  form,  termed  a  M  plero- 
cercoid,"'  appears  to  become  directly  transformed,  without  cyst-formation 
and  metamorphosis,  into  the  scolex  of  the  adult  worm;  and  a  certain  degree 
of  budding  of  proglottides  may  even  occur  while  the  parasite  is  still  within 
the  tissues  of  the  intermediate  host—  sexual  maturity,  however,  not  being 
reached  without  the  usual  transference  to  the  intestine  of  the  final  host.  This 
form  of  development  occurs  in  the  Dibothriocephalidce,  in  which  the  worm 
may  attain  a  length  of  30  mm.  in  the  intermediate  host  before  such  transference 
occm 

Except  in  the  Plerocerci,  in  which  the  scolex  is,  as  has  just  been  stated, 
formed  directly  from  the  body  of  the  onchosphere  without  cyst-formation, 
proliferation  of  the  ceils  of  the  cyst-wall  occurs  at  the  pole  opposite  to  that 
at  which  the  six  discarded  booklets  were  situated.  The  proliferated  cells 
form  a  hollow  bud,  usually  single,  but  sometimes,  as  in  the  case  of  Coenurus, 
multiple,  each  bud  forming  a  scolex.  This  bud  projects  into  the  cavity  of 
the  cyst,  and,  in  its  interior,  are  developed  the  suckers,  hocklets,  rostellum, 
i  other  equipment  of  the  adult  scolex. 

DEVELOPMENT  OF  THE  LARVAL  SCOLEX  INTO  THE  ADULT  WORM. 
No  further  development  of  the  larval  cysticercus  now  occurs  until  the  tissues 
of  the  intermediate  host,  in  which  it  lies,  are  eaten  by  the  final  host,  in  w 
tinal  canal  all  the  parts  of  the  cysticercus  except  the  scolex  are  digi 
off,  the  scolex  becoming  evaginated  or  turned  inside  out  like  the  finger  of  a 
glove,  the  suckers  being  therefore  now  situated  externally  as  in  the  adult 
worm.      By  means  of  its  suckers  and  booklets,  if  both  of  these  varieti' 

D  are  present,  it  attaches  itself  to  the  intestinal  wall  of  it-  bost,  usually 
in  the  region  of  the  duodenum  or  upper  part  of  the  jejunum:    and  it  then 
sedfl  to  produce  the  series  of  proglottides  which,  together  with  the  scolex, 
form  the  adult  tapeworm. 

Although  there  are  great   numbers  of  tapeworms  which  are  parasitic  in 
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the  lower  animals,  some  of  which  may  occasionally  attack  the  human  subject, 
only  four  are  of  special  importance  as  parasites  in  man,  three  of  these  passing 
their  adult  stage,  and  the  fourth — Tcenia  echinococcus— its  immature  stage, 
in  man.  The  three  adult  forms  are  Tcenia  solium,  Tcenia  saginata,  and 
Dibothrioce/phalus  latus. 

FAMILY  1.—  TTENIID^E 

(Suckers  unarmed.  Rostellum  with  or  without  hooklets.  Uterus  with 
median  longitudinal  stem  and  lateral  branches.  Female  genitalia  at  the 
posterior  end  of  the  proglottis.  Genital  pore  irregularly  alternating.  Testes 
numerous  in  front  of  female  genitalia.  Ovary  with  two  lobes  or  wings.  Vitel- 
larium  (shell-gland)  behind  the  ovary.     Embryophore  radially  striated.1) 

T^NIA  SOLIUM,  the  Armed  or  Pork-Tapeworm.— The  average 
length  of  this  worm  is  about  two  to  three  and  a  half  metres,  though  it 
may  occasionally  be  as  much  as  double  these  dimensions.  The  scolex, 
which  somewhat  resembles  the  head  of  a  small  pin  in  shape,  is  generally 


(a) 


•t^> 

Fig.  189.— Scolex  of  T. 
solium,  shewing  hook- 
lets  and  suckers.     X  24. 


Fig.  190. — Mature  Proglottis  of  T.  solium, 
shewing  uterus,  and  lateral  genital  orifice 
(a).      x4. 


rather  less  than  one  millimetre  in  diameter,  and  possesses  a  retractile 
terminal  rostellum,  a  double  crown  of  hooklets — alternately  larger  and 
smaller  in  size,  and  usually  just  under  thirty  in  number — and  four  disc- 
like suckers.  The  neck  is  somewhat  filiform.  The  strobila  usually 
consists  of  800  or  900  proglottides,  which  gradually  increase  in  size  as  they 
recede  from  the  head.  When  mature,  they  are  oblong,  the  longitudinal 
diameter  being  considerably  greater  than  the  transverse  (averaging 
about  10  x  5  mm.,  or  rather  more).  The  uterus  is  composed  of  a  median 
longitudinal  trunk,  with  about  seven  to  ten  transversely  placed  lateral 

1  Animal  Parasites  of  Man,  p.  309. 
26 
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offshoots,  possessing  somewhat   numerous  diverticula.    The 

genital  orifices  are  marginal,  usually  Blightly  behind  the  centre  of  each 

tent,   and    alternate    with    comparative    regularity    in    suecc- 


191. —  <  Dchospherea  ot  T.  solium,  Bhewing  radially  striated  embryonal  envelope 

or  embryophore,  and  globular,  six-hookletted  embryo  or  onchosphere.     x300. 


m 


l'ii..  1(jl'.— Cystioeioua  ceUulosa  or  bladder-worm  stage  of  T.  solium,  shewing 
development  of  ■oolei  equipped  with  booklets  and  four  suekers. 

segments.     The  ova  are  thin-shelled,  and  the  onchospheres  (see  iiLr>.  176 
and   191)   are  surrounded   by  a  thick,  symmetrically  rounded,  brownish 

or  biownish-yellow.  radially  striated  embryonal  envelope  (embryophore), 
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measuring  about  30  to  36  jn  in  diameter,  the  globular  six-hookletted 
onchosphere  in  its  interior  being  about  20  tu  in  diameter.  The  segments, 
which  are  less  actively  motile  than  those  of  T.  saginala,  tend  to  be 
voided  in  short  chains  from  the  intestine.  In  its  mature  stage, 
T.  solium  is  found  only  in  man ;  the  immature,  larval,  or  cysticercus 
stage — the  so-called  cysticercus  cellulosae — occurring  especially  in  the 
intramuscular  connective  tissue  of  the  pig,  and,  less  commonly,  in 
other  mammals.  It  may  also  occur  in  man,  not  only  in  muscle,  but  in 
the  skin  and  subcutaneous  tissue,  where  the  cysticerci  may  be  present 
in  large  numbers,  and  in  various  organs,  especially  the  eye  and  the  brain. 
In  the  latter  organ,  the  cysts  may  attain  a  considerable  size,  and 
may  develop  numerous  diverticula,  for  which  reason  they  have  been 
termed  the  Cysticercus  "  racemosus"  "  botryoides"  or  "  multilocularis ." 
In  the  eye,  cysticerci  have  been  known  to  persist  for  as  long  as  twenty 
years.  In  the  pig,  the  condition  is  known  as  "  measly  pork,"  the  cysticerci 
forming  little,  elliptical,  bladder-like  vesicles,  which  can  easily  be  seen 
with  the  naked  eye,  their  average  length  being  about  8  or  10  mm.  Such 
infections  may  originate  either  from  the  patient  himself,  if  harbouring 
the  adult  worm,  or  may  be  a  fresh  infection  from  without. 

Tcenia  solium  is  very  common  in  certain  parts  of  Germany,  France, 
Italy,  and  Britain,  but  is  naturally  rare 
in  Eastern  countries  where  pork  is  not 
eaten. 

TiENIA  SAGINATA— (Syn.  T.  medio- 
canellata,  T.  inermis) — the  unarmed  or 
beef-tapeworm  —  is  usually  somewhat 
longer  than  the  pork-tapeworm,  its  average 
length  being  from  four  to  eight  or  ten 
metres.  As  a  rule,  only  one  parasite  is 
found,  whilst  in  the  case  of  T.  solium 
several  adult  wTorms  may  be  present  at 
one  time  in  the  intestine  of  the  same 
patient — man  being  the  specific  final  host 
of  both  varieties. 

The  scolex  is  somewhat  cubical  in 
shape,  measuring  1*5  to  2  mm.  in  diameter. 
It  possesses  four  cup-like  suckers,  but  no 
rostellum  or  hooklets.  The  proglottides 
usually  number  over  a  thousand,  gradually 
increasing  in  size  on  passing  backwards, 
and,  as  they  mature,  coming  to  measure 
16-20  mm.  in  length  by  4-7  mm.  in 
breadth.  The  genital  pore  is  marginal,  opening  slightly  behind  the 
centre  of  each  segment,  and  alternating  irregularly.  The  centrally 
placed  uterine  trunk  gives  off  from  20  to  35  transverse  lateral  branches, 


Fig.  193. — Scolex  of  T.  saghuitu, 
shewing  suckers  and  absence  of 
hooklets.      X  20. 
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which  in  turn   may  shew  a  few  secondary  subdivisions.     The  segments 
are    more   muscular  and    motile   than   those   of    T.  solium.     They   may 

e  the  inti  •  gly  01  in  short  chains.    The  ova  are  rounded 

thin-shelled,    and    contain    an    onchosphere    with    a    radially 
embryonal  investment  closely  resembling  that  of  T .  solium  I  for 

the  fact  that  it  is  usually  somewhat   oval   (30  or  40  by  20  or  30  it  in 


L94. — Immature  Proglottides  of  T,  aaginaia*     Dt.,  uterus;  T.,  testes;  Ov.,  ovaries; 
f.  Gd.,  yolk-eland ;   Sh.  <  d.,  shell-gland;   <•.  J'.,  genital  pore;    V.  I1  ifercns, 

immediately  Beneath  which  Lies  the  oviduct;    Ex.  I  .,  excretory  or  \vater-va.-cular 
canal.    Transyerse  canals  joining  the  lateral  longitudinal  canals  at  posterior  part 

of  each  segment.     Xote  alternation  of  genital  pores  in  successive  segment-. 


diameter),  whereas  the  onchosphere  of  the  pork-tapeworm  is  more  nearly 
spherical  in  outline  (see  figs.  178  and  19G,  and  compare  with  fig.  191). 

The  larval  bladder-worm  stage — cysticercus  bovis— is  passed  in  the 
ox.  the  little  elliptical  cysts  measuring  from  7*5  to  9  mm.  in  length  by 
oo  mm.  in  breadth.  The  cysticerci  are  usually  not  numerous,  ami  are 
found  especially  in  certain  of  the  muscles  of  mastication.  They  very 
rarely  infest  man. 

The  adult  worm  occurs  especially  in  Eastern  Europe,  and  in  Asia, 
Africa,  and  some  parts  of  South  America.  It  is  extremely  common 
in    Abyssinia   and   in   certain   districts   of   India.     The   worm   is   usually 
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Fig.  195. — Mature  Proglottis  of  T.  saginata,  shewing  uterus.     x6. 


Fig.  190. — Onchospheres  of  T.  saginata.     x300. 
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attached  high  up  in  the  small  intestine,  burying  its  head  among  the  villi. 
It  can  be  detached  only  with  difficulty  ;  and.  because  of  this,  and  on  account 
of  its  greater  muscularity  and  more  active  movements,  it  gives  rise  to 
greater  irritation  than  does  T.  solium.  The  segments  migrate  out  through 
the  anus  independently  of  defecation,  as  well  as  being  passed  during  the 
act. 

T/ENIA  ECHINOCOCCUS  (Syn.  T.  nana;  Echinococcus  granulosus; 
Echinococdfer  echinococcus). — This  parasite  is  one  of  great  importance, 
the  presence  of  its  immature  stage  in  man  constituting  the  serious  disease 
known  as  Hydatids. 

The  adult  is  a  small  tapeworm,  varying  from  25  to  5  or  6  mm.  in 


Fig.  107. — T.  echinococcus 
(adult).  Xl5.  (After 
Leuckazt.) 


Fig.  198.— rT.  echinococcus,  shewing 
scolex  and  three  segments — the 
last  one  mature.      X  12. 


length.  It  inhabits  the  intestine  of  the  domestic  dog,  in  winch  it  is 
extremely  common,  and  often  present  in  large  numbers.  It  is  also  found 
in  the  fox,  wolf,  and  jackal,  but  has  never  been  found  in  man.  The 
scolex,  which  is  like  a  miniature  of  that  of  T.  solium  in  appearand 
usually  about  a  third  of  a  millimetre  in  breadth,  and  is  armed  with  four 
suckers  and  numerous  booklets,  usually  thirty  or  forty  in  number, 
arranged  in  a  double  circle  around  the  rostellum,  those  of  the  inner  circle 
being  the  larger  and  measuring  40  to  45  /i  in  length,  whilst  those  of  the 
outer  row  are  usually  between  30  and  40  ix  in  length.  The  whole  worm 
lets  of  the  scolex  and  three,  or  occasionally  only  two,  segments,  the 
last  of  which  alone  is  mature,  and  may  exceed  the  rest  of  the  worm  in 
size.  The  uterus  consists  of  a  central  trunk  with  lateral  protuberances; 
and   the  genital  aperture  is  lateral,  and  situated  slightly  behind  the 
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middle  of  the  segment.  The  ovum  is  thin-shelled,  the  enclosed  embryonal 
envelope  being  also  somewhat  thin,  rounded,  and  radially  striated.  It 
measures  30  to  36  ju  in  diameter.  The  onchospheres  are  discharged  in, 
or  from,  the  terminal  segment,  and  may  be  ingested  by  man  in  con- 
taminated drinking  water,  in  dust,  or  by  using  imperfectly  cleaned  dishes 
from  which  dogs  have  been  allowed  to  feed.  Infection  may  also  occur 
from  the  kissing  or  caressing  of  pet  dogs.  The  embryonal  envelope  is 
dissolved  of?  in  the  alimentary  canal,  and  the  liberated  onchosphere  or 
six-hooked  embryo  then  makes  its  way  to  the  tissues — most  commonly 
the  liver,  peritoneum,  lungs,  or  pleura — in  which  it  settles  down  and 
passes  its  cystic  stage.  It  may  also,  however,  be  found  in  the  spleen, 
heart  and  pericardium,  brain,  spinal  cord,  kidneys,  muscles,  subcutaneous 
tissue,  the  eye,  or  elsewhere.  In  some  of  these  positions,  especially  in 
the  peritoneum,  the  bladder-like  cysts  may  form  large  masses ;  and,  in 
whatever  position  they  are  found,  they  usually  give  rise  to  very  serious 
results.  This  cysticercus -stage  may  be  found,  not  only  in  man,  but  in 
oxen,  sheep,  and  pigs.  The  main  outer-  or  mother-cyst,  may,  in  man, 
attain  the  size  of  a  child's  head ;  but,  in  cattle,  it  does  not  usually  exceed 
that  of  an  orange. 

Structure  and  Development  of  the  Hydatid-Cyst. — These  have  already 
been  outlined  on  p.  400,  but  a  somewhat  more  detailed  account  of  them  is 
needful.     The  following  structures  may  be  distinguished  : — 

i.  An  outer  covering  of  fibrous  tissue,  derived  from  the  proliferation 
of  the  connective  tissue  of  the  organ  or  other  structure  in  which  the 
parasite  is  growing.  In  some  situations  this  "  capsule  "  may  be  slight, 
or  even  absent. 

ii.  The  ectocyst — the  true  cyst-wall  or  hydatid-membrane — is  com- 
posed of  a  stratified  elastic  cuticle,  which,  in  turn,  encloses  within  it  the 
more  delicate  endocyst  or  germinal  layer.  The  ectocyst  is  opaque,  whitish 
in  colour,  somewhat  opalescent,  and  bears  some  resemblance  to  boiled 
white-of-egg  in  appearance.  It  may  be  stripped  off  in  delicate  layers,  the 
laminae  tending  to  curl  inwards.  Microscopically,  it  shews  fine  concentric 
lamination,  each  lamina  exhibiting  a  delicate  cross  striation.  Chemically, 
the  material  of  which  it  is  composed  resembles  chitin  in  composition. 

iii.  Endocyst. — This  consists  of  a  cellular  germinal  layer,  which  may.  in 
turn,  be  differentiated  into  an  outer  layer  of  smaller  cells,  and  an  inner 
layer  of  larger,  somewhat  hexagonal  cells.  Muscular  fibres  and  calcareous 
bodies  are  also  described  as  occurring  in  the  endocyst.  From  the  endocyst 
are  developed  bud-like  projections  or  brood-capsules,  each  about  the  size 
of  a  pin's  head,  which  become  hollow,  and  within  each  of  which  a  varying 
number  of  scolices  develops.  Several  "  generations "  of  endogenous 
cysts  may  be  formed  from  the  germinal  layer,  the  "  mother-cyst  "  coming 
to  contain  several  "  daughter-cysts,"  in  the  interior  of  which  there  may 
develop  "  granddaughter-"  and  even  a  further,  generation  of  cysts,  before 
the  development  of  the  brood-capsules  in  their  interior.    These  endo- 
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genous  cysts  and  the  brood-capsuJes  are  filled  with,  and  float  in,  a  clear, 

limpid,  watery  fluid  of  low  specific  gravity — usually  10  c  a  little 

more.    This    hydatid-fluid    contains    almost    no    albuminous    material 

(unless  inflammation  has  occurred).  About  half  the  total  amount  of 
solid  constituents  consists  of  sodium  chloride;  whilst  traces  of  other 
salts,  as  well  as  of  dextrose,  cholesterol,  leucine,  tyrosine,  succinic  acid, 
and  some  toxic  substance  of  the  nature  of  a  leucomaine  are  also  found. 
The  fluid  possesses  certain  immunological  properties  of  importance  in 
the  serum-diagnosis  of  the  condition.  If  mixed  with  the  serum  of  an 
infected  patient,  it  gives  a  precipitin-reaction  (see  p.  473),  which,  however, 
is  not  absolutely  specific,  as  it  may  also  be  given  with  some  normal  sera. 
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Fig.  199. — Ruptured  brood -capsules  of  T.  echinococcvs  with  numerous  scolices,  which 
are  mostly  still  inverted  or  invaginated.  Two  scolices  at  (a)  have  become  everted 
or  e  vagina  ted.     X  GO. 

A  more  reliable  test  is  its  use  as  the  antigen  in  a  complement-deviation 
reaction  (see  p.  469).  When  mixed  with  the  patient's  inactivated  serum, 
it  will  deviate  or  adsorb  fresh  guinea-pig's  complement,  and  so  prevent 
haemolysis  of  the  sensitised  red  corpuscles  used  as  the  indicator  (see 
pp.  471-2).  With  regard  to  the  occurrence  of  Eosinophilia,  Fantham. 
Stephens  and  Theobald1  state  that,  in  hydatid  disease,  "it  is  slight 
according  to  the  investigations  of  Bindi  and  Santucci,  and  is,  according 
to  Welsh  and  Baring,  no  certain  sign  of  echinococcus ;  it  is  independent 
of  the  age,  sex  and  temperature  of  the  patient,  but  upon  rupture  of  the 
cyst,  eosinophilia  invariably  sets  in."  The  brood-capsules  possess  a 
structure  Bomewhat  similar  to  that  of  the  parent-cyst,  but  with  the  Layers 
reversed,  i.e.  a  thin  cuticular  layer  internally,  and  a  cellular  layer  on 
their  outer  surface.  Authorities  differ  as  to  the  exact  method  of  scolex- 
formation,  some  regarding  them  as  endogenous  buds,  whilst  other-  are 
of  opinion  that  they  are  formed  as  an  externally  situated  club-shaped 
process,  perforated  Longitudinally  by  a  canal-like  continuation  of  the 
interior  cavity  of  the  brood-capsule.  At  the  distal  end  of  this  protrusion, 
the  suckers  and  booklets  characteristic  of  the  adult  scolex  are  developed. 

1  Tht  Animal  Parasites  of  Man  (Supplement),  p.  652. 
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After  further  development,  the  head  becomes  iuvaginated  into  the  interior 

of  the  brood-capsule,  just  as  the  finger  of  a  glove  might  be  pushed  into  the 

body  of  the  glove  and  at  the  same  time  turned  outside  in.   Ten,  fifteen,  or 

twenty  scolices  may  thus  be  formed  within  each 

brood-capsule,  of   which  there  may  be  many 

thousands  present  within  the  larger  cysts.     The 

base  of  the  young  scolex,  by  which  it  is  attached 

to  the  interior  of  the  brood-capsule,  becomes 

constricted,    loses    its    lumen,    and    forms    a 

delicate  pedicle  for  the  scolex,  which  has  now 

become  a  somewhat  globular  or  slightly  ovoid 

body,  in  the  interior  of  which  are  the  booklets 

and  suckers.     In  this  form  it  remains  until  it  is 

ingested  by  the  final  host,  in  whose  alimentary 

canal  all   parts  except  the   scolex  disappear. 

The  scolex  itself  becomes  evaginated  (see  fig.     FlG-  ,200r~S?d^  ,Scolex 

.  °  v  °  under  slightly  higher  power 

199   (a)  ),  attaches  itself  to  the  mucous  mem-        to   shew   hooklets.     The 

brane  of  the  intestine,  and  develops  into  the        head  is  still  in  tae  i averted 
'  pitt  position.     Note  pedicle  at 

adult  worm  by  the  usual  process  of  budding.  lower  part.    x200. 

Varieties  of  Cyst : — 

i.  In  some  cases,  there  may  be  only  a  single  large  cyst,  without  daughter- 
cysts,  the  brood-capsules  being  situated  on  its  inner  surface.  This  form 
is  said  by  Braun  to  occur  especially  in  domesticated  animals,  though 
Stirling  and  Verco  state  that,  in  their  experience  in  Australia,  it  is  not 
common  in  the  domestic  herbivora,  while  it  is  frequently  found  in  man. 

ii.  "  Acephalocysts  "  or  sterile  cysts  resemble  the  above,  or  daughter- 
cysts  may  be  found,  but  remain  barren,  i.e.  do  not  develop  brood- 
capsules  in  their  interior.     These  are  specially  found  in  cattle. 

iii.  Endogenous  Cysts,  i.  e.  "  mother-cysts,"  producing  "  daughter-'' 
and  "  granddaughter-cysts,"  etc.,  by  a  process  of  endogenous  or  "  cyst- 
wit  hin-cyst  "  formation.  This  method  of  development  occurs  specially 
in  the  case  of  man,  and  is  rare  in  cattle ;  and  the  parasite  exhibiting  it 
has,  for  this  reason,  sometimes  been  named  Echinococcus  hominis. 

iv.  Exogenous  Cysts  are  similar  to  the  foregoing,  except  for  the  fact 
that  the  daughter-cysts  are  formed  externally  to  the  parent-cyst.  All 
the  four  above-mentioned  varieties  are  believed  to  be  merely  different 
forms  of  the  same  parasite,  growing,  it  may  be,  under  different  circum- 
stances and  in  different  positions.  Thus,  in  man,  the  cysts  occurring  in 
the  liver  commonly  multiply  endogenously ;  whilst  those  in  bone  are 
almost  always,  and  those  in  the  brain,  very  frequently,  exogenous. 

v.  Alveolar  Cysts. — Alveolar  Hydatids,  or  hydatids  with  an  alveolar  arrange- 
ment of  the  cysts,  are  rare  in  man,  and  are  found  more  usually  in  cattle,  giving 
rise  to  a  sponge-like  growth,  which  may.  in  some  cases,  resemble  a  colloid  cancer 
in  its  naked-eye  characters,  the  cut  surface  having  a  somewhat  honeycomb- 
like appearance. 
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They  are  most  commonly  found  in  the  liver.  It  is  important  to  note  that, 
though  the  cyst-wall  possesses  both  chitinous  cuticular,  and  cellular  par- 
enchymatous, elements  in  its  structure,  the  latter  is  found  not  only  internal, 
but  external,  to  the  former,  and  hence  reproduction  of  scolices  occurs  oir 
as  well  as  inside.  According  to  the  work  of  Melnikow-Raswedenkow,1  not 
only  scolices,  but  actively  amceboid  embryos  are  developed,  and  these  lead  to 
extension,  both  locally  and  at  a  distance,  in  other  organs  and  tissues.  Further, 
he  maintains  that  highly  virulent  toxins  are  elaborated  by  the  parasite.  Most 
of  the  cases  of  alveolar  hydatids  have  occurred  in  Central  and  Eastern  Europe. 
None  has  been  reported  from  Great  Britain,  or  from  Australia  or  belaud, 
where  the  ordinary  T.  echinococcus  "  hydatidosus"  is  so  common;  and  it 
would  thus  seem  probable  that  the  parasite  of  this  disease,  echinococcus  areo- 
laris, is  specifically  distinct  from  the  T.  echinococcus.  It  has  also  been  found 
in  oxen,  occasionally  in  sheep,  and  very  rarely  in  pigs.  Its  complete  life-cycle 
is  still  unknown. 

Secondary  Changes  which  may  occur  in  hydatid-cysts. — Spontaneous 
cure  may  in  some  instances  occur.  The  hydatids  may  die  off  and  the 
fluid  become  gradually  absorbed.  The  cyst  may  shrink,  its  contents 
degenerating,  and  perhaps  undergoing  calcification,  the  hooklets  persist- 
ing, and  remaining  recognisable  microscopically  for  a  very  long  period. 
Such  changes  may  possibly  be  produced  by  the  entrance  of  bile,  or  by 
injury  to  the  cyst-wall. 

Inflammatory  changes  and  the  formation  of  pus,  due  to  the  entrance 
of  bacteria — e.  g.  B.  coli — may  occur,  and,  as  a  result,  spontaneous 
evacuation  may  take  place.  If  the  cyst  is  in  the  liver,  such  evacuation 
may  be  through  the  diaphragm  into  the  pleural  cavity,  or  into  the  lung 
if  there  are  adhesions  present,  and  the  contents,  having  passed  into  the 
bronchi,  may  be  expectorated.  On  the  other  hand,  the  cyst  may  rupture 
into  the  peritoneal  cavity,  and  wide-spread  growth  of  hydatids  be  thus 
set  up  there. 

FAMILY   2.— DIPYLIDIIDjE 

(Rostellum,  if  present,  armed.  Suckers  unarmed.  Uterus  breaks  up 
into  egg-capsules.     Paruterine  organs  absent.2) 

DIPYLIDIUM  CANINUM  (Syn.  T.  canina ;  T.  cucumerina ;  D. 
< ■"(  iimerinum). — This  tapeworm  is  a  common  intestinal  parasite  of  dogs 
and  cats,  but  it  is  occasionally  also  found  in  the  human  subject,  especially 
in  young  children  who  play  with  these  animals.  Nearly  a  hundred  i 
have  now  been  recorded,  only  eight  of  which  were  adults.  The  worm 
usually  measures  from  15  to  35  cm.  in  lentil  h  and  l-5  to  3  mm.  in  breadth. 
The  head  possesses  four  suckers  and  a  hookletted,  club-shaped  rostellum ; 
and  the  mature  segments,  which  resemble  cucumber-  or  melon-seeds  in 
appearance,  are  G  or  7  mm.  long  and  2  or  3  mm.  broad,  and  are  usually 
of  a  somewhat  reddish  colour.     Each  segment  contains  a  single,  centrally 

1  Melnikow-Raswedenkow,  Studien  iiber  den  Echinococcus  alveolaris  sive  midti- 
locularis,  1901. 

-  Animal  Parasites  of  Man,  p.  309. 
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placed,  reticulated  uterus,  whilst  the  other  sexual  organs  are  arranged 
in  two  similar  sets,  situated  one  on  either  side  of  the  uterus,  one  genital 
pore  opening  symmetrically  at  each  lateral  border,  hence  the  general 
name,  Dipylidium.  The  larval  cysticercoid  form  has  its  habitat  in  the 
dog-louse  (Trichodectes  cams),  the  dog-flea  (Ctenocephalns  canis),  and  in 
the  common  flea  (Pidex  irritans). 

FAMILY  3.— HYMENOLEPIDIM: 

(Small  Tapeworms  infesting  Mammals  and  Birds.) 

HYMENOLEPIS  NANA.— Though  rare  in  Northern  and  Central  Europe, 
this  small  tapeworm  is  common  in  Sicily,  and  has  been  reported  in  many 
other  countries,  including  Japan,  both  Americas,  the  Philippines,  Russia, 


Fig.  201. — Dipylidium  caninum,  shewing  tho  general  structure  of  a  tapeworm, 
i.  e.  head  or  scolex,  neck,  immature  and  mature  proglottides.      X  4. 


Serbia,  etc.  It  varies  from  10  to  45  mm.  in  length,  and  0-5  to  0-7  mm.  in 
breadth,  and  possesses  a  rostellum  with  a  single  circlet  of  some  25  to  30  booklets. 
The  segments  are  very  broad  in  proportion  to  their  length.  Large  numbers 
may  be  present  in  individual  cases,  and  it  may  give  rise  to  serious  disturbance 
of  the  health  of  its  hosts,  which  are  mostly  children.  Other  members  of  this 
family  are  H.  diminuta,  usually  parasitic  in  rats,  the  cysticercoid  larva  develop- 
ing in  the  rat-flea  :  H.  murina  of  the  mouse  :  //.  lanceolata  of  various  birds, 
etc. 

FAMILY   4.— DIBOTHRIOCEPHALIDiE 

(Cirrhus  and  vagina,  if  non-marginal,  open  on  the  same  surface  as  the 
uterus,  which  is  long,  convoluted,  often  forming  a  "  rosette."  Eggs  thick- 
shelled,  operculated,  and  constantly  being  formed  in  the  mature  segments.1) 

1  Animal  Parasites  of  Man,  p.  309. 
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SUB-FAMILY 

(Scolex  unarmed,  elongated, 
pores  non-alternating.1) 


DIBOTHRIOCEPHALINiE 
Cirrhufl  and  vagina  open  ventrally. 


Genital 


DIBOTHRIOCEPHALUS  LATUS  (Syn.  Tamia  Ida;  Bothriocephalus 
lotus;  Dibothrium  latum).— The  broad  tapeworm  may  attain  a  length  of 
from  2  to  9  metres  or  more.    It  is  greyish-yellow  in  colour.    The  head. 


I'n ..  202. — Dtbothriocephalus 
I  at  as. 

a.  Scolex,  luck  ami  com- 

mencement <>t  Btrobila 
(natural  size). 

b.  Anterior    extremity    of 

the  Bame  macnined. 


Fig.  203.— .Mature  Proglottides  of  Dtbothriocephalus 
lotus,  Bhewing  central  rosette-shaped  uterus. 
x8. 


which  i.^  very  minute,  is  elongated  and  somewhat  flattened  at  the  sid* 
almond-shaped,  with  deep,  lateral,  longitudinal,  suctorial  grooves.  It  pos- 
sesses nohooklcts  or  rostellum.  The  neck  is  extremely  delicate.  The  pro- 
glottides may  number  3000  or  4000,  or  more.  Towards  the  middle  of  the 
worm,  each  segment  measures  aboul  1  or  5  mm.  in  longitudinal,  and  1<»  to 
12  mm.  in  transverse,  diameter.  Towards  the  posterior  end  they  become 
narrower  and  more  elongated,  the  terminal  segments  being  almost  square 
in  outline,  and  containing  little  but  the  dilated  uterus,  which  is  centrally 
placed    and    consists    of    numerous    transversely    directed    convolutions 

1  Animal  Parasites  of  Man,  p.  309. 
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which,  in  the  ripe  segments,  give  it  the  rosette  shape  so  characteristic 
of  this  worm  (fig.  203).  The  sexual  openings  are  situated  on  the  flat 
ventral  surface  of  each  segment,  somewhat  anterior  to  its  centre. 

The  ova,  unlike  those  of  T.  solium  and  T.  saginata,  do  not  undergo 
full  embryonic  development  while  still  in  the  uterus.  They  retain  their 
thin,  brownish,  operculated  shells  after  they  have  been  discharged  and 
evacuated  along  with  the  intestinal  contents.  If  carried  to  water,  a 
free -swimming  onchosphere,  with  a  ciliated  embryonal  envelope,  is  hatched 
after  an  interval  of  several  weeks.  Its  complete  life-cycle  is  at  present 
unknown.  The  ciliated  embryo  apparently  enters  an  intermediate  host 
— usually  a  fresh-water  fish,  such  as  the  pike,  burbot,  perch,  certain  of 
the  salmonidae,  etc. — and  it  there  develops  into  the  larval  plerocercoid 
form,  which,  in  turn,  gives  rise  to  the  scolex  of  the  adult  worm.  In  the 
flesh  of  the  fish  it  is  transferred  to  the  alimentary  canal  of  its  final  host, 
e.  g.  man,  dog,  cat,  etc. ;  and,  if  not  killed  by  efficient  cooking — boiling 
or  frying  for  at  least  ten  minutes  is  said  to  be  required  to  kill  it  with 
certainty — it  then  rapidly  develops  into  the  adult  worm,  its  habitat 
being  the  small  intestine,  where  it  may  be  single  or  multiple,  sometimes 
in  considerable  numbers,  and  not  infrequently  in  company  with  Tcenia 
solium.  It  is  most  commonly  found  in  Central  and  Eastern  Europe,  and 
in  Asia,  especially  Turkestan  and  Japan. 

In  the  majority  of  cases,  the  symptoms  produced  in  man  are  not  very 
serious,  but,  in  certain  instances,  probably  owing  to  the  secretion  of  some 
toxin,  or  to  poisons  produced  by  the  disease  or  death  and  decomposition 
of  the  worm  itself,  it  may  lead  to  the  production  of  a  very  profound 
anaemia,  resembling  pernicious  anaemia  in  type.  A  similar  severe  type 
of  anaemia  was  produced  experimentally  by  Tallqvist  with  a  haerno lytic, 
lipoid-like  substance  extracted  from  D.  latus.  Recovery,  often  rapid, 
usually  takes  place  after  the  expulsion  of  the  worm.  The  diagnosis  can 
be  made  by  the  examination  of  the  faeces  for  ova  and  segments,  the  latter 
usually  remaining  united  in  large  pieces. 

Dibothriocephalus  cordatus,  a  smaller  member  of  this  genus,  is  a  common 
parasite  of  the  seal,  walrus  and  dog,  in  Greenland  and  Iceland,  and  is  occasion- 
ally found  in  man.  D.  parvus,  a  somewhat  similar  worm,  is  a  rare  intestinal 
parasite  of  man,  found  by  Stephens  in  a  Syrian  in  Tasmania. 

Sparganum. — This  term  is  applied  to  certain  plerocercoid  larvae  of  Bothrio- 
cephaloid  Cestodes,  the  development  of  which  is  not  sufficiently  known  for 
their  classification  in  their  genera.  S.  mansoni  is  a  ribbon-shaped  plero- 
cercoid attaining  a  length  of  some  30  cm.,  and  a  breadth  of  3  or  6  to  12  mm. 
It  is  common  in  Japan,  and  is  also  found  in  China,  and  has  been  found  in  the 
eye,  various  muscles  (especially  the  quadriceps  femoris),  and  the  genito-urinarv 
tract;  and  it  is  sometimes  passed  in  the  urine.  The  worm  has  a  tendency 
to  wander  in  the  tissues,  giving  rise  to  "  an  inflammatory  tumour  with  a 
tendency  to  migrate  "  (Omi,  "  Iji-Shinshi,"  Tokio,  1898).  Suppuration  and 
abscess-formation  may  supervene.  Other  varieties  of  Sparganum  are  S. 
jnoliferiim,  found  in  Japan  and  Florida,  and  producing  an  acne-like  skin- 
condition,  due  to  encapsulation  of  the  worm  in  the  corium,  sometimes  in 
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thousands,  the  capsules  averaging  some  1  to  2  mm.  in  diameter  and  feeling 
like  embedded  rice-grains  on  palpation.     Infection  with  these 
is  probably  due  to  eating  uncooked  fish. 

(As  already  stated,  other  varieties  of  tapeworm  may  occur  in  man, 
e.g.  Hymenolepis  nana,  II.  dimimda,  II.  lancedlata,  etc.,  for  description 
of  which,  special  works  of  reference,  e.g.  The  Animal  Parasites  of  Man, 

should   be  consulted.) 


PHYLUM    II.-NEMATHELMINTHES 

(Bilaterally  symmetrical  worms  with  a  body-cavity  in  which  the  gut 
or  other  organs  float.     They  are  generally  cylindrical.) 

CLASS  :    NEMATODES,  ROUND-WORMS  OR  THREAD-WORMS 

The  Nematodes  are  elongated,  cylindrical,  filiform,  or  slightly  spindle- 
shaped  worms.  They  are  non-segmented,  and  are  covered  by  a  chitinous 
cuticle,  which  may  shew  transverse  striation.  Beneath  this  layer  lies  the  cutis 
and  dermo-muscular  tube,  within  which  is  the  body-cavity  containing  the 
intestinal  canal,  etc.  The  oral  aperture  opens  into  the  mouth-cavity,  which 
is  continued  as  the  oesophagus,  the  posterior  part  of  the  latter  usually  shewing 
a  bulb-like  dilatation,  behind  which,  in  some  species,  there  is  a  glandular 
"  stomach,"  followed  by  the  mid-  and  hind-gut,  the  latter  being,  as  a  rule, 
short.  They  usually  taper  towards  the  head  or  anterior  extremity,  where  the 
mouth,  which  may  often  shew  certain  characteristic  peculiarities  in  structure,  is 
situated.  The  sexes  are,  in  nearly  all  cases,  separate,  the  male  being  generally 
smaller  than — usually  about  half  the  length  of — the  female.  The  posterior 
extremity  may  be  tapering  or  rounded,  and  is  generally  straight  in  the  case 
of  the  female ;  whilst  in  the  male  it  is  usually  curved,  and  may  shew  peculiar 
modifications,  such  as  the  development  of  a  bursal  or  wing-like  expansion, 
or  it  may  be  bilobed. 

DEVELOPMENT. — Fertilisation  of  the  ova  occurs  within  the  uterus. 
The  female  is  usually  oviparous,  but  is  sometimes  ovo-viviparous,  or  in  a  few 
cases  viviparous.  The  embryos  are  minute,  filiform,  worm-like  bodies,  which 
generally  lie  coiled  up  within  the  ova.  In  some  cases,  these  embryos,  apart 
from  their  smaller  size,  closely  resemble  the  parent  worm.  In  other  instances, 
they,  at  first,  may  possess  certain  characters  which  they  eventually  lose  by  a 
process  of  metamorphosis,  and  must  then  be  regarded  as  larval  forms. 

These  miniature  nematodes  may  reach  the  alimentary  canal  of  their  next 
while  still  contained  within  the  egg;  or  they  may  hatch  in  the  open, 
and  live  in  mud  or  water  or  elsewhere  before  entering  the  body  of  the  final 
host.  In  other  important  instances,  e.g.  in  the  Filariae,  the  immature  forms 
air  present  in  the  blood  of  the  definite  host,and  do  not  undergo  further  develop- 
ment until  they  are  transferred  to  the  body  of  an  intermediate  host — often  a 
blood-sucking  insect  e.  <j.  a  mosquito  in  the  case  of  Filar  ia  sanguinis  Jton 
in  which  they  then  undergo  metamorphoe 

In  certain  exceptional  cases,  e.g.  in  TrichineUa,  the  embryos  do  not  lea 
the  body  of  the  host  which  harbours  the  parent  worms,  but  utilise  it  also  as 
the  intermediate  host,  encysting  in  the  muscles  or  elsewhere,  until  they  are 
transferred,  along  with  the  tissue  in  which  they  are  embedded,  to  the  ali- 
mentary canal  of  the  second  host,  which  may  or  may  not  be  of  the  same  species 
as  the  first.  In  their  new  host,  they  then  undergo  further  development  and 
become  mature. 

In  other  nematodes,  what  is  known  as  Heterogony  occurs,  in  which  there 


ANIMAL   PARASITES:    WORMS  415 

may  be  alternation  of  fully-developed  sexual  generations,  one  generation  being 
perhaps  hermaphrodite,  and  the  other  dioecious,  as  in  Angioslomum  (Rhabdo- 
7iema).  The  bisexual  rhabditis  forms,  as  they  are  termed,  are  free-living, 
and  are  much  smaller  than  the  hermaphrodite  parasitic  form. 

Some  nematodes  are  parasitic  only  during  their  larval  stage,  the  adult 
form  being  free-living  in  water  or  in  mud. 

FAMILY  1.— ASCARIDJE 

In  the  members  of  this  family,  the  mouth  is  provided  with  three  lip-like 
papillae,  one  dorsal  and  two  latero-ventral.  The  oesophagus  possesses  a  bulb- 
like expansion.  The  tail  of  the  male  is  curved,  and  the  genital  aperture  is 
furnished  with  two  spicules  and  numerous  small  papillae.  The  female  genital 
opening  is  situated,  as  a  rule,  anterior  to  the  middle  of  the  worm,  which  is  ovi- 
parous.    No  intermediate  host  is  required,  development  being  direct. 

ASCARIS      LUMBRICOIDES     or     common     ROUND-WORM.— This 

parasite  somewhat  resembles  the  common  earth-worm  in  appearance, 
having  a  long,  cylindrical  body,  tapering  towards  both  ends.  The 
female  may  measure  from  20  to  25,  or  even  as  much  as  40,  cm.  in  length, 
and  about  5  mm.  in  diameter :  the  length  of  the  male  being  from  15  to 
17  up  to  25  cm.,  and  its  breadth  about  3  mm.  In  colour,  they  are  reddish 
or  greyish-yellow.  In  their  general  characters  and  structure,  these  worms 
conform  to  the  family  description  given  above,  the  tail  of  the  female 
being  straight,  and  that  of  the  male  strongly  hooked  or  curved  ventrally. 

The  ova  {see  fig.  178)  are  oval  in  outline,  measuring  50  to  70  jjl  in 
length  by  40  to  50  p  in  breadth.  They  possess  a  transparent  shell, 
surrounded  externally  by  a  thick  albuminous  envelope,  which  has  a 
rough,  knobbed,  or  mammillated  appearance  externally,  and  which  stains 
yellowish-brown  with  the  bile  of  the  faeces,  in  which  it  may  occur  in 
enormous  numbers.  The  ova,  when  passed,  are  usually  unsegmented,  the 
embryo  taking  several  weeks  to  develop.  They  are  very  resistant,  and 
may  survive  desiccation,  cold,  etc.,  for  a  prolonged  period.  In  favourable 
circumstances,  they  may  remain  alive  for  as  long  as  five  years  or  more. 
Infection  appears  to  be  due  to  the  direct  ingestion  of  the  ovum  with 
its  contained  embryo,  no  intermediate  host  being  necessary. 

The  parasite  occurs  especially  in  the  upper  and  middle  parts  of  the 
small  intestine,  but  it  may  occasionally  find  its  wTay  into  the  stomach. 
Usually,  only  a  few  worms  are  present,  e.  g.  two  to  six,  but,  in  exceptional 
cases,  enormous  numbers  may  be  found.  Its  geographical  distribution 
is  practically  universal.  It  is  one  of  the  commonest  parasites  of  man, 
both  in  adults  and  in  children,  and  it  also  occurs  in  monkeys,  dogs  and 
pigs. 

The  pathological  effects  of  the  presence  of  the  worm  in  the  intestine 
vary  greatly.  They  may  be  slight,  or,  in  other  cases,  may  produce  severe 
nervous  symptoms,  but  whether  these  are  toxic  or  merely  reflex  in  nature 
is  not  known.  They  may  invade  and  cause  obstruction  of  the  common 
bile-duct  or  pancreatic  duct,  and  may  penetrate  a  considerable  distance 
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and  be  found  in  the  liver,  gall-bladder,  01  interior  of  the  pancreas;  and. 
in  exceptional  cases,  they  may  bore  through  the  intestinal  wall,  and  give 

rise  to  peritonitis  or  to  localised  abscess-formation. 

Occasionally,  the  worm  may  migrate  up  the  oesophagus  and  appear 
in  the  mouth  or  nose,  and  may  even  reach  the  frontal  or  other  accesf 

1  sinuses,  or  pass  along  the  Eustachian  tube  to  the  middle  ear.  In 
the  female,  they  have  occasionally  been  found  in  the  bladder.  I 
suffocation  due  to  their  impaction  in  the  glottis  have  been  described, 
and  they  may  even  pass  down  into  the  trachea  and  bronchi.  In  some 
febrile  and  toxic  diseases,  and  also  sometimes  just  before  the  death  of 
the  host,  the  worms  may  migrate  from  the  body. 


Fig.  204. — Ova  of  Oxyuris 

vermicular  is.      X300. 


Female. 


Male. 


Fig.  205. — Oxyuris  vermicu- 
lar is,  Bhewing  relative  .size 
of  female  and  male,  and 
characteristic  curved  tail 
of  the  latter,      x  10. 


FAMILY  2.     OXYURIDiE 

(These  are  small  worms  with  a  lateral  thickening  of  the  cuticle  forming 
a  flange  or  wing  extending  along  each  side  of  the  body.  The  oesophagus  is 
long  and  equipped  with  a  well-developed  bulb.) 

OXYURIS  VERMICULARIS -  The  THREAD-WORM  or  SEAT-WORM. 

These  are  small,  white  round-worms,  the  female  measuring  some  10  mm. 
in  Length  by  about  0'5  mm.  in  breadth,  and  the  male  usually  3  to  5  mm. 
by  0"1G  to  0'2  mm.  The  posterior  end  of  the  male  is  truncated  and 
markedly  curved,  and  is  furnished  with  a  single  spicule  and  six  anal 
papillae,  while  that  of  the  female  is  long  and  tapers  to  a  sharp  point. 


ANIMAL   PARASITES:  WORMS  417 

The  ova  (see  figs.  178  and  204)  are  minute,  oval,  thin-shelled  bodies, 
measuring  about  50  ju  in  length  and  16  to  24  ju  in  breadth,  and  are  some- 
what flattened  on  one  side.  They  usually  contain  a  small,  coiled-up 
embryo,  which  is,  as  a  rule,  not  li berated  from  the  shell  until  it  reaches 
the  human  stomach,  though  the  larvae  have  also  been  found  in  the  nose, 
when  the  latter  has  been  infected  with  the  ova,  probably  from  the 
fingers.  Direct  infection  occurs  through  the  mouth,  to  which  the  ova 
may  be  conveyed  by  the  fingers,  e.g.  infected  finger-nails,  or  by  fruit 
or  vegetables,  dust,  etc.,  which  have  been  contaminated  with  the  ova. 
Development  is  complete  in  three  or  four  weeks.  The  ova  keep  well 
when  dry,  but  are  said  to  perish  after  prolonged  immersion  in  water. 
An  intermediate  host  is  not  required. 

These  parasites  are  common  in  children.  The  habitat  of  the  young 
and  maturing  worm  is  the  small  intestine,  caecum  and  appendix,  and 
perhaps  the  upper  part  of  the  colon.  The  impregnated  females,  when 
mature,  descend  into  the  rectum,  where  they  produce  their  ova,  they 
themselves  passing  out  with  the  faeces.  They  may  also  migrate  out  fer 
anum,  especially  when  the  patient  is  warm  in  bed,  and  may  cause  great 
itching  and  irritation.  They  may  enter  the  vulva,  vagina,  or  bladder, 
giving  rise  to  considerable  irritation  in  these  parts.  Their  presence  in 
the  intestine  may,  in  some  instances,  produce  little  or  no  obvious  patho- 
logical effects,  but,  in  other  cases,  and  especially  in  weakly  children, 
they  may  cause  serious  reflex  nervous  symptoms,  fits,  enuresis,  etc. 
They  may  also  produce  appendicitis,  typhlitis,  and  entero -colitis,  and  are 
sometimes  found  in  the  interior  of  nodule-like  swellings  in  or  beneath 
the  intestinal  mucosa,  and  in  anal  and  rectal  fistulae.  Oxyuridce  may  also 
occasionally  invade  the  nose.  Severe  eczema  may,  in  some  cases,  be 
produced  around  the  anus  and  neighbouring  parts. 

FAMILY  3.— DIOCTOPHYMIDiE    or  EUSTRONGYLID^E 

DIOCTOPHYME  GIGAS  (Syn.  Eustrongylus  or  Strongylus  gigas). — This 
giant  worm  is  the  largest  nematode  found  in  man,  in  whom,  however,  it  is 
very  rare.  It  is  blood-red  in  colour,  the  female  attaining  sometimes  the 
length  of  100  cm.  and  a  breadth  of  12  mm.  The  length  and  thickness  of  the 
male  are  usually  a  little  less  than  half  those  of  the  female  worm.  The  anterior 
extremity  is  tapering,  and  the  posterior  extremity  of  the  male  is  furnished 
with  a  collar-like  bursal  expansion  and  a  single  spicule. 

The  ova  are  oval  in  shape,  and  possess  a  thick,  brownish  shell,  which  shews 
numerous  small  irregular  depressions  externally. 

The  habitat  of  this  worm  is  the  pelvis  of  the  kidney  of  the  seal,  otter,  dog, 
horse,  and  other  animals,  and  only  very  exceptionally  of  man,  in  whom  it 
may  be  diagnosed  by  the  haematuria  and  the  presence  of  the  characteristic 
ova  in  the  urine.  There  is  usually  associated  pyelitis,  and  the  inflammatory 
process  may  spread  into  the  kidney  and  to  the  ureter. 

FAMILY  4.— STRONGYLID^E 

This  is  a  large  and  important  family,  the  members  of  which  are  character- 
ised by  the  possession  of  six  oral  papillae ;  and  the  mouth  may  also  be  armed 
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with  chitinoua  teeth.     The  posterior  extremity  <»f  the  male  is  furnished  with 
an  umbrella-like  copulatory  expansion  and  one  or  two  spicules. 

The  most  important  Bub-familie  ipa  in  this  family  axe  the  Ankylo- 

stomecBto  which  belongs  the  genua  Ankylostorna:  and  the  B  phich 

contain  the  §  Human  Ankylostomiasis  may,  for  all  pracl 

purposes,  be  regarded  as  due  to  the  two  species,  Ankylostoma  d  and 

tior  americanus.    Both  of  these  are  sometimes  found  in  the  same  individual. 

ANKYLOSTOMA1     DUODENALE    or    HOOK-WORM     (Svn. 

inius   anchylostomum :    Strongylus    duodenalis; 

Dochmius   duodenalis,    etc.;   and,  in   America. 
Undnaria  duodenalis). 

This  extremely  important  parasite  is.  in  its 
adult  form,  the  cause  of  Egyptian  chlorosis, 
miners'  disease,  miners'  anaemia,  brickmakers' 
anaemia,  or  tunnel-disease;  whilst  its  embry- 
onic form  may  cause  skin-eruptions  variously 
known  as  ground-itch,  water-itch,  coolie-itch, 
etc.  It  is  widely  distributed  throughout  most 
tropical  and  subtropical  countries,  more  especi- 
ally in  Egypt,  India  and  Ceylon,  the  Far  East, 
Brazil,  and  many  other  parts  of  America,  etc. 
It  is  also  found  in  Southern  Europe,  having 
been  first  discovered  by  Dubini  in  Italy  in 
1843.  It  is  endemic  in  certain  parts  of 
Germany,  Austria,  Hungary,  and  other  parts 
of  Central  Europe ;  and  in  Cornwall,  among  the 
tin-miners,  it  is  by  no  means  uncommon. 
During  the  war,  ankylostomiasis  was  very 
prevalent  among  the  troops  in  Egypt,  especi- 
ally   in    the    Egyptian    Labour    Corps,    and 

amongst    Indian    troops    in    Palestine,     East 
Fio.   2(h).-    Ankylostoma  duo-     .  r.    b         .    ^r  L.  .  . 

denaie,  shewing  relative  sizes   Africa    and    Mesopotamia.,    and    amongst    the 
of  male  and  female.     Both    natjvt.   African   soldierv. 
.-h<\\       tlit;      characteristic  .  / .         . 

hooked  anterior  extremity.  Ihe  worm  is  cylindrical  m  shape,  the  head 

The   ...air  ia  smaller  than    |J(.j,    .   somewhat    tapering,    and    the    posterior 
the    female,    ami    its    pos-  °  r        o»  r 

tenor  extremity  shews  tin-   ext  remit  v  more  truncated.     The  length  of  the 

tt^x^on!50^^  female » ^^y about  l~ nnn- aml  its bieadth 

18  about  0'6  mm.  The  anus  is  subterminal, 
and  the  posterior  extremity  is  furnished  with  a  small  spine.  The 
vulvar  orifice  is  situated  ventrally.  and  is  slightly  behind  the  junction 
of  the  middle  and  posterior  third  of  the  body.  The  male  is  usually  about 
9  mm.  in  length,  and  (H  to  <>"5  nnn.  in  diameter;  and  its  posterioi 
t  remit  v  is  furnished  with  a  characteristic  umbrella-like  copulatory  bu 

1  Variously  Bpelled  Ankylostoma,  Ancylostoma,  Agchylostoma  (the  g  being  a 
mistaken  transonption  of  the  Greek  letter  y,  which  should  here  be  given  the 
value  of  our  n.  as  in  angel  from  ayyeAos),  Audi  etc. 
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supported  by  eleven  chitinous  rays  or  ribs,  and  possessing  three  (two  large 
lateral  and  one  smaller  dorsal)  wing-like  processes.  The  genital  orifice, 
situated  in  the  concavity  of  the  bursa,  is  equipped  with  two  long,  slender 
spicules. 

The  worm  is  pinkish-white  in  colour  when  alive,  or  brownish-red  if 
gorged  with  blood,  but  is  greyish-white  when  dead.  The  head,  in  both 
sexes,  is  slanting  or  bent,  the  mouth  being  directed  dorsally.  The  oral 
cavity  is  armed  with  four  hook-like  teeth,  situated  ventrally  (but,  because 
of  the  direction  of  the  mouth,  appearing  as  if  anterior).  These  are 
directed  backwards,  two  on  each  side  of  the  middle  line,  and  on  the 
opposite  or  dorsal  surface  of  the  mouth  are  two  conical  papillae  or  pro- 
jections, pointing  forwards,  one  on  either  side  of  a  U-shaped  central  gap, 


(a)  Anhjlostoma  duodenale.  (b)  Necator  americanus. 

Fig.  207. — Shewing  the  mouth-parts  of  the  two  worms. 

(a)  Ankylostoma  duodenale.  Note  the  four  ventral  teeth,  appearing  to  be  anterior, 
owing  to  the  mouth  being  directed  dorsally.  The  U-shaped  gap  is  not  well  she  wax 
below,  but  the  rounded  papillae  on  each  side  of  it  are  just  visible.  The  opening 
of  the  dorsal  oesophageal  gland  is  seen  in  the  middle  line  below. 

(&)  Necator  americanus.  Note  the  chitinous  cutting-plates  (in  place  of  the  ventral  teeth 
of  A.  duodenale),  and  the  lateral  lancets.      X  150. 


and  simulating  the  appearance  of  a  pair  of  "  dorsal  teeth."  The  muscular 
oesophagus  is  strongly  developed,  and,  by  means  of  this  structure,  the 
worm  draws  in  the  intestinal  mucous  membrane  of  its  host  and  fixes 
it  by  means  of  the  powerful  buccal  armature  above  described.  The 
ova  are  elliptical  in  shape,  measuring  55  to  60  fx  in  length  by  35  to  40  /* 
in  breadth.  They  possess  a  thin  transparent  shell,  which  does  not  stain 
with  bile,  and  through  which  the  segmenting  embryo  may  be  seen  (figs.  178, 
208  and  209),  a  varying  degree  of  development  occurring  as  the  ovum 
passes  down  the  intestine,  segmentation  into  four  divisions  being  usually 
seen  at  the  stage  when  the  ovum  is  expelled  from  the  bowel  in  the  faeces. 
The  habitat  of  the  worm  is  especially  the  upper  part  of  tbe  jejunum. 
and  to  a  less  degree  the  duodenum.     In  exceptional  circumstances,  it 
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may  be  found  in  the  stomach,  or  in  the  ileum  or  large  intestine.  The 
worm  attaches  itself  by  means  of  its  buccal  armature  to  the  mucous 
membrane,  upon  the  cells  and  villi  of  which  it  appears  to  feed,  as  well 
as  possibly  upon  the  blood  which  it  may  suck,  though  Looss  is  of  opinion 
that  the  former  and  not  the  latter  constitutes  its  main  food.  The  worm 
is  believed  to  shift  from  place  to  place  on  the  mucous  membrane,  and  loss 
of  blood  may  also  occur  from  the  abandoned  sites. 

The  infection  may  sometimes  exist — especially  if  only  a  few  worms 
are  present — without  producing  any  very  marked  injury  to  health,  the 
infected  individuals  acting  more  or  less  as  mere  carriers ;  but  even  slight 
degrees  of  ankylostomiasis  usually  cause  some  degree  of  debility  and 
loss  of  weight,  and  tend  to  aggravate  any  other  diseases  from  which  the 
host  may  suffer.     It  is  also  stated  that  there  is  some  evidence  that  the 

victims  of  ankylostomiasis  are  specially 
liable  to  infection  with  measles.1  The 
worms  vary  greatly  in  number  in  different 
cases,  and  apparently  this,  and  personal 
idiosyncrasy  to  the  action  of  the  toxins, 
play  an  important  part  in  the  severity  or 
otherwise  of  the  resulting  symptoms. 
There  may  be  cedema  of  the  face  and 
ankles,  and  ascites  may  supervene,  and 
jaundice  and  enlargement  of  the  liver, 
accompanied  by  irregular  and  intermittent 
fever,  possibly  due  to  secondary  bacterial 
infection.  The  spleen  is  not  usually  en- 
larged. Retinal  haemorrhages,  believed  to 
be  toxic  in  origin,  are  of  frequent  occur- 
rence. Several  cases  have  been  reported 
in  which  Ankylostoma  worms  were  found  in  the  frontal  sinus.  The 
profound  anaemia,  to  which  the  presence  of  the  worm  not  infrequently 
gives  rise,  may  be  due  to  the  withdrawal  of  blood  by  the  parasite,  to  the 
haemorrhage  from  the  wound  in  the  mucous  membrane  after  the  worm 
has  changed  its  position,  and  to  the  interference  with  digestion  caused  by 
its  presence,  and  also  to  the  injection  of  some  toxic  hemolytic  substance, 
elaborated,  perhaps,  by  the  two  large  head-glands  with  which  the  worm  is 
furnished.  Various  bacterial  infections  may  occur  in,  or  as  a  consequence 
of,  the  lesions  produced  by  the  worms,  and  are  believed  to  contribute  to 
the  clinical  symptoms  of  the  disease.  Examination  of  the  blood  sh 
that  the  red  corpuscles  are  reduced  in  number,  e.g.  to  a  million  or  less 
per  c.mm.  in  serious  cases;  whilst  the  haemoglobin  is  reduced  both  in 
percentage-amount  and  in  amount  per  corpuscle,  in  the  latter  case,  the 
colour-index  being  reduced  frequently  to  less  than  a  third  of  the  normal. 

1  Memoranda  on  Medical  Diseases  in  the  Tropical  and  Sub-Tropical  War  Areas, 
H.M.  Stationery  Office,  London,  1919. 


Fig.  208. — Ovum  of  Ankylostoma 
duodenalc  in  feces,  shewing  thin 
transparent  shell  and  segmenta- 
tion of  embryo.      X3U0. 
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Normoblasts  are  often  present,  megaloblasts  less  commonly,  and  the  red 
corpuscles  usually  shew  considerable  poikilocytosis,  and  sometimes 
polychromatophilia.  In  recent  infections,  the  leucocytes  are  usually 
increased,  e.  g.  up  to  56,000  (Boycott  and  Haldane).  The  coarsely  granular 
eosinophils  are,  as  in  the  majority  of  cases  of  helminthiasis,  specially 
increased  in  number,  and,  in  this  disease,  usually  constitute  about  8  per 
cent,  or  more  of  the  total  leucocytes,  the  highest  percentage  of  eosinophils, 
recorded  by  Boycott  and  Haldane,  being  66  per  cent,  in  two  cases  of 
recent  infection  in  which  the  total  leucocyte-counts  were  respectively 
56,000  and  44,000  per  c.mm.  The  eosinophilia  usually  becomes  less 
pronounced  as  the  disease  becomes  more  chronic.  Certain  severe  cases 
may  shew  no  increase  of  eosinophils.  In  cases  which  have  not  progressed 
too  far,  rapid  recovery  may  occur  after  the  expulsion  of  the  parasites. 

In  addition  to  the  changes  due  to  the  anaemia — e.  g.  pallor  and  oedema 
of  the  tissues,  serous  effusions,  fatty  degeneration  of  the  organs,  and 
perhaps  the  accumulation  of  iron-pigment  in  the  liver — evidence  of  the 
nature  of  the  disease  may  be  seen  in  the  small  intestine  itself.  The 
worms  may  be  found  still  adhering  to  the  mucous  membrane  in  con- 
siderable numbers ;  or — and  especially  if  the  post-mortem  is  made  some 
time  after  death — they  may  have  relaxed  their  hold,  and  may  then  be 
found  in  the  lumen  of  the  bowel.  The  positions  recently  occupied  by 
the  worms  on  the  mucous  membrane  may  be  seen  as  numerous  little 
punctiform  haemorrhages,  each  with  a  minute  wound  in  its  centre,  whilst 
little  points  of  pigmentation  mark  the  older  sites.  Acute  or  chronic 
intestinal  catarrh  is  often  present,  and,  locally,  the  affected  part  may  be 
covered  with  slightly  blood-stained  mucus,  though  marked  melaena  is 
uncommon. 

Development. — The  segmenting  ovum  (see  figs.  208  and  209),  on 
leaving  the  body  of  the  definitive  host  in  the  faeces,  rapidly  develops,  if 
placed  under  suitable  conditions  of  moisture  and  temperature  (e.  g.  25°  to 
30°  C),  development  being  retarded  if  too  much  water  is  present,  and 
also  if  there  is  an  insufficient  supply  of  oxygen.  In  a  day  or  two,  a  rod- 
shaped  larva,  measuring  0*25  mm.  in  length  and  14  to  17  ju  in  diameter, 
is  hatched  out  (see  fig.  209).  The  larvae,  so  produced,  are  actively  motile 
and  can  swim  in  water  or  wriggle  up  a  moist  surface.  They  grow  rapidly 
in  moist  earth  or  mud,  moulting  their  cuticle  twice,  and  attaining  a  length 
of  about  half  a  milli metre  and  a  diameter  of  24  jti.  Further  growth  now 
ceases,  and  a  more  sluggish  stage  supervenes,  during  which  the  larva 
may  remain  alive  in  water  or  moist  earth  for  several  months.  During 
this  period — only  the  mature  larvae  are  infective — it  may  be  ingested 
by  man,  either  in  contaminated  drinking  water  or  in  other  ways,  and 
so  reach  the  alimentary  canal,  developing  in  the  intestine,  where  the 
third  moult  occurs,  into  the  adult  worm — the  fertilised  female  producing 
ova  which  appear  in  the  faeces  some  seven  to  ten  weeks  after  infection. 
Or  the  larva  may,  as  has  been  demonstrated  by  Looss,  actively  make  its 


422  GENERAL  PATHOLOGY 

way  through  the  skin,  if  brought  in  contact  with  the  latter  in  water  or 
mud.  The  larvae  bore  their  way,  sometimes  by  way  of  the  hair-follicles, 
into  the  skin  and  subcutaneous  tissue,  where  they  may  wander  a! 
causing  an  eczema-like  skin-eruption  ("  ground-itch,"  "coolie-itch," 
etc.).  The  larva'  may  then  enter  the  lymphatic  channels,  and  pass 
them  into  the  thoracic  duct,  and  thus  into  the  venous  circulation;  or, 
in  other  instances,  they  may  enter  a  small  subcutaneous  vein,  and  so 
reach  the  venous  circulation  directly.  They  are  then  carried  through 
the  right  side  of  the  heart  to  the  lungs,  in  which  they  burrow  into  the 
air- vesicles,  and,  later,  into  the  bronchi,  where  they  cast  their  envelope 
for  the  third   time.      They  next  make  their  way  up  the  bronchi   and 
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209. — Ova  of  Ankylostoma  duodenale,  shewing  segmentation  and  development  of 
the  embryo  within  the  clear  transparent  shell.  The  hatehed-out  rod-shaped  larva 
Lb  Bhewn  below.     X300. 

trachea,  either  in  the  mucous  secretion  in  the  lumen,  or  along  or  in  the 
substance  of  the  mucous  membrane.  On  reaching  the  glottis,  they  are 
swallowed,  or  make  their  way  down  the  oesophagus  to  the  stomach  and 
intestine,  where  the  final  moult  occurs.  This  remarkable  journey  is 
believed  to  take  from  seven  to  ten  days  to  complete.  There  is  also  some 
evidence  to  shew  that  other  routes  may  occasionally  be  taken,  e.g.  from 
the  pulmonary  artery  to  the  pulmonary  veins  in  the  lung  and  through 
the  general  circulation  to  the  jejunum,  the  larva  then  boring  through 
tin1  mucous  membrane  into  the  lumen  of  the  bowel.  The  worm  having 
now  become  sexually  mat  ure,  and  having  attained  its  adult  form,  attaches 
itself  to  the  mucous  membrane  of  the  intestine. 

Various  other  species  of  Ankylostoma  (e.g.  A.  caninum),  inf< 
certain  of  the  lower  animals  are  described,  and  have  been  utilised  in 
working  out  the  life-history  of  the  genus. 
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NECATOR  AMERICANUS  (Syn.  A.  americanum;  N.  africanus ; 
TJncinaria  americana) . — The  American  variety  of  hook-  or  tunnel- worm 
closely  resembles  Ankylostoma  duodenale  both  in  general  structure  and 
with  regard  to  the  symptoms  which  it  produces.  It  may,  however, 
be  distinguished  from  the  latter  by  its  smaller  size,  by  the  more  strongly 
marked  dorsiflexion  of  the  head,  and  by  the  absence  of  the  four  ventral 
hook-like  teeth,  instead  of  which  it  possesses  a  semi-lunar  chitinous 
cutting-plate  on  each  side  meeting  in  the  middle  line  in  front  (see  fig.  2076). 
The  dorsal  margin  of  the  mouth  is  furnished  with  two  slightly  developed 
chitinous  plates.  The  buccal  cavity  is  small,  and  has,  deeply  placed 
within  it,  two  pairs  of  lateral  lancet-like  teeth.  There  are  also  certain 
minor  differences  found  in  the  copulatory  bursa  of  the  male ;  and  the 
ova  are  somewhat  larger  than  those  of  A.  duodenale,  measuring  64  to  75  fi 
in  length  and  36  to  40  ju  in  breadth,  and  are  more  pointed  at  the  poles. 
The  life-history  of  this  worm  is  similar  to  that  of  A.  duodenale,  as  aie 
the  lesions  and  symptoms  it  produces. 

This  worm  has  been  found  only  in  man  and  the  gorilla.  It  occurs 
in  North  and  South  America,  and  wTidely  throughout  the  African  Continent, 
and  it  has  also  been  described  as  occurring  in  India,  Ceylon,  Assam  and 
Burma. 

FAMILY   5.— TRICHINELLIDJE 

((Esophagus  consists  of  a  chain  of  single  cells,  through  the  centres  of 
which  the  lumen  passes.  Single  ovary.  Vulva  at  junction  of  anterior  and 
posterior  portions  of  worm.) 

SUB-FAMILY  :  TRICHURIWE 

(Characters  as  described  below  for  T.  trichiura.) 

TRICHURIS  TRICHIURA  (Syn.  Trichocephalus  trichiuris  ;  Ascaris 
trichiura;  Trichocephalus  hominis ;  T.  dispar). — T.  trichiura,  or  the 
common  whipworm,  is  a  frequent  parasite  in  man.  The  thin,  thread- 
like, cephalic  extremity,  constituting  about  the  anterior  three-fifths  of 
its  entire  length,  resembles  the  lash  of  a  whip,  the  "  handle  "  being  formed 
by  the  stouter  posterior  two-fifths  of  the  worm.  The  female  measures 
45  to  50  mm.  in  length,  the  thick  posterior  part  being  straight,  whilst 
in  the  male,  which  measures  40  to  45  mm.  in  length,  the  posterior  pait 
is  curled  up  into  a  spiral.  The  male  possesses  a  single  long  spicule,  with 
a  sleeve-like,  retractile  sheath.  The  ova  (see  figs.  178  and  211)  measure 
usually  50  to  55  ju  in  length,  and  about  25  tu  in  breadth.  They  are 
oval  or  somewhat  barrel-shaped,  with  a  thick  brownish  shell,  shewing  at 
each  end  a  characteristic  clear,  knob-like  plug  resembling  a  "  stopper  " ; 
they  are  extremely  resistant  both  to  cold  and  drying;  and  are 
usually  unsegmented  when  passed,  incubation  taking  place  in  water 
or  mud.  No  intermediate  host  is  necessary.  On  reaching  the  human 
stomach,  the  shell  is  digested  away,  and  the  embryo,  thus  liberated, 
becomes  mature  in  four  or  five  weeks. 

Its  special  habitat  is  the  caecum  and  commencement   of  the  large 
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intestine,  to  the  inner  surface  of  which  it  is  said  to  attach  itself  by  trans- 
fixing a  fold  of  the  mucous  membrane  with  its  thin  anterior  extremity. 
or  by  burrowing  its  pointed  head  into  a  gland.  It  occasionally  finds 
its  way  into  the  interior  of  the  vermiform  appendix,  and  it  may.  in  rare 
instances,  even  penetrate  the  wall  of  the  bowel  with  its  sharp  cephalic 


M. 


Fig.  210. — Trichuris  trichiura.     F.  female.     M.Male.      x2J. 
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Fig.  211. — Ova  of  Trichuris  trichiura  in  fooea.        300. 

end  and  produce  peritonitis.  As  a  general  rule,  however,  its  presence 
gives  rise  to  no  serious  pathological  results,  though  it  may  occasionally 
cause  a  very  severe  form  of  anaemia. 

T.  trichiura  is  found  in  some  monkeys  and  in  lemurs,  as  well  as  in  man. 

Other  species  of  Trichuris  are  found  in  various  of  the  lower  animals,  e.g. 
sheep,  pigs,  dogs,  cats,  rabbits  and  hares,  camels,  giraffes,  certain  varieties 
of  cattle,  mice,  etc. 
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SUB-FAMILY  :  TRICHINELLIWE 

(The  male  does  not  possess  a  spicule.  Females  ovo-viviparous.  Larvae 
bore  into  the  muscles  of  the  host  and  encyst.) 

TRICHINELLA  SPIRALIS  (Syn.  Trichina  spiralis). — This  worm,  in 
its  immature  or  larval  state,  is  the  cause  of  trichinosis  or  trichiniasis 
(or  trichinelliasis)  of  muscle  in  man,  in  the  rat  and  mouse,  the  pig,  dog, 
cat,  and  other  animals.  Infection  of  the  human  subject  is  usually  brought 
about  by  eating  trichinosed  and  imperfectly  cooked  pork.  The  adult 
worm  inhabits  the  alimentary  canal,  more  especially  the  small  intestine,  of 
the  same  hosts.  The  male  is  about  1*4  to  1*6  mm.  long  and  0*04  mm.  broad. 
After  impregnation,  the  female  increases  considerably  in  size — 3  to  4  mm. 
in  length  and  0*06  mm.  in  diameter — chiefly  on  account  of  the  dilatation 
of  the  ovarian  tube,  which  also  acts  as  a  uterus.     The  upper  or  posterior 


Fig.  212. — Trichinella  embryos  encysted  in  human  muscle.      X40. 

part  of  this  organ  contains  enormous  numbers  of  ova,  and  on  tracing 
these  forward,  segmentation  and  the  rapid  development  of  the  little, 
worm-like  embryos  may  be  observed  to  have  occurred.  The  egg-shell 
disappears,  and  the  embryos  are  free  within  the  mother,  which,  in  the 
five  to  seven  weeks  of  her  career,  may  give  birth  to  many  thousands  of 
living  embryos.  During  this  period,  she  has  made  her  way  through 
the  mucous  membrane,  either  by  passing  down  the  interior  of  a  gland, 
or,  more  probably,  by  actively  boring  her  way  until  she  comes  to  lie  in  a 
lymphatic  space.  There  she  liberates  her  young  into  the  lymph -stream, 
by  which  they  then  enter  the  circulation  and  are  carried  to  all  parts  of 
the  body,  the  diameter  of  the  newly-born  larva  (6  ju)  being  somewhat 
less  than  that  of  a  red  blood -corpuscle,  and  its  length  90  to  100  fi.  The 
larvae  are  motile,  but,  in  reaching  the  striped  muscles,  in  which  they 
finally  aggregate,  active  migration  plays  a  minor  part.  In  the  main, 
they  appear  to  be  carried  passively  by  the  lymph-  and  blood-streams. 
They  may  be  found  in  all  the  voluntary  muscles,  but  are  seen  especially 
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in  those  of  the  abdomen  and  thorax,  diaphragm,  tongue  and  pharynx. 
They  are  said  not  to  infect  the  myocardium.  In  the  muscles,  Un- 
usually a  bed  towards  the  surface  and  ends,  perhaps  because  of  the 
relatively  slighter  degree  of  movement  in  these  parts.  Enormous  numbers 
of  larvae  thus  roach  the  muscle,  each  larva  entering  one  of  the  muscular 
fibres.  These  become  enlarged  and  lose  their  transverse  striation.  the 
nuclei  at  the  same  time  undergoing  prolif eration .  The  little  worm-like 
embryos  have,  by  this  time,  enlarged  somewhat,  and  traces  of  the  aliment- 
ary canal  appear.  They  now  enter  upon  a  quiescent  stage  and  become 
spirally  coiled  up  within  cyst-like  capsules,  formed  by  the  transformation 
of  the  damaged  muscular  fibre  and  surrounding  tissues,  possibly  aided 
by  the  presence  of  some  substance  secreted  by  the  larvae  themselves. 
This  process  of  encystment  in  the  muscles  may  be  completed  in  about 
eighteen  days  after  the  primary  intestinal  infection,  and  the  next  host 
is  infected  by  ingesting  the  flesh  of  the  animal  in  which  they  are  encysted. 
The  fully-formed  cyst  is  typically  lemon-shaped,  with  somewhat  pointed 
ends,  its  long  axis  lying  in  the  same  direction  as  that  of  the  muscle-fibres, 
which  are  pushed  aside  to  make  room  for  it.  The  wall  is  composed  of 
clear,  somewhat  refractile,  homogeneous-looking  material  and  shews  a 
double  contour.  Some  slight  proliferation  of  connective  tissue  may 
occur  around  the  cyst,  and  a  few  fat -cells  usually  develop  at  each  pole. 
After  several  months,  the  wall  of  the  cyst  begins  to  undergo  calcification, 
the  process  generally  commencing  at  the  poles  and  spreading  towards 
the  equator  of  the  cyst.  The  larva,  if  uncoiled,  measures  about  a  milli- 
metre in  length,  and,  in  its  encysted  condition,  may  remain  alive  and 
capable  of  further  development  for  many  years — over  thirty  in  some 
cases,  it  is  said,  in  man.  Sometimes,  however,  the  larvae  may  die  off 
and  become  calcified.  When  the  muscle  infected  with  living  Trichinella 
larva?  is  ingested  by  the  next  host,  the  calcified  cyst-wall  is  dissolved 
by  the  gastric  juice,  and  the  liberated  larva  develops  in  a  few  days  into 
the  adult  worm,  which  then  reaches  its  habitat  in  the  duodenum  and 
the  jejunum.  Copulation  may  occur  as  early  as  two  days  after  their 
ingestion-  The  males  then  die,  and  the  females  enlarge  and  bore  their 
way  into  the  mucous  membrane,  as  already  described. 

Pathological  Effects  in  Man. — During  the  period  of  invasion  of  the 
muscles  by  the  larvae,  there  may  be  severe  pain  and  myositis,  the  muscles 
becoming  swollen  and  hard,  and,  later,  there  is  usually  extensive  oedema 
of  the  body.  Severe  cases  somewhat  resemble,  and  have  been  mistaken 
for,  typhoid  fever,  being  characterised  by  nausea,  vomiting,  abdominal 
pains  and  diarrhoea,  high  temperature,  pain  on  using  the  muscles  of 
mastication,  speech,  respiration,  etc.,  and  intense  accompanying  dyspnoea. 
(onvalescence  may  supervene  about  the  fifth  or  sixth  week;  or  death 
may  occur  from  interference  with  the  action  of  the  respiratory  muscles, 
or  from  pneumonia  or  some  other  secondary  complication.  There  may 
be  a  moderate   leucocytosis,  of  which  the  eosinophils  may  constitute 


ANIMAL   PARASITES:   WORMS  427 

30  to  50  per  cent,  or  more.  The  degree  of  the  eosinophilia  varies  very 
considerably  in  different  cases,  and  is  generally  most  marked  during  the 
period  following  the  primary  intestinal  infection,  until  encapsulation  of 
the  larvae  in  the  muscle  is  complete. 

The  disease  occurs  usually  in  epidemics,  especially  in  countries  such 
as  Germany,  where  uncooked  or  partially  cooked  pork  is  eaten  in  con- 
siderable amount.  In  a  series  of  some  five  hundred  general  post-morlems 
in  America  (University  of  Buffalo  Pathological  Institute),  specially 
examined  for  the  presence  of  trichinosis,  5* 34  per  cent,  of  the  bodies  were 
found  to  be  infected,  half  of  the  positive  findings  being  in  mental  cases, 
in  which,  however,  the  trichinosis  was  stated  not  to  be  the  direct  cause 
of  death. 

FAMILY  6.— DRACUNCULID^E 

(The  males  are  very  small  as  compared  with  the  females.     Anus  absent.) 

DRACUNCULUS  MEDINENSIS  (Syn.  Filaria  dracunculus ;  F.  medin- 
ensis;  Guinea-worm;  Medina  worm;  Dragonneaa) . — This  parasite,  the 
cause  of  Dracontiasis,  is  found  in  Arabia,  Persia,  Egypt,  Tropical  Africa, 
both  along  the  East  and  the  West  Coast,  India,  and  in  many  other 
localities,  and  its  geographical  distribution  is  said  to  have  some  relation 
to  the  presence  of  rivers.  It  produces  subcutaneous  swellings,  followed, 
in  some  cases,  by  abscess,  especially  of  the  lower  limbs. 

The  female  is  usually  50  to  80  cm.  in  length,  and  0'5  to  1*7  mm.  in 
diameter.  Occasionally,  it  may  reach  a  length  of  as  much  as  a  metre 
and  a  half,  or  even  more.  It  is  white  or  yellowish- white  in  colour,  with 
faint  transverse  striation,  and  is  uniformly  cylindrical,  except  for  a  slight 
degree  of  tapering  towards  the  cephalic  end.  Below  the  level  of  the 
oesophagus,  the  alimentary  canal  is  atrophied,  and  the  anus  is  absent. 
The  greater  part  of  the  body-cavity  is  occupied  by  the  enormous  uterus, 
which  runs  almost  the  entire  length  of  the  worm,  and  is  crowded  with 
larvae,  the  female  being  viviparous. 

The  male  is  very  much  smaller,  and  has  only  recently  been  discovered . 
It  usually  measures  20  to  30  mm.,  or  a  little  more,  in  length,  and  has 
been  found  attached  to  the  female  some  14  mm.  from  the  anterior  extremity 
of  the  latter.  The  males  probably  die  off  soon  after  copulation,  which 
may  occur  especially  in  the  connective  tissue  of  the  mesentery  or 
neighbouring  parts,  where  the  adult  worms  tend  to  have  their  habitat. 

The  female,  when  it  reaches  sexual  maturity,  then  gradually  works 
its  way  through  the  tissues  of  the  host,  generally  in  a  downward  direction, 
till  it  reaches  the  surface,  usually  on  the  lower  limb,  in  the  neighbourhood 
of  the  ankle,  less  frequently  on  the  thighs  or  genitals,  occasionally  on  the 
arm,  and,  very  rarely,  on  the  head.  Its  head  pierces  through  the  true 
skin,  but  not  through  the  cuticle,  a  minute,  clear  blister  filled  with  fluid 
being  formed.  This  then  ruptures,  a  little  ulcer  being  produced,  in  the 
centre  of   which  is  a  small  pore   or   hole   through  which  the   female 
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periodically  discharges  her  larva?  in  enormous  numbers,  contained  in  drop- 
lets of  fluid,  at  first  clear,  later  milky-looking.  Sometimes,  a  considerable 
length  of  the  delicate  transparent  uterine  tube  "  prolapses  "  through  the 
opening,  during  parturition.  This  process  may  be  artificially  stimulated 
by  douching  the  skin  of  the  part  with  cold  water,  this  being  apparently 
the  natural  stimulus  required,  as  the  larva?,  after  their  discharge,  probablv 
pass  the  next  stage  of  their  existence  in  the  body  of  a  minute  fresh-water 
crustacean  (cope pod)  belonging  to  the  genus  Cyclops  (e.  g.  C.  bicuspidatus, 
C.  quadricornis,  C.  strcnmis,  C.  viridis,  and  perhaps  others).  The  larvae 
measure  about  0*6  mm.  in  length  by  17  or  18  ju  in  diameter,  their  anterior 
three-fifths  consisting  of  a  thicker  part — the   "  body  "—which  is  not 


Fig.  213. — Microfilaria  medinensis  or  larval  form  of  Dracunculus  or 
Filaria  medinensis,  shewing  coiled  up  "  body  "  and  tapering  "  tail."      x200. 

cylindrical,  but  distinctly  flattened,  shews  a  fine  cross-striation,  and 
contains  a  rudimentary  alimentary  canal ;  whilst  the  posterior  two-fifths 
forms  a  long,  slender,  finely-tapering  "  tail."  When  still  within  the 
uterus  of  the  parent  worm,  the  thicker  part  of  the  larva  is  coiled  up  like 
a  watch-spring,  the  posterior  thin  extremity  or  "  tail  "  being  held  straight. 
When  passed  into  water,  these  little  larva)  unroll  themselves  and  become 
actively  motile.  They  swim  about  until  they  gain  entrance  to  the  body 
of  the  Cyclops,  either  by  piercing  the  cuticle,  or  possibly,  in  some  cases, 
entering  by  the  mouth.  In  the  body-cavity  of  this  little  crustacean, 
the  larvae  undergo  moulting  on  two  occasions.  They  are  at  first  actively 
motile,  but,  after  three  weeks  or  a  month,  they  enter  upon  a  quiescent 
stage,  the  cuticle  and  the  tail  being  cast  off.  Whilst  in  this  condition, 
and  while  still  within  the  Cyclops,  they  may  be  ingested  in  drinking 
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water  by  man,  or  they  may  possibly  escape  from  the  body  of  the  Cyclops 
and  gain  entrance  to  the  human  body  by  the  mouth,  or,  as  has  been 
recently  suggested,  by  directly  boring  their  way  through  the  skin.  After 
monkeys  have  been  fed  on  the  infected  Cyclops,  the  adult  worm  may 
develop  in  them.  The  hydrochloric  acid  of  the  gastric  juice  kills  the 
Cyclops,  the  larvae  resume  their  motility,  and  it  is  supposed  that  they 
bore  their  way  through  the  wTall  of  the  alimentary  canal,  and  then  slowly 
migrate  through  the  tissues,  especially  to  the  retro-peritoneal  region, 
as  they  mature,  a  process  which  may  take  a  period  of  from  eight  or  nine 
up  to  fifteen  months  or  more. 

Pathological  Effects. — During  the  migration  of  the  maturing  worm 
through  the  tissues,  the  patient  may  be  quite  unaware  of  its  presence, 
though  there  may  be  attacks  of  general  or  localised  urticaria.  On  its 
appearance  at  the  surface,  however,  the  little  blister  and  ulcer  are  formed, 
and  may  cause  great  irritation,  especially  if  the  parent  worm  is  injured 
during  an  injudicious  attempt  at  extraction,  or  in  any  other  way.  Very 
serious  inflammatory  changes,  abscess-formation,  etc.,  may  supervene 
upon  the  liberation  from  the  injured  worm  of  larvae  into  the  tissues,  and 
amputation  may  be  rendered  necessary.  After  the  female  worm  has 
emptied  its  uterus  by  the  periodic  discharge  of  the  larvae,  a  proceeding 
which  usually  occupies  a  fortnight  or  more,  it  tends  to  leave  the  body 
of  its  host.  In  some  cases  it  may  succeed  in  doing  so  spontaneously, 
or  the  process  may  be  aided  by  gentle  traction.  If  the  parasite  during 
its  period  of  migration  fails  to  reach  the  surface  of  the  body,  it  may 
die  and  undergo  complete  calcification. 

FAMILY  7.— FILARIIDJE 

(These  are  long  thread-like  worms  possessing  a  complete  alimentary  canal. 
The  oesophagus  has  no  bulb-like  dilatation.  There  are  two  ovaries,  and  the 
female  is  generally  ovo-viviparous.  An  intermediate  host  is  often  required 
for  development.) 

SUB-FAMILY  :  FILARIINJE 

(Containing  the  majority  of  members  of  the  above  family.) 

"  FILARIA  SANGUINIS  HOMINIS."— Under  the  term  Filariasis  is 

included  a  group  of  diseases  which  in  man  are  caused  by  at  least  four 
distinct  species  belonging  to  the  genus  Filaria,  the  larvae  of  which  are 
parasitic  in  the  blood,  whilst  the  parent-worms  inhabit  the  tissues,  blood- 
vessels, or  lymphatics  of  the  same  host. 

Considerable  confusion  has  arisen  in  the  nomenclature  of  these  para- 
sites, the  adult  and  immature  forms  of  the  same  parasite  in  some  cases 
bearing  different  names.  In  order  to  simplify  the  confusion  in  some 
small  degree  we  propose  to  follow  the  example  of  Manson  and 
Shipley  *  in  adopting  the  suggestion  of  Le   Dantec  that  the   parent- 

1  Manson  and  Shipley,  Filaria  Sanguinis  Hominis  in  article  on  "  Parasitic  Worms," 
Allbutt  and  Rolleston's  System  of  Medicine,  1907,  vol.  ii.,  part  ii.,  p.  927. 
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worms  should  be  designated  Filaria  and  the  larval  form  Microfil 

the  name  of  the  adult  form  being,  of  course,  regarded  as  that  of  the 
species. 

The  following  list  of  the  FUaricB,  and  the  corresponding  haematozoon 
larval    Microfilaria  known   to   occur  in   man,   is   given    by  Mansorj 
Shipley.1 

Adult  Form.  Larval  Form. 

1.  Filaria  bancrofti 1.  Microfilaria  noctu rna. 

2.  Filaria  loa 2.  Microfilaria  diurna. 

3.  Filaria  perslans 3.  Microfilaria  perstai 

4.  Filaria  magalhacsi 4.  ?  ? 

5.  Filaria  demarquayi 5.  Microfilaria  demarquayi. 

6.  Filaria  volvulus 6.  ?  ? 

7.  ?  ?        7.  Microfilaria  powelli. 

As  will  be  seen  from  the  above  list,  the  adult  form  of  the  Microfilaria 
powelli,  and  the  larval  forms  of  the  F.  magalhaesi  and  F.  volvulus,  were 
unknown  when  the  list  was  compiled.  Mf.  volvulus  has  since  been 
discovered  in  the  blood  and  lymphatic  glands.  Systematic  classification 
of  the  members  of  the  Filariidae  family  is  still  difficult  and  more  or  less 
provisional.  As  the  names  given  in  the  foregoing  list  are  now  widely 
used,  we  shall  for  the  present  retain  them  in  the  descriptions  given  below. 
Other  terms  have,  however,  been  recently  adopted  by  systematic  authors 
for  some  of  them,  and  we  therefore  give  the  following  table  adapted  from 
Animal  Parasites  of  Man,  omitting  the  doubtful  and  less  important 
members,  and  adding  [in  square  brackets]  the  synonyms — where  these 
differ — which  we  shall  here  still  employ.     See  table  on  next  page. 

The  most  important  of  these  parasites  are — 

FILARIA  BANCROFTI,  and  its  larval  form  MICROFILARIA 
NOCTURNA  (Microfilaria  bancrofti  or  Filaria  sanguinis  hominis  nocturna). 
The  adult  worm  inhabits  the  lymphatic  system,  and  may  be  found  in 
lymphatic  vessels — especially  about  the  pelvis  and  groins — in  the  thoracic 
duct,  or  in  glandular  swellings.  The  lymphatic  glands  most  frequently 
affected  are  the  inguinal,  femoral,  iliac,  lumbar  and  mesenteric,  bronchial, 
etc.  The  adult  worms  are  occasionally  also  found  in  the  testis,  epididymis, 
spermatic  cord,  tunica  vaginalis,  breast,  and  in  abscesses  elsewhere.  The 
female  is  a  thin,  filiform  worim  whitish  or  brownish-white  in  colour,  which 
may  measure  50  to  65  mm.  or  more  in  length  by  1*5  to  2  mm.  in  diam- 
It  is  uniformly  cylindrical,  with  no  very  distinctive  characters.  Both 
extremities  are  more  or  less  blunt  and  rounded,  the  head  somewhat 
resembling  the  end  of  a  bougie,  i.  e.  slightly  bulbous  with  a  narrower 
neck,  and  having  two  rows  of  minute  papillae  upon  it.  The  tail  of  the 
female  is  curved  or  hooked,  whilst,  in  the  male,  it  resembles  a  corkscrew 
or  the  tendril  of  a  vine.     The  male  may  be  distinguished   by  its  spirally 

1  In  this  list  the  term  "  Microfilaria  "  has  been  substituted  for  Filaria  in  the 
case  of  the  larval  forms. 
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(Found  in  sores  on  ankle  of  a 
\     negress,  Georgia,  U.S.A. 
/Sexless   nematodes    found    in 
\     lens  of  human  eye. 
From  pustule  on  lip. 
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twisted  tail,  equipped  with  two  unequal  spicules,  and  its  smaller  size — 
about  25  to  30  mm.  in  length  by  0']  mm.  in  diameter. 

The  male  and  female  are  usually  found  coiled  up  in  a  mass  together. 
They  are  generally  few  in  number,  but  as  many  as  eighteen  have  been 
found  in  one  swelling.     The  two  long  uterine  tubes  of  the  female,  which 
is   ovo-vivi parous,   are   crowded    with   ova   and   larvae   in  all  stages  of 
development.     The  ova  containing  these  coiled-up  larvae  (or  embi 

Mire  40  to  50  u  in  length  and  about  25  to  35  ft  (i.e.  some  three, 
four,  or  five  times  the  diameter  of  a   red  blood-corpuscle)  in   breadth. 
In  the  later  stages  of  development,  the  larvae  cause  the  shell  or  vitelline 
membrane   to  elongate   so  as  to  form   a  delicate   sheath   or  investing 
-__________________^__         membrane   round    them.     This   they 

A    '  %  '•  J     retain  after  birth.     Under  exceptional 

U%J  ^M     circumstances,  the  female  may  give 

\  **.?^m^  ^^ft%  •%>      birth   to    ova   instead    of    elongated 

k      ^       **^  Nf*    #Bb  %    ^1      larvae,   a   point   of    considerable   im- 

r  ^m   J^      portance,  as  the   greater   breadth  of 

K      g  :***       these    may   cause    blocking    of    the 

^fr        ^^^        •  lymphatics ;  whereas  the  larvae,  which 

^^^  |      are  about  0*2  to  0*3  mm.  long,  possess 

a  breadth  of  only  about  8  jli — i.  e.  are 

seldom  very  much  broader  than  the 

diameter   of    a    red    blood-corpuscle, 

and  may  therefore  easily  pass  through 

lymphatics  and  capillaries. 

When    examined    alive    in    fresh 
blood,  the  larva  is  seen  to  be  a  little 


£?V 


Fig.  214. — Microfilaria  nocturna  (tho 
larval  form  of  Filariu  bancrofti)  in 
tho  blood.  Tho  larva  is  enclosed  in 
the  chorional  sheath,  which  is  seen 
projecting  at  the  ends  of  the  worm. 
900. 


eel-  or  snake-like  worm,  which  is 
transparent  and  colourless,  with  a 
rounded  anterior,  and  a  finely-tapering 
posterior,  extremity.  It  is  enclosed 
within  the  clear,  colourless,  trans- 
parent sheath,  the  origin  of  which  has  been  explained  above.  This 
chorional  sheath  is  usually  about  one-tlurd  longer  than  the  larva, 
which  may  be  seen  wriggling  actively,  and  also  elongating  and 
retracting  itself  within  it.  By  these  movements  it  stirs  up  the 
corpuscles  around  it,  but  it  does  not  appear  to  travel  with  any 
rapidity  from  one  place  to  another.  The  larvae  are  covered  by  a  cuticle 
and  sub-cuticular  dermo-muscular  layer,  the  former  of  which  shews 
line  transverse  st nation.  Beneath  this  lie  numerous  closely-packed 
cells,  the  nuclei  of  which  shew  up  well  in  stained  specimens.  At  various 
points,  clear  spots  or  areas  may  be  seen  in  the  granular  central  mass, 
which  are  variously  interpreted  by  different  writers.  These  include  the 
site  of  the  nerve-ring  about  a  fifth  of  the  total  length  from  the  head  : 
excretory  pore,  about  a  third  from  the  head  :    and  genital  or  anal  pore, 
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more  towards  the  tail,  near  and  in  front  of  which  lie  the  four  genital 
cells  (G.l,  G.2,  etc.),  which  are  of  some  importance  in  identifying  and 
distinguishing  the  different  species  of  Microfilaria.  At  the  thicker 
anterior  end  of  the  larva,  there  is  a  delicate,  six-lipped,  prepuce-like 
retiactile  structure,  which  may  be  seen  alternately  covering  and  uncover- 
ing the  head,  from  which  an  extremely  fine,  sharply-pointed  spine  or 
fang  may  be  observed  protruding  at  intervals.  The  use  of  this  cephalic 
boring  apparatus,  whilst  the  embryo  is  present  in  human  blood,  is  said 
to  be  prevented  by  the  presence  of  the  chorional  sheath.  Slightly  behind 
the  anterior  end  of  the  larva  is  situated  the  so-called  V-shaped  spot, 
possibly  excretory  in  its  functions.  The  posterior  extremity  is  finely 
tapering  and  sharp. 

Periodicity  and  Location  of  the  Larvae. — From  the  body  of  the  mother- 
worm  the  larvse  pass  directly  into  the  lymph-stream,  and  are  carried  by 
it  into  the  blood.  They  are  not  distributed  uniformly,  but  specially 
aggregate  in  the  capillaries  of  the  internal  organs,  more  particularly  those 
of  the  lungs.  They  are  found  in  the  peripheral  circulation  only  at  night, 
or  rather  during  the  hours  of  sleep,  as  they  may  be  found  during  the  day 
if  the  patient  sleeps  during  that  period.  In  ordinary  circumstances,  the 
Microfilarice  begin  to  appear  in  the  peripheral  blood  about  five  or  six 
in  the  evening,  and  increase  in  numbers  until  midnight.  They  then 
gradually  diminish,  and,  by  seven  or  eight  in  the  morning,  have  usually 
almost,  but  not  absolutely,  disappeared.  During  the  day,  they  appear 
to  lodge  in  the  viscera,  more  especially  in  the  lungs  and  larger  blood- 
vessels, and  to  a  lesser  extent,  in  the  capillaries  of  kidney,  fiver,  spleen, 
and  brain.1  In  a  considerable  proportion,  over  60  per  cent.,  it  is  said, 
of  persons  suffering  from  adiilt  filarial  infections,  larvae  may  not  be  found 
in  the  blood,  either  because  the  female  ceases  to  produce  them,  or  possibly 
because  no  male  worm  is  present  to  fertilise  her,  because  of  her  death, 
or  for  some  other,  as  yet  unexplained,  reason. 

This  periodic  process  may  go  on  indefinitely  in  man,  sometimes  for 
many  years,  the  Microfilariae  never  becoming  mature  worms,  a  process 
which  can  only  occur  on  transference  to  a  suitable  intermediate  host, 

1  Rodenwaldt  gives  the  following  numbers  of  Microfilaria  immitis  in  1  c.c.  of 


>sue  ot  infected  dogs 
Lungs 

.      134,821 

Kidneys  . 

15,253 

\  Glomeruli 

8,008 

\  Parenchyma 

7,245 

Liver 

4,884 

Brain 

3,833 

Blood       . 

3,000 

Spleen 

1,666 

Glands     . 

0 

Marrow    . 

0 

This  observer  noted  that  they  were  found    especially  in  the   capillaries  of    the 
organs,  but,  in  the  case  of  the  lungs,  they  appeared  to  be  equally  distributed  in  the 
capillaries,  arteries  and  veins. 
28 
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in  this  case  especially  the  Ctdex  I  Mosquito.    The  length  of  time 

for  which  the  M icrojUorUB C8J1  survive  in  the  blood  of  man  is  not  known. 
Metamorphosis  in  the  Mosquito. — The  further  development  of  these 
larvao  occurs  in  the  females  of  certain  genera  and  Bpecies  of  Mosquito,1 
more  especially,  but  not  by  any  means  exclusively,  those  belonging 
the  genu  This  mosquito,  on  biting  an  Infected  person  while  tie- 

larva*  aiv  in  the  peripheral  circulation,  may  ingest  some  of  these 
along  with  the  blood  it  draws.  In  virtue  of  the  viscid  character  which 
the  blood  assumes  in  the  stomach  of  the  mosquito,  the  sheath  is, 
were,  held  or  fixed,  and  the  Microfilaria,  by  means  of  the  finely-pointed 
spine  at  its  anterior  end,  ruptures  the  sheath  and  escapes  one  or  two 
hours  alter  ingestion  by  the  insect.  The  free,  actively-motile  larva  can 
now  travel  from  one  locality  to  another.  By  means  of  its  cephalic  boring 
apparatus — which,  because  of  the  presence  of  the  sheath,  was  prevented 
from  functioning  while  the  parasite  was  still  in  the  human  blood — it 
penetrates  through  the  stomach-wall  and  bores  its  way  to,  and  lodges  in, 
the  large  thoracic  or  wing-muscles  of  the  mosquito.  In  this  position, 
which  it  reaches  within  a  few  hours — usually  about  twenty-four — after 
ingestion,  it  becomes  quiescent,  and  undergoes  a  process  of  maturation 
and  metamorphosis  which  occupies  from  one  to  three  weeks.  During 
this  period,  it  becomes  shorter  and  thicker  (110  jii  by  13  jli),  forming  a 
sort  of  pupa-  or  cocoon-like  body,  sausage -shaped,  with  a  short  spike- 
like tail.  It  then  develops  a  mouth  surrounded  by  four  lip-like 
structures,  and  also  an  alimentary  canal,  and  either  three  or  four 
papillae  on  the  tail.  It  undergoes  a  process  of  moulting,  and  increases 
enormously  in  size  and  activity,  attaining  a  length  of  about  1*5  mm. 
and  a  breadth  of  0*25  mm.  It  then  leaves  the  thoracic  muscles,  bores 
its  way  forward  through  the  prothorax  and  neck,  passes  into  the  head 
of  the  insect,  and  comes  to  lie  near  the  base  of  the  proboscis — not  in 
the  salivary  gland  or  duct,  as  in  the  case  of  the  malaria-parasite. 
Later,  it  passes  into  the  proboscis,  where  it  lies  free  among  the 
stilettes,  waiting  until  the  mosquito  bites  a  suitable  host.  The  parasites 
have  been  observed  to  pass  out  in  pairs — probably  male  and  female 
together.  Man,  the  final  host,  is  thus  re-inoculated  when  bitten  by  an 
infected  mosquito,  and  the  male  and  female  wrorms  pass  into  the  lymphatics, 
where  they  become  mature — the  full  process  of  development,  at  this  stage, 
being  still  unknown— and  in  turn  give  rise  to  furtln  r  generations  of  larval 

1  Manson  and  Shipley  say  that   "  Cvlex  fatigans,   Anopheles   row 
costalis,  Panoplites  africanus,  yia  fascieUa,  arc  all  said  to  be  efficient  inter- 

mediaries," loc.  cit.,  p.  938.    Fantham,  Stephens  and  Theobald,  loc  <•//..  p. 
give  the  following  list  of  mosquitoes  in  which  development  takes  place: — 

Anophelines  :     Myzomyia    rossii,  Pyrdopkonu    costalis,  Myzorhyncus 
M.  barbirostriSf  M.  peditamiatus. 

Culicines  :    Cvlex  pipiens,  C  fatigans,  G.  skusei,  <'.  gelidus,  C.  eitiens,  C.  alio- 
pictus,  Stegomyia /  s.  pseudodcutel  nicilis,  S.  perj;-  co,  Mai  »  i 

uniform  is,   M.  a/inn  'nnnjia  albolimntn,   Tti  ninrJnjnchus  domesticus. 

Partial  development  takes  place  in  other  species. 
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embryos.     Female  worms  are  usually  much  more  numerous  than  males, 
the  latter  being,  as  a  rule,  difficult  to  find. 

Filariasis  due  to  F.  bancrofti  occurs  in  practically  all  tropical  countries, 
e.g.  India,  China,  Indo-China,  Japan,  Australia,  Polynesia,  Egypt, 
Algeria,  Tunis,  Zanzibar,  Madagascar,  the  Sudan,  the  Southern  States 
of  America,  South  America,  and  elsewhere. 

Pathological  Effects  of  Filarial  Infection. — These  may  be  extremely 
varied,  and,  for  a  full  description  of  them,  reference  should  be  made  to 
textbooks  on  Tropical  Medicine.     They  may  be  epitomised  as  follows  : — 

Large  numbers  of  persons  may  be  infected  by  both  parent  and  larval 
worms  with  little  or  no  evident  pathological  results.  If  the  blood  be 
examined  in  such  cases,  there  is  usually  found  to  be  present  in  it  a 
varying  degree  of  eosinophilia,  which  may  shew  cyclical  variations  corre- 
sponding to  the  periodicity  of  the  Microfilaria  in  the  peripheral  circula- 
tion. The  healthy,  fully-formed  larva  appears  to  be  practically  harmless  ; 
and,  in  the  same  way,  the  healthy  parent  worms  may  give  rise  to  little 
trouble.  In  other  cases,  however,  the  parent  worms,  which  he  coiled  up 
in  the  lymphatic  trunks  or  in  the  thoracic  duct,  may  cause  mechanical 
obstruction  of  these.  They  are  probably  more  liable  to  do  so  if  they 
themselves  are  diseased,  and  they  may  then  produce  very  serious  results. 
Thus,  around  the  diseased,  or  perhaps  dying,  or  dead,  worms,  great  inflam- 
matory thickening  of  the  lymphatic  trunks  in  which  they  lie,  and  also 
of  the  surrounding  tissues,  may  occur.  This  may  bring  about  narrowing 
or  thrombosis  of  the  lymphatic  vessels,  leading  to  varicosity  of  the  distal 
vessels,  or  to  lymphatic  oedema  in  the  corresponding  drain  age -are  a,  or, 
it  may  be,  to  a  combination  of  both  these  conditions.  Occasionally, 
abscess-formation  may  occur  around  the  diseased  or  dead  worms.  Such 
abscesses  may  be  found,  not  only  in  or  around  the  usual  habitats  of  the 
parasite,  but  also  in  various  muscles,  and  often  contain  fragments  of 
dead  Filarice. 

Because  of  this  blockage  of  the  larger  lymphatic  channels  and 
thoracic  duct,  the  lymph  and  chyle  cannot  pass  into  the  blood  by  the 
usual  route,  and  a  compensatory  collateral  circulation  is  slowly  estab- 
lished. A  backward  flow  occurs  through  the  lymphatic  vessels  of  the 
pelvis,  perineum,  groins,  and  external  genitals,  by  which  the  chyle  from 
the  intestines  and  the  lymph  from  the  lower  half  of  the  body  is  passed 
on  through  the  lymphatics  of  the  anterior  abdominal  wall  and  back. 
It  can  then  be  carried  by  the  larger  afferent  channels  which  reach  the 
thoracic  duct  above  the  level  of  the  obstruction.  From  the  increase  of 
pressure  in  these  various  groups  of  lymphatics,  great  varicosity  may  be 
produced  in  them.  In  this  way,  may  arise  the  so-called  elephantoid 
conditions,  a  group  of  diseases  of  which  the  following  are  the  most 
important  : — 

i.  Lymphatic  varices,  e.g.  of  the  thoracic  duct,  pelvic  and  other 
lymphatics.     These  may  also  occur  in  lymphatic  glands,  which 
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may  become  much  distended  with  chylous  lymph.  Clinically, 
this  condition  may  shew  as  varicosity  of  the  inguinal  glands, 
but,  on  post  :amination3  these  are  found  to  h 

the  superficial,  and  therefore  visible,  representativi  auch 

lamer  scries  of  enlarged  -lands,  those  of  the  pelvis  I  lally 

most  affected. 
ii.  Lymphatic  ulcers  are  produced  by  inflammation  or  injury  of  super- 
ficial lymphatic  varices,  and  may  be  characterised  by  extei 

lymphorrhcea. 
iii.  Lymph-Scrotum,  or  enlargement  of  the  scrotum  from  the  disten- 
sion of  its  lymphatics,  is  also  brought  about  by  the  establishment 
of  this  collateral  anastomosis,  and  may  be  accompanied  by  such 
complications  as  orchitis  with  enlargement  of  the  testis,  chylocele, 
etc.  In  the  same  way,  the  labia,  etc.,  may  become  affected  in 
the  female. 
iv.  By  the  rupture  of  some  of  the  distended  lymphatic  channels, 
escape  of  the  regurgitating  chyle  and  lymph  may  occur  in 
different  localities  : — 

Chyluria  and  Lymphuria — from  the  rupture  of  renal,  vesical, 
or  other  lymphatics,  allowing  escape  into  the  urine.  The  milky 
urine  is  sometimes  also  blood -tinted. 

Chylous  Diarrhoea — an  analogous  condition  in  the  intestine. 

Chylocele — the  escape  of  chylous  fluid  into  the  cavity  of  the 
tunica  vaginalis  testis.  Adult  Filarice,  sometimes  calcified, 
may  be  found  in  the  thickened  wall  of  the  sac,  and  Microfilaria 
occasionally  in  the  fluid  contents. 

Chylous  Ascites — its  escape  into  the  peritoneal  cavity. 
v.  If — as  for  some  unknown  reason  appears  in  some  instances  to  be 
the  case — the  adult  female  worm  gives  rise  to  ova  in  place  of 
larvae  (i.  e.  if  a  species  of  "  abortion  "  takes  place),  extensive 
blocking  of  the  smaller  lymphatic  channels  may  be  produced, 
as  the  ova  are  some  four  or  five  times — whilst  the  breadth  of 
the  fully-elongated  larva  is  only  equal  to— the  diameter  of  a 
red  blood-corpuscle.  The  ova,  therefore,  if  thus  discharged  in 
great  numbers,  are  of  such  a  size  as  readily  to  block  the  smaller 
lymphatic  channels,  and  hence  may  cause  a  wide-spread 
lymphatic  oedema.  Thus  we  have  a  probable  explanation,  in 
part  at  all  events,  of  the  causation  of  Elephantiasis  Arabum, 
a  disease  in  which  there  is  enormous  thickening  and  induration 
of  certain  parts  of  the  body;  and  we  also  have  the  explanation 
of  the  fact  that  the  elongated  or  normal  hssmatozodn  form  of 
the  Microfilaria  is  often  not  found  in  the  circulating  blood  of 
patients  with  this  disease.  The  mere  passive  mechanical  block- 
ing of  lymphatics  is,  however,  not  alone  sufficient  to  bring  about 
the  condition  of  elephantiasis.     There  is  always,  in  such  cases, 
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a  history  of  recurrent  attacks  of  lymphangitis  in  the  affected 
area,  irritation  and  inflammatory  changes  being  also  apparently 
necessary  to  its  causation.  Whether  these  recurrent  attacks 
of  lymphangitis  are  due  to  special  toxic  substances  secreted  by 
the  parasite,  or  are  produced  by  some  secondary  infection, 
e.  g.  with  bacteria,  has  not  yet  been  decided.  Whatever  be  their 
cause,  the  products  of  the  inflammatory  process  cannot,  because 
of  the  obstruction  of  lymphatics,  be  properly  absorbed.  The 
inflammation  is  very  liable  to  recur;  and  these  various  pro- 
cesses all  tend  towards  the  production  of  a  gradually  progressive 
swelling  and  induration  of  the  tissues,  which,  in  some  situations, 
may  become  enormous  in  amount.  For  the  production,  therefore, 
of  Elephantiasis  Arabum  there  are  required  : — 

1.  The  presence  of  the  adult  female  Filaria,  which,  from 
injury  or  disease,  gives  rise,  not  to  larva?,  but  to — 

2.  Ova,  widen  block  the  small  lymphatics  and  glands,  pro- 
ducing lymph-stasis.    To  this  must  then  be  added — 

3.  Recurrent  attacks  of  Lymphangitis  in  the  affected  area. 
Sites  of  Elephantiasis. — In  some  90  or  95  per  cent,  of  the  cases,  it  is 

the  lower  limbs,  either  one  or  both,  that  are  affected.  The  scrotum, 
together  usually  with  the  penis,  is  also  frequently  attacked,  and  may 
reach  enormous  dimensions,  e.  g.  10,  20,  40,  or  50  pounds,  and,  in  some 
cases,  very  much  more.  Elephantiasis  of  the  upper  limbs  is  comparatively 
rare,  and  of  the  vulva  and  mammae  is  still  rarer.  Occasionally,  limited 
areas  of  skin  may  be  involved,  e.g.  of  the  groin,  thigh,  neck,  etc. 

FILARIA  LOA  (Syn.  Loa  loa ;  F.  oculi ;  F.  subconjunctivalis ; 
Bracunulus  oculi;  D.  loa).  Larva— MICROFILARIA  DIURNA  (Syn. 
Microfilaria  loa;  F.  sanguinis  hominis,  var.  major;  F.  diurna). — The 
male  of  F.  loa  measures  from  25  to  35  mm.  in  length  and  0*3  to  0'4  mm. 
in  diameter.  The  female  may  be  from  about  45  to  63  mm.  long,  and 
about  0*5  broad.  Both  sexes  are  covered  with  small,  irregularly  dis- 
tributed, chitinous  protuberances,  and  the  cuticle  does  not  shew  striation. 
The  cephalic  end  is  blunt,  and  the  tail  is  tapering,  that  of  the  male  being 
incurvated.  The  ova,  when  the  contained  larvae  are  developed,  are  about 
50  by  25  ju  in  diameter;  whilst  the  uncoiled  larva?  measure  about  0*25 
or  0*26  mm.  in  length,  and  about  5  jn  in  diameter.  The  habitat  is  not 
only  the  eyelids,  the  anterior  chamber  of  the  eye  and  the  connective 
tissue  of  the  conjunctiva  and  other  parts  of  the  orbit,  but  also  the 
superficial  connective  tissue  and  subcutaneous  fat,  and  under  the  muscular 
aponeuroses  on  the  extensor  surfaces  of  the  upper  and  lower  limbs,  fii 
trunk,  under  the  tongue,  pericardium,  penis,  and  possibly  lymphatic 
vessels,  e.g  of  the  spermatic  cord.  The  infection  is  frequently  multiple, 
as  many  as  thirty  worms  having  been  found  in  a  single  case.  The  para- 
site wanders  about  in  the  tissues,  sometimes  with  considerable  rapidity, 
as  may  be  seen  when  they  are  present  under  the  skin  where  it  is  thin, 
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e.g.  in  the  eyelid,  etc.  They  give  rise  to  transient  and  shifting  cedema 
and  redness,  constituting  the  so-called  Calabar  swellings.  Eosinophiha, 
e.g.  of  50  per  cent,  or  more,  is  usually  present.  The  worm  is  apparently 
very  long-lived,  and  has  been  known  to  persist  for  fifteen  years  or  more. 

Microfilaria  diurna  is  believed  by  Manson  to  be  the  larval  form  of 
F.  loa.  As  its  name  implies,  it  is  found  in  the  peripheral  circulation 
during  the  day.  It  possesses  a  sheath  derived  from  the  stretched  vitelline 
shell,  and  in  general  characters  closely  resembles  Microfilaria  nocturna. 
F.  loa  is  found  on  the  West  Coast  of  Africa,  especially  the  Congo, 
and  its  life -history  has  not  yet  been  fully  worked  out,  but  Lei  per  has 
recently  shewn  that  the  development  of  the  larva  occurs  in  the  salivary 
glands  of  Chrysops,  a  mango-fly. 

FILARIA  PERSIANS  (Syn.  Acanthocheilonema  perstans).  Larva — 
MICROFILARIA  PERSTANS  (Syn.  F.  sanguinis  hominis,  var.  minor ;  F. 
ozzardi,  truncated  variety). — The  female  measures  70  or  80  mm.  in  length, 
and  about  0'12  mm.  in  breadth,  these  measurements  being  about  twice 
those  of  the  male,  the  tail  of  wrhich  is  markedly  curved.  The  cuticle 
shews  longitudinal  striation.  The  larva  does  not  possess  a  sheath,  and 
its  posterior  extremity  is  blunt,  not  tapering  as  in  Microfilaria  nocturna 
and  diurna.  It  is  freely  motile,  and  there  appears  to  be  no  regular 
periodicity  in  its  movements. 

This  parasite  is  found  in  Central  and  other  parts  of  Africa,  South 
America,  especially  amongst  the  Indians  in  the  interior  of  British  Guiana, 
and  elsewhere.     Its  complete  life-cycle  is  not  yet  known. 

FILARIA  MAGALHAESI  (Syn.  Dirofilaria  magalhdesi)  is  an  extremely 
rare  member  of  this  family,  which  was  at  first  mistaken  for  F.  bancrqfti, 
the  sole  recorded  case  having  occurred  in  Rio  de  Janeiro,  in  wrhich  it  was 
found  in  the  left  ventricle  of  the  heart  of  a  child.  The  larval  form  is 
unknown.  Other  Dirofilarice,  e.  g.  D.  immitis  of  the  dog,  common  in 
China,  Japan  and  elsewhere,  are  described. 

FILARIA  DEMARQUAYI  is  also  rather  uncommon.  The  female  has 
been  found  in  the  connective  tissue  of  the  mesentery.  The  male  has 
not  yet  been  discovered.  The  larva  is  actively  motile,  does  not  possess 
a  sheath,  is  sharp-tailed,  and  measures  0*2  mm.  in  length  by  5  jli  in  breadth. 
It  has  been  found  in  the  West  Indies  and  elsewhere,  and  is  probably 
identical  with  F.  ozzardi. 


PHYLUM  :   ANNULATA  :— 

CLASS  :  HIRUDINEA  OR  DISCOPHORA  (LEECHES) 

These  are  only  occasional  or  accidental  parasites  of  man,  who  may  be 
attacked  while  bathing,  or  working  in  water  or  wet  grass,  etc.,  containing 
them,  or  by  drinking  such  water.  They  may  attach  themselves  to  the  mucous 
nh-mbrane  of  the  pharynx,  larynx,  trachea,  oesophagus,  nose,  etc.  In  rare 
instances,  leeches  have  obtained  entrance  to  these  parts  when  applied  medicin- 
ally.   In  some  moist  tropical  regions,  a  species  of  Hamadipsa  (Looss)  may  drop 
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from  bushes  or  trees  in  considerable  numbers  on  to  its  victims,  including  man, 
and  suck  their  blood.  Leeches  are  possible  carriers  of  disease,  as  they  act 
as  hosts  of  Trypanosomes  and  other  parasites. 

PHYLUM  :  ARTHROPODA   [JOIN TED-LIMBED  ANIMALS) 

A.   ARACHNOIDEA   {SPIDERS,   MITES,   ETC.) 

Of  the  numerous  orders  belonging  to  this  class,  only  two  require 
mention  here,  viz.  the  Acarina  (Ticks  and  Mites)  and  the  Linguatulidae. 
Certain  members  of  the  former  are  of  importance,  not  only  as  parasites, 
but  as  carriers  of  disease.  They  are  also  of  very  great  economic  import- 
ance, as  they  attack  domestic  animals,  crops,  provisions  and  stores. 

ORDER:   ACARINA   {MITES  AND  TICKS) 
I.— MITES 

LEPTUS  AUTUMNALIS. — This  name  is  applied  to  the  larvae  of  several 
species  of  mites  belonging  to  the  Genus  Trombidium,  which  are  specially 
plentiful  in  the  late  summer  and  autumn,  and  are  variously  known  as 
"harvest-,"  "autumn-,"  or  "grass-mites,"  "gooseberry-bugs,"  etc. 
These  larva?  are  minute  reddish  bodies  about  0*23  mm.  in  length.  They 
possess  a  long  hypopharynx — the  so-called  "  suctorial  proboscis  " — 
which  they  insert  into  the  skin  in  order  to  suck  the  blood  of  their  host. 
They  give  rise  to  great  irritation,  with  the  production  of  wheals,  and  are 
parasitic,  not  only  on  man,  but  on  many  other  mammals.  In  Japan, 
a  serious  disease  known  as  kedani,  akamushi,  river-  or  flood-fever,  is 
probably  due  to  an  infection  following  upon  the  bites  of  a  Leptus-]ike 
mite. 

FAMILY:  SARCOPTID^   {Itch-Mites) 

(Small  mites  without  eyes  or  tracheae,  living  on  or  under  the  skin  of  mam- 
mals and  birds,  and  producing  various  skin-affections,  such  as  "  itch,"  "  scab," 
"  mange,"  etc.  The  male  usually  shews  three  developmental  stages  : — 
hexapod  larva  :  nymph,  which  develops  a  fourth  pair  of  legs,  but  is  still  without 
sex-organs :  and  adult,  with  fully -developed  sex-organs.  The  female  passes 
through  four  stages,  the  first  three  being  analogous  to  those  of  the  male,  the 
female  nymph  being  of  larger  size.  A  fourth  stage  is  entered  on  after  fertilis- 
ation by  the  male,  which  then  dies.  The  female  moults  and  becomes  the 
ovigerous  or  egg-producing  female.) 

SARCOPTES  SCABIEI— (Syn.  Acarus  scabiei)—ov  Itch-mite.— The 
male  measures  0*2  to  0*3  mm.  and  the  female  0*33  to  0*45  mm.  in  length. 
They  are  more  or  less  spheroidal  in  shape  and  pale  in  colour,  the  back 
and  legs  being  covered  with  chitinous  bristles.  The  larvae  possess  only 
three  pairs  of  legs,  but,  in  the  next  stage  of  development — the  nymph — 
another  pair  appears.  These  then  develop  into  the  adult  sexual  forms. 
The  male  lives  upon  the  surface  of  the  skin,  and  dies  off  after  copulation ; 
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but  the  impregnated  female,  after  casting  her  cuticle,  undergoes  certain 
modifications  in  structure,  and  then  proceeds  to  burrow  in  the  epidermis, 
laying  her  eggs,  usually  about  the  rate  of  two  per  day,  until  some  fifty 
ova  in  all  are  deposited  at  intervals  in  the  tunnel.  The  ova,  which  are 
oval,  with  a  long  diameter  of  0'14  mm.,  hatch  in  a  few  days,  giving  rise 
to  the  six-legged  larvae.  Maturity  is  reached  in  about  a  fortnight,  during 
which  period  they  moult  three  times  and  undergo  metamorphosis  to 
nymph,  pubescent  adult,  and  adult.  The  females  are  found  at  one  end  of 
the  burrows.  The  latter  are  usually  from  a  few  millimetres  to  about  one 
centimetre  in  length,  and  may  be  seen  as  minute  curved  or  wavy  dark 
lines  in  the  skin,  most  commonly  between  the  fingers,  along  the  ulnar 
border  and  palm  of  the  hands,  and  over  the  wrists,  elbows  and  knees, 

Male.  Female. 


# 


Ovum.  Larva. 

Fig.  215. — Sarcoptes  scabiei  or  Itch-mite,      x  80. 

axillae,  breasts,  genitals,  etc.  Minute  vesicles  usually  form  at  the  points 
of  entrance,  and  sometimes  also  at  the  positions  occupied  by  the  females. 
Suppuration  may  occur  in  these  vesicles,  the  surrounding  skin  beconung 
red  and  inflamed,  from  the  presence  both  of  the  mites  and  of  secondary 
bacterial  infection  due  to  scratching,  etc.  Impetigo-like  crusts  may  also 
be  formed  over  the  affected  part.  Norwegian  Itch  (Scabies  Norvegica)  is 
characterised  especially  by  the  formation  of  such  crusts,  and  is  due  to  a 
possibly  distinct  species,  Sarcoptes  scabiei-crustosce. 

Numerous  forms  of  itch-mite  are  found  in  other  mammals  besides 
man. 

Various  other  mites  have  been  described  as  occasional  internal  parasites 
in  man,  but  most  of  the  cases  are  not  very  well  authenticated.  Fantham, 
Stephens  and  Theobald,1  after  stating  that  certain  mites  live  endoparasitically 

1  Loc.  cit.,  p.  491. 
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in  fowls,  seals,  etc.,  say  that :  "  it  is  therefore  not  improbable  that  endo- 
parasitic  mites  are  found  in  man;  but  no  definite  discovery  has  yet  been 
made."  The  following  preliminary  note  is  therefore  of  some  importance. 
One  of  the  authors  has  investigated  two  such  cases,1  in  which  large 
numbers  of  mites  in  all  stages  of  their  development,  from  ova  to  adult, 
were  passed  in  the  urine.  One  case  was  that  of  a  young  adult  female 
with  urinary  symptoms  which  lasted  many  years  and  were  supposed  to  be 
due  to  chronic  Bright's  disease.  On  cystoscopic  examination,  the  mites, 
Aleurobius  (or  Tyroglyphus)  farince,  were  found  to  inhabit  especially  the, 
trigone  of  the  bladder.  In  the  second  case,  a  middle-aged  male,  suffering 
from  a  peculiar  form  of  anaemia  and  enlargement  of  lymphatic  glands,  mites, 
belonging  to  the  family  Tarsonemidce,  were  found  in  the  urine  obtained  both 
from  the  bladder,  and  from  the  pelves  of  the  kidney  on  ureteral  catheterisation. 
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Fig.  21fi. — Aleurobius   {Tyroglyphus)  Fig.   217. — Tarsonemus   (species   as 

farina.     Adult  male  from  human  vet  undetermined).     Adult  female 

bladder.      X 100.  from    pelvis    of    human    kidney. 

Structure  is  somewhat  obscured  by 
the  oxalate  crystals,  etc.     X200. 

In  this  case,  the  mucous  membrane  of  the  bladder,  on  cystoscopic  examination, 
did  not  shew  any  obvious  changes. 

DEMODEX  FOLLICULORUM—  This  is  a  small,  degenerate  form  of  mite, 
belonging  to  the  family  Demodicidce,  several  varieties  of  which  are  parasitic 
in  man,  in  the  hair-follicles,  and  in  the  Meibomian  and  sebaceous  glands.  It 
is  of  comparatively  little  pathological  importance.  Similar  parasites  occur 
in  the  dog. 

ORDER:    PENTASTOMIDjE.     FAMILY:    LINGUATULID^ 

LINGUATULA  RHINARIA  (Syn.  L.  tamioides ;  Pentastoma  tamioides)  — 
The  adult  lives  in  the  nose  and  accessory  sinuses  of  some  mammals.  It  is 
rare  in  man.  The  ova  pass  out  with  the  nasal  secretion,  and  are  swallowed 
by  another  host,  usually  one  of  the  herbivora.  The  larvae,  which  hatch 
out  in  the  stomach,  bore  their  way  to  the  liver,  where  they  encyst, 
and,  after  various  transformations,  become  more  mature.  They  then 
migrate,  probably  passing  to  their  final  habitat,  the  nasal  cavity,  by  way  of 

1  Carnegie  Dickson,  Miles  as  Internal  Parasites  of  Man.  Communicated  at 
meeting  of  Pathological  Society  cf  Great  Britain  and  Ireland,  27th  March,  1920,  and 
Medical  Society  of  London,  10th  January,  1921.  For  preliminary  note,  see  Journal 
of  Tropical  Medicine  and  Hygiene,  vol.  xxiv.,  No.  3.  Feb.  1,  1921,  p.  25. 
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the  lungs,  bronchi,  trachea,  etc.,  though  it  is  possible  that  they  may  gain 
access  to  the  nasal  cavity,  etc.,  by  other  routes.  They  then  moult  and 
develop  into  the  adult  form. 

II.— SUPER-FAMILY  :    IXODOIDEA    (TICKS) 

These  are  of  importance  from  the  fact  that,  in  addition  to  being  found 
as  epi parasites  upon  man  and  many  of  the  lower  animals,  especially  on 
birds,  they  may  act  as  carriers  of  protozoal  and  bacterial  diseases,  and 
also  some  forms  of  helminthiasis. 

Ticks  are  divided  into  two  families,  Argasidae  and  Ixodidae,1  to  the 
former  of  which  belong  practically  all  the  members  of  this  group  which 
have  been  as  yet  found  to  be  pathogenetic  in  man. 

ARGAS  PERSICUS,  found  in  Asia  and  Africa,  transmits  the  Spiro- 
chceta  marchouxi  (Sp.  gallinarum)  of  spirochetosis  of  fowls,  as  does  also 
0.  moubata. 

ORNITHODOROS  MOUBATA.— This  tick  is  widely  distributed  in 
Africa,  and  is  the  carrier  of  the  Spirochceta  duttoni  of  African  Tick  Fever 
(see  p.  365).  This  species  of  tick  is  also  a  possible  intermediate  host  of 
Filaria  perstans.2,  0.  moubata  can  live  for  at  least  eighteen  months 
without  food,  if  supplied  with  sufficient  moisture. 

DERMACENTOR  VENUSTUS— (Syn.  D.  andersoni)—t\ie  Rocky 
Mountain  Tick-Fever  tick,  is  found  especially  in  America.  It  is  said  by 
Wilson  and  Chowning  3  to  convey  a  protozoon  which  they  call  "  Pyro- 
plasma  hominis  "  (Piroplasma  hominis),  and  which  they  believe  to  be  the 
cause  of  the  "  Spotted  Fever  of  the  Rocky  Mountains,"  which  disease  they 
therefore  term  "  Pyroplasmosis  hominis  "  (Piroplasmosis  hominis) ;  but 
considerable  doubt  has  been  thrown  on  this  observation  by  subsequent 
observers,  though  these  confirm  the  statement  that  the  disease  is  carried 
by  this  tick.  In  British  Columbia,  this  tick  conveys  tick-paralysis  to  man 
and  sheep. 

MARGAROPUS  ANNULATUS.— The  adult  of  this  species  is  epi- 
parasitic,  especially  on  cattle.  It  is  the  carrier  of  Babesia  bigen 
(Piroplasma  bigeminnm),  the  cause  of  Texas  or  red- water  fever  in  cattle 
(see  p.  384) ;  and  of  Spirochceta  teileri,  which  also  infests  cattle.  These 
two  diseases  are  often  found  associated  in  the  same  host,  to  which  they 
are  conveyed  by  this  tick. 

In  addition  to  conveying  different  forms  of  Spirochaetosis  and  Babesia 
or  Piroplasma  infections,  certain  species  of  ticks  have  been  described 

1  Sometimes  classed  as  the  sub-families,  Argantinee  and  Ixodin»,  concerning 
which  there  is  now  a  very  extensive  literature,  ride  Animal  Parasites  of  Man. 

-  Wcllman,  "  Preliminary  Note  on  some  bodies  found  in  Ticks — Ornithodoros 
moubata  (Murray)  fed  on  Blood  containing  Embryos  of  Filaria  jjerstans  (Manson)," 
Brit.  Med.  Jour.,  .July  20,  1907,  p.  142. 

3  Wilson  and  Chowning,  "Studies  in  Pyroplasmosis  horn  5]  otted  Fevei 

or  'Tick  Fever'  of  the  Rocky  Mountains),'1  Journal  of  Infectious  Diseases,  l(.'ii4. 
i.  pp.  31-57.     In  this  paper,  the  tick  named  is  Dermaantor  reticuhitus,  hut  tin- 
been  corrected  to  D.  venustus  or  andersoni  by  subsequent  writers. 
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as  being  the  carriers  of  various  diseases  caused  by  other  protozoa,  and 
form  an  important  field  for  further  study  and  research.  During  the 
life-history  of  the  majority  of  ticks,  three  hosts  are  necessary,  one  being 
required  for  each  of  the  three  developmental  stages,  hexapod  larva, 
eight -legged  nymph,  and  adult,  although  in  some  instances  two,  or  even 
all  three,  of  these  stages  may  be  completed  upon  the  same  host ;  and,  in 
Orniihodoros  moubata,  the  transformation  from  larva  to  nymph  occurs 
within  the  egg-shell. 

In  some,  though  not  in  all,  cases,  pathogenetic  protozoa  are  trans- 
mitted from  the  adult  female  tick  to  the  ova,  and  thus  to  the  resulting 
larvae,  which  may  then  carry  the  disease  to  the  host  which  they  attack. 
In  other  instances,  the  protozoa  remain  quiescent  until  the  infected  larvae 
attain  maturity,  the  disease  being  then  transmitted  by  the  adult  tick. 

B.  INSECTA  or  HEXAPODA 

These  are  Arthropoda  breathing  by  means  of  tracheae,  and  with  bodies 
divided  into  three  separate  regions,  head,  thorax,  and  abdomen.  The  head, 
formed  by  the  fusion  of  about  six  segments,  is  equipped  with  four  pairs  of 
appendages,  antennae,  mandibles,  maxillae  with  their  palpi,  and  fused  second 
pair  of  maxillae  forming  the  labium  or  lower  lip,  each  side  carrying  its  labial 
palp.  The  ocular  segment  carries  the  eyes.  The  mouth-parts  are  developed 
and  modified  for  biting,  sucking,  etc.,  according  to  the  life-habits  of  the 
individuals.  The  thorax  consists  of  three  segments,  often  fused  together, 
bearing  the  three  pairs  of  jointed  legs  ;  whilst  the  abdomen  consists  usually  of 
ten  segments,  the  posterior  segment  carrying  the  anus,  and  the  penultimate 
segment  the  genital  aperture.  The  posterior  segments  are  often  modified 
for  reproductive  purposes,  the  male  being  frequently  equipped  with  claspers, 
and  the  female  with  an  ovipositor.  Development  is  usually  complex,  and, 
when  hatched  from  the  ova,  the  young  or  larvae  (maggots,  caterpillars,  etc.), 
as  a  rule  differ  markedly  from  the  adult  both  in  form  and  habit  of  life ;  and ,  in 
order  to  reach  the  adult  stage,  they  generally  undergo  metamorphosis  during 
a  quiescent  period  of  pupation.  Some  possess  wings,  one  or  two  pairs;  in 
others,  these  are  rudimentary  or  have  been  lost;  whilst  others  again  are 
wingless. 

Insects  are  of  vast  importance  in  the  economy  of  nature,  and,  from  man's 
point  of  view,  their  activities  are  both  helpful  and  harmful.  It  is  with  the 
latter  that  we  are  here  concerned.  The  destructive  activities  of  insects  as 
regards  crops,  stores,  provisions,  etc..  does  not  come  into  our  province,  except 
where  these  lead  to  the  contamination  and  infection  of  food,  etc.  The  role 
of  the  house-fly  and  all  its  kind,  of  ants,  beetles,  etc.,  in  thus  carrying  infection 
and  disease  is  now  beginning  to  be  more  fully  recognised.  Typhoid,  cholera, 
dysentery,  summer-diarrhcea,  tuberculosis,  anthrax,  tetanus,  and  a  host 
of  other  diseases  may  be  so  carried,  but  come  more  into  the  subject  of  Public 
Health  and  Preventive  Medicine,  than  into  Pathology.  Similarly,  the  trans- 
mission of  disease  by  biting-insects  is  a  subject  of  extreme  importance,  but, 
for  full  descriptions  of  mosquitoes,  midges,  and  sand-flies,  tse-tse  flies,  and 
other  insect-carriers  of  disease,  special  textbooks  must  be  consulted,  though 
passing  reference  has  been  made  to  them  in  this  volume  when  dealing  with 
such  diseases  and  the  parasites  causing  them  (malaria,  yellow  fever,  etc.). 

We  shall  merely  deal  here  shortly  with  a  few  of  the  commoner  and  more 
important  insect-parasites  of  man,  some  of  which  are  also  vectors  of  disease. 
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Many  insects  are  casual  or  occasional  epiparasites  upon  man.  Some 
produce  severe  irritation  by  injecting  a  salivary  secretion  when  they 
bite. 

MYIASIS. — The  larvae  of  some  dipterous  insects  may  become 
parasitic  in  man  and  animals.  Internal  or  Gastro-Intestinal  Myiasis— 
due  to  the  presence  of  larvae  of  the  (Estridce  (the  bot-  or  warble- 
flies),  Sarcophagidce  (the  flesh-flies,  such  as  Sarcophaga  carina  ><>. 
S.  magnified,  etc.);  certain  Muscidce,  e.g.  Fannia  or  Homaloii<<ji<i 
canicidaris  (the  small  house-fly),  Musca  domeslica  (the  common  house- 
fly); Calliphora,  Cynomyia,  etc.  (the  blue-bottles),  and  Lucilia,  Pycno- 
soma,  etc.  (the  green-bottles) — is  less  common  than  External  Myiasis, 
in  which  the  skin,  outer  ear,  pharynx,  nose  and  its  accessory  sinuses, 
urethra  and  vagina  may  be  involved.  Some  of  the  above-mentioned 
flies,  as  well  as  the  screw- worm  fly  (Chrysomyia  maeellaria)  and  certain 
of  its  relatives  occasionally  lay  their  eggs  in  these  positions  in  sleeping 
or  debilitated  persons,  and,  during  the  war,  severe,  and  sometimes  fatal, 
maggot-infection  of  exposed  wounds  was  by  no  means  uncommon  in  the 
various  war-areas,  especially  by  the  larvae  of  blue-bottle  and  green- 
bottle  flies ;  whilst  in  East  Africa,  the  troops,  especially  Indian,  frequently 
suffered  from  African  dermal  myiasis,  due  to  invasion  of  the  skin  and 
subcutaneous  tissues  by  the  larvae  of  Cordylobia  anthropophaga  or  an 
allied  species,  a  yellowish-grey  fly  about  the  size  of  a  small  blue-bottle, 
with  blackish  markings  on  the  thorax  and  abdomen.  The  elongated 
oval  larva,  the  usual  host  of  which  is  probably  the  dog,  is  about  half- 
an-inch  long,  white  or  whitish-yellow  in  colour,  and  covered  with  small 
dark  spines.  The  slightly  more  tapering  cephalic  end  is  armed,  on  its 
ventral  aspect,  with  two  small  black  hooklets,  which  it  uses  to  burrow 
into  the  skin,  producing  a  small  boil  or  urticarial  weal,  with  a  central 
opening  in  which  the  posterior  extremity  of  the  larva  may  be  seen.  This 
opening,  if  not  obscured  by  discharge,  may  appear  black  from  the  presence 
of  the  excrement  of  the  parasite.  When  mature,  the  larva  drops  out 
and  pupates  in  the  ground.  The  usual  sites  of  infection  are  the  fore- 
arms, scrotum,  buttocks  and  upper  parts  of  the  thighs,  though  any 
exposed  part  of  the  body  may  be  attacked.  The  Congo  floor-maggot, 
or  larva  of  the  fly,  Auchneromijia  luteola,  is  the  only  dipterous  larva 
known  to  suck  blood.  It  is  widely  distributed  in  tropical  and  sub- 
tropical Africa,  burrows  in  earth  or  dust,  especially  in  the  floors  of  native 
huts,  and  attacks  those  sleeping  on  the  ground,  sucking  blood,  but  not, 
so  far  as  is  known,  conveying  any  disease. 

Certain  of  the  parasitic  Hemiptera  or  Rhyncota — by  some  writers 
called  Rhyncota  Aptera  Parasitica — e.  g.  the  Pediculi  or  Lice,  and  certain 
of  the  Bugs,  have  become  much  degraded  in  consequence  of  their  parasitic 
habits,  the  wings  characteristic  of  non-parasitic  hemipterous  insects  having 
disappeared. 
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FAMILY  :    PEDICULID^E   OR   LICE 

PEDICULUS  CAPITIS  or  HEAD-LOUSE.— The  male  measures  from 
1  to  1*5  mm.  and  the  female  from  1*8  to  2  mm.  in  length,  the  colour 
varying  from  light  grey  to  dark  brownish-black.  The  operculated  ova 
or  "  nits  "  are  minute,  white,  oval,  or  pear-shaped  bodies,  visible  to  the 
naked  eye.  They  are  attached  to  the  hairs  and  hatch  in  about  a  week, 
and  the  young  insects  mature  in  from  three  weeks  to  a  month,  the  adult 
being  somewhat  oblong  in  shape.  Severe  irritation  of  the  scalp  may  be 
set  up,  with  the  formation  of  pustules,  impetigo-like  crusts,  etc.,  due  partly 
to  scratching  and  the  resulting  secondary  bacterial  infection,  which  may 

Female.  Male. 


Ovum  or  "  Nit."         Larva. 
Fig.  218. — Pediculus  capitis  or  Head-louse.      X  10. 

also  involve  the  cervical  lymphatic  glands.  Children  are  specially  liable 
to  attack. 

PEDICULUS  VESTIMENTI  (Syn.  P.  vestmentorum)— The  CLOTHES- 
or  BODY-LOUSE  lives  upon  the  surface  of  the  body,  and  breeds  in  the 
clothing  next  the  skin,  as  well  as  on  the  skin  itself.  It  lives  by  sucking 
blood,  and  causes  wheals  with  a  central  point  of  haemorrhage  at  the  site 
of  the  bite — often  leading  to  the  production  of  very  severe  eczema,  due 
to  the  irritation  of  some  toxic  substance  which  it  injects  when  it  bites,  to 
the  scratching  induced  by  the  itching,  and  to  secondary  bacterial  infection. 
It  attacks  all  ages,  but  especially  adults,  more  particularly  aged  and 
debilitated  persons.     It  may  produce  serious  anaemia  in  weakly  children. 

PHTHIRIUS  INGUINALIS  (Syn.  Pediculus  pubis) .—This  variety, 
known  as  the  CRAB-LOUSE,  lives  on  the  hairy  parts  of  the  body  (with 
the  exception  of  the  scalp),  and  is  specially  found  in  the  pubic  region. 


446 


GENERAL   PATH0L0G1 


Male. 


Female. 


Larva.  Ovum. 

Fig.  210. — Pediculus   vestimcnti,    Clothes-    or   Body -louse.     X  10 


.Male.  Female. 

Fig.  22u. — Phihirius  inguinulis,  Pediculus  pubis,  or  Crab-louse.         IT. 
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It  occasionally  attacks  the  eyelids,  producing  a  marginal  blepharitis.  The 
male  measures  0*8  to  1  mm.  and  the  female  about  1*1  to .1*2  mm.  in  length. 
The  severity  of  the  lesions  produced  varies  in  different  cases.  In  some,  the 
irritation  may  be  severe  and  lead  to  the  production  of  marked  eczema. 
Lice  act  as  carriers  of  typhus,  relapsing  fever  and  trench-fever.  In 
Sir  David  Bruce's  Committee  Report  on  the  Louse  and  Trench-Fever,1 
amongst  other  important  conclusions,  it  is  stated  that  the  bite  alone  of 
the  infected  louse  does  not  produce  the  disease,  but  that  the  experimental 
results  were  positive  if  the  excreta  taken  from  such  lice  are  scratched 
into  the  skin,  the  incubation-period  averaging  eight  days.  The  infection 
is  therefore  from  the  contents  of  the  alimentary  canal,  which  may  either 


Fig.  221. — Cimex  lectularius,  Acanthia  lectularia,  or  Common  Bed-bug 

(male).     X 10. 

be  deposited  by  the  insect,  or  squeezed  out  by  the  patient  in  the  process 
of  scratching,  and  so  inoculated  into  the  bites  and  scratches  in  the  skin. 
It  is  also  noted  that  lice  will  leave  a  patient  with  a  raised  temperature, 
and  migrate  to  one  with  a  normal  temperature.  It  is  probable  that  the 
method  by  which  the  Sjrirochceta  recurrentis  is  inoculated  is  similar  to 
that  just  described  for  trench-fever. 

FAMILY:   ACANTHIADjE,  etc.,   or  BUGS 
CIMEX  LECTULARIUS— (Syn.  Acanthia  lectularia;  CUnocorus  lectu- 
larius)— or  COMMON  BED-BUG  is  reddish-brown  in  colour,  and  measures 
4  to  5  mm.  in  length  and  about  3  mm.  in  breadth.     It  lives  in  bedding, 
furniture,  etc.,  in  crevices  of  which  it  lays  its  eggs.     These  hatch  out 
1  British  Medical  Journal  March  23,  1918,  pp.  353-4. 
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in  a  week  or  ten  days,  the  larva  moulting  its  skin  five  times  as  it  grows 
into  the  adult  in  about  eleven  weeks  or  less.  One  feed  of  blood  occurs 
before  each  moult  and  before  the  laying  of  the  These  parasites 

usually  attack  man  during  the  night. 

Numerous  varieties  of  bed-bug  and  other  closely-allied  species  of  bugB 
are  described.     C.  rotiutdalus  is  common  in  warm  countries,  and  mav  be 
one  of  the  carriers  of  Kala-Azar  (Patton).     It  also  appears  to  be  cap 
of  carrying  the  virus  of  poliomyelitis.    Another  bug,  Conorhii  isttus 

has  recently  been  proved  to  be  the  host  of  Trypanosoma  cruzii,  which 
undergoes  part  of  its  development  in  this  insect. 


Fig.  222. — Pulex  irritans  (male). 


ORDER  :  DIPTERA  OR  SYPHONAPTERA 

The  Aphaniptera  or  Fleas  are  wingless  members  of  this  group  of 
insects,  and  are  divided  into  two  chief  families,  the  Pulicidse  or  True  Fleas, 
and  Sarcopsillidse  or  Jiggers.  The  females  of  the  latter  family,  when 
fertilised,  burrow  under  the  skin  of  their  hosts. 

The  ova  of  fleas  are  oval,  smooth  and  white,  and  about  0*5  mm.  in 
length,  and  are  laid  on  or  under  the  ground,  on  floors,  carpets,  rugs,  etc., 
or  in  the  nests  of  the  animals  they  infest.  In  warm  weather,  they  hatch 
out  in  less  than  a  week,  hut,  in  cold  countries,  incubation  may  occupy 
two  or  three  weeks.  The  larvae  are  pearly  white  in  colour.  They  are 
composed  of  fourteen  segments  without  legs,  but  can  move  ab  ut  actively. 
These  mature,  with  usually  three  moults,  in  about  a  fortnight,  and  then 
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undergo  pupation  of  about  one  to  three  weeks  in  a  cocoon.  In  addition 
to  sucking  blood  and  causing  considerable  irritation,  fleas  are  of  extreme 
importance  as  carriers  of  disease,  especially  those  of  the  rat  and  other 
rodents,  which  carry  plague.1  The  rat-trypanosome  and  certain  tape- 
worms in  their  cystic  stage,  and  possibly  the  infective  agents  of  other 
diseases,  are  also  carried  by  fleas.  It  is  important  to  note  that  fleas 
cannot  jump  more  than  four  or  five  inches,  a  fact  that  can  be  utilised 
for  protecting  experimental  laboratory  animals  against  infection  by  them. 
Most  fleas  possess  more  or  less  specific  hosts.  When  these  become 
diseased  or  die,  they  may,  however,  attack  other  hosts  if  no  further 


Fig.  223. — Pulex  irritans  (female).      X  22. 


specific  hosts  are  available.  Thus,  when  rats  or  other  animals  die  of 
plague,  the  infected  fleas  may  transfer  themselves  to  man,  whom  they 
may  thus  inoculate  with  B.  peslis. 

PULEX  IRRITANS  or  COMMON  FLEA.— The  male  is  from  2  to  25 
mm.  and  the  female  about  4  mm.  in  length.  They  are  reddish-brown  in 
colour,  and  the  flattened  body  and  legs  are  covered  with  fine  hair-like 
bristles.  The  ova  are  barrel-shaped.  The  larva  is  an  elongated,  & 
mented  body  without  legs.  P.  irritans  is  also  found  on  the  dog,  cat, 
rat,  badger  and  other  animals,  as  well  as  on  man. 

XENOPSYLLA  CHEOPIS— (Syn.  Lcemopsylla  or  Pulex  cheo pis)— the 
COMMON   RAT-FLEA  of  tropical  countries,  especially  the   Nile  basin, 

1  B.  pestis  can  be  carried  by  the  Rat-Fleas  Xenopsylla  cheopis  and  Ceraiophyllua 

fasciatus,  and  Hoplopsyllus  anomalus,  a  parasite  of  squirrels  and  rats,  as  well   as 
by  Pulex  irritans. 
?9 
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South  America,  Japan,  India,  Australia,  Manila  and  elsewhere — is  of 
importance  in  connection  with  the  spread  of  plague,  of  which  it  is  the 
principal  vector.  It  may  convey  B.  pestis,  not  only  from  animal  to 
animal,  but  from  infected  rats  to  man,  as  this  species  of  flea  will  also 
attack  the  human  subject.  The  flea  itself  does  not  appear  to  suffer  in 
health  from  the  plague  bacilli  which  it  harbours  in  its  alimei  trial.1 

It  is  apparently  its  excrement  which  carries  the  infection,  and  this  prob- 
ably becomes  inoculated  into  the  bites  or  scratches  on  the  human  skin. 

Flea-bites  usually  shew  as  small  bleeding  points  surrounded  by  an  a 
of  erythema,  and,  in  delicate  skins,  a  wheal  may  also  develop,  produced 
by  an  irritating  substance  introduced  by  the  flea.     A  more  generalised 
urticaria  is  sometimes  occasioned  by  this  poison. 

DERMATOPHILUS  PENETRANS  or  SAND-FLEA— (Syn.  Sarcopsylla 
or  Pulex  penetrans,  or  "  Jigger,"  "  Chigger,"  or  "  Chigoe  ") — is  an  imp 
ant  parasite  in  some  parts  of  Central  and  South  America,  especially 
Brazil,  Africa,  the  West  Indies,  India,  and  elsewhere.  The  males  and 
unimpregnated  females  are  minute  reddish-brown  insects  about  1  mm. 
in  length.  The  male  rarely  attacks  man.  Only  the  female,  when  im- 
pregnated, becomes  endoparasitic,  swelling  in  her  burrow  to  about  the 
size  of  a  small  pea.  The  abdomen  becomes  enormously  distended  with 
ova.  After  impregnation,  the  female  burrows  beneath  the  skin,  especially 
on  the  soles  of  the  feet  and  between  the  toes,  laying  her  eggs  and  causing 
inflammation  and  ulceration.  Abscesses  may  form,  and  serious  secondary 
infections  such  as  tetanus  may  supervene.  The  female  lives  head  down- 
wards in  her  burrow,  the  posterior  segments  of  her  body  blocking  the 
opening,  through  which  the  ova  are  expelled.  After  this  process  is 
complete,  the  female  is  herself  expelled  by  the  ulceration  which  ensues. 
Sometimes  several  hundred  such  parasites  may  be  found  on  a  single 
host.     Pigs  and  other  animals  are  attacked,  as  well  as  man. 

1  The  following  description  of  the  method  of  inoculation  is  given  in  the  official 
Memoranda  on  Medical  Diseases  in  the  Tropical  and  Sub-Tropical  War  Areas,  1919, 
p.  203  :  "  It  might  be  supposed  that  the  flea  inoculates  the  bacillus  when  it  bites. 
This  is  not  the  case.  What  really  happens  is  very  interesting.  The  flea  sucks  up 
blood  containing  plague  bacilli.  These  multiply  at  its  pro ventri cuius,  and  the 
baoillary  mass  eventually  extends  into  the  oesophagus,  thus  blocking  the  entrance 
of  the  stomach.  The  starved  Ilea  makes  violent  efforts  to  get  more  blood, 
the  oesophageal  contents  regurgitate,  thereby  infecting  through  the  skin  lesx  n  the 
healthy  person  on  whom  the  Ilea  is  trying  to  feed.  The  ilea  itself  does  not  i 
sarily  die  from  the  obstruction,  but  it  is  apt  to  do  so  if  the  weather  18  dry.  pre- 
sumably from  ack  of  fluid.  .  .  .  Infection  may  also  occur  from  the  bacillus- 
containing  faeces  of  the  flea  voided  on  the  skin  and  rubbed  into  the  wound. 
The  rat  Ilea  may  remain  infective  for  43  days.'* 


CHAPTER  XII 
IMMUNITY 

The  very  marked  differences  in  susceptibility  to  disease  in  different 
species  of  animals,  in  different  races,  and  in  different  individuals  of  the 
same  species  or  race,  need  no  emphasis.  They  are  recognised  by  every 
one ;  but  the  various  attempts  to  explain  these  differences  have  led 
to  a  multiplicity  of  hypotheses  as  to  their  nature  and  causation.  The 
subject  of  Immunity,  however,  is  of  such  importance  that  we  feel  we 
must  devote  more  space  to  it  than  would  at  first  seem  justified  in  a 
textbook  primarily  intended  for  students  of  medicine.  It  is  convenient 
to  deal  first  with  the  subject  under  two  headings— Natural  Immunity 
and  Acquired  Immunity. 

NATURAL  IMMUNITY.— As  has  already  been  stated,  there  are 
undoubtedly  very  marked  differences  in  susceptibility  to  disease  exhibited 
by  different  animals  and  different  races;  but  it  is  doubtful  if,  in  the 
strictest  sense,  in  the  higher  animals,  at  all  events,  such  a  phenomenon 
as  complete  natural  immunity  exists.  The  ordinary  sheep  is  very  sus- 
ceptible to  anthrax,  whereas  the  Algerian  sheep  is  highly  immune. 
Rats  are  practically  immune  to  anthrax;  but  mice,  guinea-pigs  and 
rabbits  are  extremely  susceptible.  Further,  the  channel  by  which 
infection  takes  place  may  determine  the  susceptibility  or  the  immunity 
of  any  given  animal  to  infection  by  bacteria  or  bacterial  products.  It  is 
generally  held  that  animals  other  than  man  are  not  susceptible  to  cholera, 
scarlet  fever,  leprosy,  etc.,  and  that  the  human  species  is  unaffected 
by  some  of  the  bacteria  which  cause  disease  among  other  animals ; 
but,  when  the  evidence  is  examined  more  closely,  and  especially  by 
experimental  methods,  it  is  found  that  there  is  a  relative,  rather  than 
an  absolute,  insusceptibility.  Cholera  may  be  produced  in  the  guinea-pig 
and  in  the  rabbit,  if  certain  special  methods  of  experimentation  be  em- 
ployed ;  and,  again,  very  large  doses  of  a  bacterium  may  produce  disease 
in  an  animal  in  which  moderate  doses  would  have  no  effect ;  or  ordinary 
doses  may  produce  disease  in  an  animal  whose  vitality  has  been  much 
lowered.  In  the  light  of  these  facts,  natural  immunity  may  be  defined 
as  the  inherited  resisting  power  to  bacterial  or  toxic  invasion  and  damage, 
exhibited  by  the  animal  body  in  its  natural  conditions  and  surroundings. 

Various  hypotheses  have  been  propounded  to  explain  the  phenomenon 
of  natural  immunity,  such  as  the  great  phagocytic  activity  of  the  leucocytes, 
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the  normal  presence  oi  bher  antibodi 

which  act  upon  the  products  oi  tl  agent  and,  in  some  wav. 

render  them  innocuous,  or  the  which  are  n< 

sary  for  the  nutrition  and  growth  of  bacteria.    None  oi 

theses,  however,  giv<  explanation  of  the 

phenomena. 

ACQUIRED  IMMUNITY.— In  the  Bphere  of  infectious  diseases,  there 
are  innumerable  examples  of  practically  complete  immunity  which  has 
acquired  by  an  attack  of  disease  Children  are  specially  susceptible 
to  measles,  scarlet  fever,  etc.  They  usually  become  infected  in  early  life, 
and  a  second  attack  is  not  common.  They  have  acquired  a  protection, 
probably  by  substances  which  have  been  introduced  into,  or,  rather, 
developed  in,  the  system  during  an  attack;  or,  it  may  be,  as  » 
observers  maintain,  by  what  might  be  called  an  education  of  the  cell,  bo 
that  it  is  able  in  future  to  deal  satisfactorily  with  the  bacteria  when  they 
ent  er.    These  observed  facts  were  utilised  by  Jenner  is  hi  I  isoovery 

of  vaccination    against  smallpox;    but  to  Pasteur  and    his  co-woi 
must  be  given  the  credit  of  laying  the  foundation  on  which  the  whole 
superstructure  of  protective  inoculation  has  been  built. 

By  introducing  certain  bacteria  or  their  products  into  the  system, 
under  conditions  to  be  described  later,  immunity  against  these  bacteria 
or  these  bacterial  products  can  be  produced.  This  immunity  is  what  is 
termed  Experimental  Acquired  Immunity,  or  Artificial  Immunity  ;  and 
it  is  due  to  the  production  of  substances,  the  so-called  Antibodies,  or 
bodies  antagonistic  to  the  bacteria  themselves,  or  to  their  products,  the 
toxins. 

Substances   which,   when  introduced  into  the  tissues  of  an  animal, 
have  the  property  of  giving  rise  to  antibodies,  are  called  antigens.     I 
of  these  are  definite  proteins,   but  their  exact  chemical  composition  is 
unknown.     The    antibodies    which    are    developed    in    response    to    any 

given  antigen  are  specilic    thus  the  antibodies  produced  in  response 

an  injection  of  BacilhlS  "  A  "  would  have  a  definite  action  on  that  bacillus, 

but  not  on  Bacillus  "  B,"  unless  Bacillus  "B"  were  closely  related  to 

llus"A";  and,  even  then,  the  action  on   Bacillus  '"A"   would  be 

marked  than  on   Bacillus  "  B."     On  Bacillus  "  C,"  which  is  not  in 

any   way   related    t"    Bacillus  "A,"  the   antibody   to   "  A "   would   have 

effect.    Closely  related  01  0  doubt,  ha.  a  in 

tnon,  and  this  will  account  I  in  action  on 

two  or  more  different,  but  allied,  bacteria  by  the  antibody  produced  by 

any  one  of  them. 

This  artificial  immunity  may  be  produced  in  either  of  two  ways : — 

1.   By  an  injection,  or  by  repeated  injections  in  graduated  non-fatal 

doses,  of  an  organism  or  of  its  toxin.    Immunity  tl 

is  active  or  direct,  the  antibodiee  I  by  the  animal 

itself.     A  high  degree  of  immunity  ma  be  produced  by 
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commencing  with  small  closes  and  increasing  these   slowly  at 
suitable  intervals. 

2.  By  the  injection  of  the  serum  of  another  animal  highly  immunised 
by  method  1.  This  is  passive  or  indirect  immunity,  and  the 
antibodies  are  supplied  by  the  first  animal. 

In  producing  such  immunity,  it  is  necessary  so  to  regulate  the  degree 
of  infection  as  to  avoid  a  fatal  result,  or  even  a  very  serious  illness, 
for,  if  the  reaction  is  very  intense,  a  lessened  degree  of  immunity  is 
produced. 

ACTIVE  or  DIRECT  IMMUNITY.— It  is  quite  obvious  that  this 
method  is  mainly  useful  as  a  preventive  measure.  In  many  acute  infec- 
tive diseases  where  the  bacteria  are  multiplying  rapidly  or  where  bacterial 
products  are  causing  an  acute  toxaemia,  it  seems  unreasonable  to  introduce 
more  of  the  poison  in  the  hope  of  arresting  the  progress  of  the  infection, 
and  yet  many  workers  have  shewn  that,  even  in  acute  infective  diseases, 
such  as  influenza,  pneumonia,  etc.,  the  introduction  of  the  causal  organism 
as  a  vaccine  may  be  beneficial.  In  less  acute  forms  of  disease,  or  in 
infections  which  are  more  or  less  localised,  such  as  boils,  acne-pustules, 
etc..  the  use  of  vaccines,  made  from  dead  cultures  of  the  causal  organisms, 
has  proved  of  great  value.  The  view  generally  held  is  that  the  vaccines, 
in  such  cases,  increase  the  immunity  by  stimulating  the  cells  which 
have  not  been  sufficiently  acted  upon  by  the  bacterial  products  resulting 
from  the  disease  itself — this  stimulation  leading  to  increased  phagocytosis, 
and  also  probably  to  the  increased  production  of  antibacterial  bodies. 

The  starting-point  of  this  work  was  Jenifer's  discovery  that  man 
could  be  protected  against  smallpox  if  he  were  subjected  to  a  mild 
attack  of  vaccinia  or  cowpox.  This  vaccination  probably  depends  on 
the  attenuation  of  the  unknown  variola  germ  or  some  allied  species 
in  its  passage  through  the  cow.  Pasteur  reopened  the  question  nearly 
eighty  years  later,  by  producing  an  immunity  against  fowl-cholera  by 
means  of  the  injection  of  attenuated  cultures  of  the  causal  organism, 
and  against  anthrax  by  the  injection  of  cultures  which  he  had  rendered 
asporogenous  by  growing  them  at  a  temperature  of  42°  C.  On  the  same 
lines  were  the  observations  of  Greenfield,  that  cattle  were  immune  against 
anthrax  if  the  injected  bacilli  were  first  passed  through  the  guinea-pig, 
and  thus  had  their  virulence  diminished.  Other  observers  have  shewn 
that  the  Bacillus  of  Quarter  Evil  (Symptomatic  Anthrax),  when  dried 
and  exposed  to  a  temperature  of  85°  C.  for  some  hours,  is  no  lo 
pathogenetic  for  cattle,  but,  when  inoculated  into  them,  product 
immunity  against  living  cultures  of  the  bacterium.  It  has  hem  shewn 
that  the  immunity,  in  Buch  eases,  is  produced  either  by  subeti 
contained  in  the  bodies  of  the  bacteria  (intracellular  substances),  oi  by 
these,  aided  by  extracellular  products  found  in  the  fluids  in  which  the 
bacteria  grow,  some  of  which  (toxins,  etc.),  are  the  products  of  their 
growth  and  metabolism. 
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Active  or  Direct  Immunity  may  be  produced  by  the  injection 

1. — Organisms  which  have  been  killed  or  attenuated  in  some  way,  and 
organisms  which  have  been  so  broken  up  that  their  endotoxins  are 
freed. 

(a)  Dead  Organisms. — The  bacteria  are  usually  killed  by  heat,  but 
chemicals  such  as  chloroform,  carbolic  acid,  sodium  fluoride,  etc..  may 
be  used.     Heat  is  the  agent  usually  employed  in  the   preparation  of 

i  nes  which  are  now  so  largely  used  for  immunisation  against  typhoid 
fever  and  other  diseases.  There  is  no  doubt  that,  in  some  cases,  the 
immunity  produced  by  the  injection  of  killed  organisms  is  not  so  potent 
as  that  produced  by  the  injection  of  living  organisms,  partly  because 
the  heat  alters  the  chemical  or  physical  character  of  the  bacteria,  and 
partly  because  a  greater  reaction  is  produced  in  the  body  by  the  living 
organisms. 

(b)  Attenuated  Organisms. — The  virulence  of  bacteria  may  be  so 
reduced  that  even  large  doses  may  produce  no  pathogenetic  effect.  This 
attenuation  may  be  brought  about  by  subculturing  the  organism  several 
times  or  by  merely  keeping  it  on  artificial  media.  Exposure  to  light, 
to  air,  to  the  metabolic  products  of  bacterial  growth  or  even  to  foreign 
chemical  substances,  e.g.  carbolic  acid,  may  play  a  part  in  the  process  of 
attenuation.  Pasteur  reduced  the  virulence  of  B.  aniliracis  by  growing  it 
at  an  abnormally  high  temperature,  and  he  also  noted  that  the  virulence 
of  the  cultures  from  cases  of  fowl-cholera  was  reduced  by  keeping  them 
for  prolonged  periods  in  the  dark.  Attenuation  may  also  be  brought 
about  by  passage  through  animals  of  another  species.  Thus,  Greenfield 
shewed  that  the  virulence  of  B.  anthracis  was  permanently  reduced  for 
cattle    by    passage   through   guinea-pigs.      More   recently,  this   principle 

been   used   in   the   attempts   at   immunisation  against  tubercul 
Immunity  produced  by  such  attenuated  organisms  is  the    basis  of  the 
principle  of  vaccination  against  smallpox. 

(c)  Macerated  Organisms.  ("Extracts"  of  Organisms  Endotoxins.) 
The  bacteria  may  be  macerated  in  various  ways,  or  broken  up  by 
mechanical  means,  SO  that  the  substances  contained  within  them  du] 
life  are  freed.  It  has  been  found  that,  in  some  acts" 
or  endotoxins  are  able  to  produce  immunity  against  themselves,  though 
this  immunity,  in  a  certain  proportion  of  cases,  is  not  efficient 

the  intact  bacteria. 

In  the  animal  body,  this  breaking-lip  of  the  bacteria  may  take  place 
in  a  very  pronounced  fashion.  Rous  found  that,  after  injections  of  the 
bacilli  of  malignant  oedema,  the  exudate  resulting  from  these  inject 

a  very  potent  agent  for  producing  immunity  b  an  attack  of 

malignant  oedema.    Such  exudates  contain  toxic  sul  s  which  have 

been   freed   from  the  bacterial   bodies  during  tl  >•  ruction 

within  the  animal  body,  and  to  I  given  the 

name  aggressins  [vide  p.  175).     Much  work  has  been  done  on  this  subject, 
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and  a  good  deal  of  evidence  has  been  adduced  to  shew  that  these  aggressin- 
containing  exudates  are  specially  useful  in  immunising  against  organisms 
of  the  haBmoirhagic-septicaemia  group. 

Emulsions  or  solutions  produced  by  the  artificial  destruction  of 
bacteria  are  known  as  Vaccines,  and  are  used,  not  only  as  prophylactic 
agents  in  producing  immunity  against  such  diseases  as  typhoid  fever, 
cholera,  plague,  etc.,  but  as  curative  agents,  especially  in  localised 
infections.  Some  of  the  best  results  have  been  obtained  in  cases  of 
furunculosis  and  in  cystitis.  Wright  and  Douglas  found  that,  in  some 
local  staphylococcal  infections,  the  blood-serum  was  deficient  in  sub- 
stances which  appeared  to  be  necessary  to  phagocytosis,  but  that,  if  they 
injected  some  of  the  killed  cocci  in  suitable  doses  and  at  proper  intervals, 
the  phagocvtic  power  of  the  leucocytes  may  be  increased  to  a  con- 
siderable degree.  The  substances  which  bring  about  this  increase  they 
called  Opsonins,  which  probably  act  on  the  bacteria  in  such  a  way, 
that  the  leucocytes  are  enabled  more  easily  to  ingest  and  digest  them. 
It  has  been  shewn  conclusively  that  the  injection  of  bro ken-up  or 
macerated  bacteria  produces  a  definite  specific  immunity.  The  brilliant 
success  of  these  methods  of  producing  immunity  has  naturally  led  to  a 
somewhat  reckless  use  of  vaccines,  with  consequent  discredit,  and,  at 
present,  we  must  content  ourselves  with  pointing  out  that  great  import- 
ance must  be  attached  to  the  method  of  preparation  of  the  vaccine,  to 
its  dosage,  to  the  interval  between  the  doses  and  to  the  site  or  method 
of  administration. 

2.— Living  virulent  cultures  in  non-lethal  doses.  This  method  has  a  very 
limited  application,  and,  in  man  at  all  events,  can  hardly  be  regarded 
as  practical.  The  virulence  of  the  organism  with  which  we  are 
dealing,  may  be  estimated,  and  the  suitable  dose  determined ;  but  it 
is  not  possible  to  estimate  the  power  of  resistance  of  the  individual 
animal,  for  the  difference  in  susceptibility,  even  of  animals  of  the  same 
species,  is  so  great,  that  what  may  be  a  non-lethal  dose  for  one  may  be 
a  fatal  dose  for  another.  Further,  with  certain  bacteria,  e.g.  some  of 
the  organisms  of  haemorrhagic  septicaemia,  a  very  minute  dose  is  sufficient 
to  produce  a  fatal  result  in  some  of  the  lower  animals.  This  method 
has,  however,  been  employed  in  certain  cases,  and  especially  after  a 
preliminary  immunity  has  been  established  in  some  other  way.  The 
animals  may  then  be  able  to  resist  comparatively  large  doses  of  even 
virulent  types  of  the  bacterium  used  for  the  preliminary  immunisation. 

Again,  immunisation  by  virulent  organisms  has  been  prod u coil  by 
introducing  the  organisms  in  conjunction  either  with  a  homologous 
anti-serum,  or  with  some  substance  which  has  an  inhibiting  action  on 
them,  or  by  introducing  them  by  some  route  other  than  that  through 
which  natural  infection  takes  place. 

Knlle  shewed  that  bilo  had  an  inhibiting  effect  on  the  poison  of 
rinderpest,   and  that   Koch's  ability  to  immunise   animals  against  this 
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disease,  by  injecting  the  Ink  of  animals  dead  oi  the  d  ably 

due  to  this  inhibitory  action. 

I*  has  been  Bhewn  that  a  oertai]  <»f  immunity  a^.. 

rtahlished  by  injecting  virulent  spirilla  into  the  -sues 

in  man.     This  method,  bowl  -  the  great   disadva 

subcutaneous  injections  are  apt  to  produce  local  -ion. 

3. — The  separated  products  or  toxins.    Durii  th.  various 

products  appeal  in  the  medium.    In  the  case  of  s<>ni«-  bacteria,  * 
product-  are  quite  a-  toxic  as,  oi  even  more  toxic  than. 
themselves   and   are   known   as   toxins.     If  these   toxins  are  injected   in 
graduated  doses,  until,  eventually,  a  very  large  quantity  can  be   b 
bodies,  which  specially  antagonise  the  toxin,  are  developed  in  the  animals 
so  inoculated,     i  re  the  antitoxins.     Behring  and   Roux,  in  their 

discovery  of  diphtheria-antitoxin  and  tetanus-antitoxin,  pursued  this  line 
of  research.    Calmette,  1-Yaser,  Ehrlich,  Morgenroth,  and  many  others, 
have    Bhewn    that    immunity   can    be   produced    against    snake- vei  • 
vegetab!  s  (e.g.  ricin  and  abrin),  ferments  (e.g.  rennin.  etc.) — by 

repeated    injections  of  these   bodies   in  small  and   gradually  increa 

ind  they  have  further  shewn  that  this  immunity  is  due  to  the 
presence,  in  the  serum  of  the  inoculated  animals,  of  a  substance  or 
Bubetancefl  which  neutralise  the  toxins  which  were  injected.  In  certain 
cases,  it  has  been  found  that  even  minute  doses  of  the  toxin  produce 
supersensitiveness  in  the  animal,  and,  if  the  dose  is  repeated,  a  fatal 

ill  may  follow.    In  such  cases,  it  has  been  shewn  that  immunity 
be  produced  by  first  injecting  the  toxin  altered  by  heat  or   by 
chemicals  (e.g.  iodine  trichloride),  and.  after  a  certain  degree  of  re 

iblished,    continuing    the    process    by    injecting   the 
untreated  toxin. 

PASSIVE  OR  INDIRECT  IMMUNITY.— In  producing  passive  immunity, 
the  serum  <>f  an  animal  which  hs  immunised  by  the  direct  method 

l-  used  as  the  injection-medium.    This  serum,  as  ha  stated  ab 

contains  (<i)  buI  oistic  to  bacteria   (antibacterial  bodies). 

•nistic  to  toxins  (antitoxic  bodies):    or  a  mixture 
of    both   <>f   these.     The   difference    between    antibacterial   and   antitoxic 

bodies  must   be  clearly  understood.    The  antibacterial  bodies  are  pro- 
duced as  a  result   of  the  injection  of  tip  ia  t  bemselves,  and  they 
•  riolvtic,  but  nol           titoxic,  Bubsi 

on   the   other   hand,   an-    produced    as   tie'    result   of  the   injection   of  the 
toxins;    and   their  main   function   is  to   ant  om   this, 

it   i<  evident  that  the  production  <»f  passive  immunity  may  be  used,  not 

only  as  a  preventive,  but  also  as  a  curative, agent.    An  antitoxin  oi 

antibacterial  body  may  be  produced  in  a  healthy  animal,  and  that  animal 

will  then  be  enabled  to  tion  of  either  t!  ding 

toxin  or  bacterium.     Further,  if  the  animal  is  already  I  with  a 

toxin  oi-  with   I  ponding  antagonistic  body  can  be 
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injected,  and  it  will  respectively  neutralise  the  toxin  already  present,  or 
weaken,  and  it  may  be  destroy,  the  bacteria  which  are  causing  the  disease. 
Experimentally,  in  the  lower  animals,  this  law  of  the  neutralisation  of 
toxin  by  antitoxin,  and  the  destruction  of  bacteria  by  antibacterial  sub- 
stances, can  be  definitely  established;  but,  in  disease  in  man,  the  law  is 
not  nearly  so  definite  in  its  application.  Passive  immunity  is  at  its 
maximum  shortly  after  the  injection  of  antiserum ;  but  it  persists  for  a 
much  shorter  time  than  actively  produced  immunity.  A  combination 
of  the  two  methods  is  now  not  infrequently  employed  with  advantage. 

ANTITOXIN  or  ANTITOXIC  SERUM  :— 

Antitoxins  may  be  produced  by  the  injection  of  bacterial  toxins,  such 
as  result  from  the  growth  of  B.  diphiherice,  B.  tetani,  etc. :  venoms, 
obtained  from  snakes,  scorpions,  spiders,  etc.  :  and  certain  vegetable 
poisons,  such  as  abrin,  ricin,  etc. 

(1)  Preparation  of  Toxin. — The  essential  point  is  that  the  bacteria 
should  be  grown  in  the  most  suitable  medium  (for  this  purpose  usually 
a  fluid  one),  and  under  the  most  favourable  conditions  of  temperature, 
etc.  These  are  determined  by  experiment,  and  vary  with  different 
organisms.  When  the  maximum  toxicity  is  reached — again  determined 
by  experiment — the  culture-fluid  is  filtered  through  a  sufficiently  fine 
porcelain  filter,  and  the  filtrate,  which  is  now  free  from  bacteria,  contains 
— and  is  commonly  known  as — the  toxin.  Some  authors  regard  these 
toxins  as  of  the  nature  of  albumoses.  They  are  dialysable,  and  can  be 
precipitated  from  solutions  by  alcohol  and  by  ammonium  sulphate.  The 
toxic  property  is  modified  by  acids  and  alkalies,  and  is  also  largely 
destroyed  by  heating  to  80°  C.  for  one  hour. 

(2)  Estimation  of  Toxicity. — A  series  of  healthy  guinea-pigs  (a  to  a:) 
of  given  weight — generally  about  250  grammes — is  selected,  and  into 
each  of  these  is  injected  a  dose  of  toxin.  These  doses  are  definitely 
graduated  so  that  the  animal  at  the  a  end  of  the  series  receives  a  very 
small  dose,  while  that  at  the  x  end  receives  a  comparatively  large  dose. 
Some  of  the  intermediate  animals  of  the  series  die  on  the  fourth  or  fifth 
day,  and  the  doses  given  to  these  are  noted.  Another  similar  series  of 
experiments  is  carried  out,  using  doses  which  are  between  the  lowest 
and  the  highest  fatal  doses  administered  to  these  intermediate  animals 
of  the  former  series.  Gradually,  in  this  way.  the  smallest  quantity 
which  will  with  certainty  kill  a  guinea-pig  of  250  grammes  weight  on 
the  fourth  or  fifth  day,  is  determined.  This  amount  of  toxin  has 
arbitrarily  denominated  the  minimum  lethal  dose  (M.L.D.). 

(3)  Preparation  or  Development  of  Antitoxin.— The  animal  (generally 
a  horse),  which  is  to  be  immunised,  is  very  carefully  selected.  Having 
determined,  as  far  as  possible,  that  it  is  in  a  perfectly  healthy  condition. 
excluding  especially  glanders  by  the  mallein-test,  a  dose  of  toxin  which  is 
known  to  have  little  or  no  effect  is  injected  Bubcutaneously.  The  animal 
is   allowed   to  recover  completely  from  any  ill  effects  of   the  injection. 
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and  then  the  dosage  is  gradually  increased,  care  being  taken  that 
the  animal  is  kept  in  as  perfect  a  condition  as  possible.  The  antitoxic 
power  of  the  animal's  serum  is  tested  from  time  to  time 

of    the    antitoxin    into    animals    (usually    guinea-pi.  i-ly, 

i.e.  in  combination,  with  known  doses  of  a  standard  toxin,  and,  when 
the  neutralisation  of  the  toxin    by  the   antitoxin    (antitoxic   power)  is 
deemed    sufficiently    high,   the    horse   or   other  animal   is   bled   under 
strictly  aseptic  precautions,  the  serum  being  then  alio 
This  scnini  is  what  is  sold  commercially  an  antitoxin. 

(1)  The    Standardisation    of   the    Antitoxic    Serum. — The    ami 
when  dried  is  more  stable  than  the  toxin,  hence  the  antitoxin  has  I 
made  the  standard  for  testing  purposes.     The  smallest  amount  of  anti- 
toxic serum  is  ascertained  wliich,  when  mixed  with  100  M.L.D.  of  the 
corresponding  toxin  and  injected  subcutaneously  into  a  guinea-pig  of 
250  grammes  weight,  does  not  cause  the  slightest  reaction.     This  amount 

nned  the  immunity  unit.  Varying  amounts  of  a  toxin,  the  M.L.I  >. 
of  which  has  been  ascertained,  are  mixed  with  one  unit  of  antitoxin  of 
known  strength  and  injected  subcutaneously  into  a  series  of  guinea 
of  25')  grammes  weight.  Several  of  the  guinea-pigs  will  probably  die, 
and  if.  for  simplicity  of  explanation,  we  assume  that  only  one  dies  on 
the  fourth  or  fifth  day,  it  can  be  stated  that  one  M.L.D.  of  free  toxin 

present  in  the  solution  injected.     In  those  wliich  die  at  an  earlier 
period,  the  free  toxin  was  more  than  one  M.L.D.,  whereas  in  those 
which  survive  after  the  fourth  or  fifth  day,  the  amount  of  free  toxin 
injected  must  have  been  less  than  one  M.L.D.     In  this  way  is  di 
mined    the    maximum    amount   of   toxin    which  is    just  neutralised  by 

unit  of   standard  antitoxin  and  also  the  amount  of  toxin  which  is 

anneutralised  to  the  extent  that  death  occurs  on  the  fourth  or  fifth  day. 

The  Chemical  and  Physical  Properties  of  Antitoxins. — The  chemical 

composition    of   these    bodies    is   as   yet    very   imperfectly    understood. 

ral  unsuccessful  attempts  have  been  made  to  obtain  protein-free 
antitoxin,  but,  in  serum,  the  antitoxin  is  invariably  united  with  the 
globulin-fraction.  In  the  horse,  at  least,  it  is  the  pseudoglobulin  which 
contains  practically  all  the  antitoxin.  Antitoxins  are  precipitated  by 
alcohol  and  by  ammonium  sulphate ;  and  are  destroyed  by  boiling  for 
a  short  time,  or  by  prolonged  exposure  to  a  temperature  of  Gu°  or  70°  C. 
In  their  dry  condition,  they  can  withstand  a  temperature  of  Mn°  C.  for 

•  ■n  minul 

NATURE  OF  THE  ANTAGONISM  BETWEEN  TOXIN  AND  ANTI- 
TOXIN. -There  are  at  least  two  possible  explanations  of  the  fact  that 
the  action  of  a  given  dose  of  toxin  of  known  virulence  can  be  neutralised 

by  a  given  amount  of  antitoxin.    Either  the  antitoxin  may  break  up.  or 

bine  with,  the  toxin  and  thus  render  it  harmless;  or.  on  the  other 
hand,  the  normal  action  of  the  toxin  on  the  v  be  neutralised 

by  the   antitoxin,   and  thus  damage  may  be  prevented.     The  first  or 
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chemical  view  is  the  one  generally  held,  though  the  latter  or  physiological 
view  has  many  supporters. 

1.  The  Physiological  Antagonism  Hypothesis.— Calmette,  working  with 
snake-venom,  found  that  its  toxic  properties  were  not  destroyed  by  a 
temperature  which  destroyed  the  neutralising  powers  of  the  corresponding 
antivenin.  He  then  made  a  neutral  mixture — i.  e.  a  mixture  containing 
sufficient  antivenin  to  prevent  any  toxic  effect  being  produced — of  venin 
and  antivenin,  heated  this  to  68°  C.  for  ten  minutes,  and  found  that  the 
mixture  was  now  toxic;  or,  in  other  words,  that  the  antivenin  or  toxin- 
neutralising  substance  was  destroyed.  From  this  he  inferred  that  no 
actual  combination  took  place  between  these  two  substances,  but  that 
they  existed  side  by  side,  and  that  the  neutralising  effect  was  brought 
about  only  within  the  body  of  the  animal  into  which  they  were  inje< 
Martin  and  Cherry  shewed,  however,  that  these  results  were  obtained 
only  if  the  heat  was  applied  very  soon  after  the  mixture  was  made. 
They  found  that,  if  time  were  allowed  for  interaction  between  the  venin 
and  antivenin,  the  toxic  properties  were  not  restored  by  the  action 
of  heat. 

2.  The  Chemical  Hypothesis. — The  view  was  put  forward  by  Ehrlich 
that  the  antitoxin  is  capable  of  combining  in  a  strictly  chemical  way 
with  the  toxin  and  neutralising  it.  That  definite  combination  takes 
place  in  vitro  seems  to  be  beyond  dispute.  Toxin  will  pass  through  a 
Chamberland  filter  coated  with  gelatin,  if  high  pressure  is  applied;  but 
antitoxin  will  not,  probably  on  account  of  the  relatively  large  size  of  its 
component  molecules.  Martin  and  Cherry  made  a  neutral  mixture  of 
diphtheria-toxin  and  antitoxin,  and  allowed  sufficient  time  for  inter- 
action. They  then  attempted  in  the  same  way  to  filter  the  mixture 
under  pressure,  and  found  that  the  filtrate  was  non-toxic.  It  follows 
from  this,  that  the  toxin  must  either  have  been  destroyed  by,  or  have 
combined  with,  the  antitoxin — otherwise  the  filtrate  would  have  been 
toxic.  Martin  concludes  that  there  was  definite  combination  in  vitro 
between  the  diphtheria-toxin  and  antitoxin;  and  he  draws  similar 
conclusions  from  the  experiments  with  venin  and  antivenin  referred  to 
above.  Numerous  other  experiments  point  in  the  same  direction,  but 
perhaps  the  most  conclusive  is  one  by  Morgenroth.  He  injected  the 
ordinary  milk-curdling  ferment — rennet — into  a  goat,  and  found  that. 
after  a  time,  the  goat's  serum  had  the  power  of  preventing  the  curdling 
of  cow's  milk  by  rennet.  Here  there  is  produced  a  substance  definitely 
antagonistic  to  rennet,  and  this  must  combine  with  the  rennet  in  order 
to  prevent  its  action.  Physiological  action  is  in  this  instance  out  of  the 
question,  for  we  arc  dealing  with  the  albumins  of  milk,  which  must   be 

•-led  as  inert  chemical  substances.  Further,  Ehrlich  shewed  that 
if  ricin  be  added  to  blood,  the  coagulation  of  which  was  prevented  by  the 
addition  of  sodium  citrate,  the  corpuscles  agglutinate  in  masses  and 
become  sedimented.     If,  however,  some  antiricin — i.e.  the  serum  of  an 
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animal  immunised  against  ricin — be  previously  added  to  the  blood,  the 
agglutination  does  not  take  place.     This  reaction  is  a  definitely  quai 

tive  one;    and  further,  the  p  ed  by  heat,  and  1  bv 

cold  and  by  dilution.     As  has  already  been  indicated,  this  union 
toxin  and  antitoxin  appears  to  be  a  chemical  <>ne.  and  follows  definite 
chemical  laws.    This  being  the  case,  it  might  be  anticipated  that,  if  to 
an  exactly  neutral  mixture  of  toxin    and    antitoxin   there   be   add 
minimum  killing  dose  of  toxin,  an  injection  of  this  mixture  would  prove 
fatal  to  a  guinea-pig  of  250  grammes  weight  within  four  days.     1 
found,  however,  that  this  is  not  the  case,  but  that  five,  ten,  or  i 
more,  minimum  lethal  doses  ma y  require  to  be  added  before  the  mixture 
produces  a  fatal  result  (Ehrlich  Phenomenon).     This  is  explained  by  the 
iice  in    the  toxin    of  substances  which   Ehrlich  terms   toxoids  or 
toxons. 

The  above  explanation  may  be  graphically  represented  as  folio v 

xn  -n  /t\  _  /Toxin — of  full  combining  power  (Tc). 

*    '  ~~  I  Toxon — of  diminished  combining  power  (Tw.). 

The  total  amount  of  T  is  a  fixed  quantity,  but  in  it  the  relative 
amounts  of  its  two  components — Tc.  and  Tw. — may  vary  in  any  given 
Now  Tc.  has  a  greater  combining  affinity  for  antitoxin  (At.)  than 
has  Tw. 

Take  ten  volumes  of  toxin,  and  suppose  that,  in  a  given  instance, 
it  is  composed  of  8  volumes  of  Tc.  and  2  volumes  of  Tw. ;  and  add  to  it 
sufficient  (say  x)  antitoxin  to  make  the  mixture  "  neutral." 

Then  :— 8  Tc.  +  2  Tw.  +  x  (At.)  is  "  neutral." 

To  this  neutral  mixture  add  a  minimum  lethal  dose  of  toxin,  say 
3  T,  which  on  examination  is  found  to  contain,  say,  2  Tc.  -f  1  Tw. 
The  mixture  may  therefore  at  this  stage  be  thus  represented  : — 

(8  Tc.  +  2  Tw.  +  x  At.)  +  (2  Tc.  +  1  Tw.). 

But  in  this  mixture  2  Tc.  will  displace  2  Tw.  in  virtue  of  its  str< 
combining  power  with  At.,  and  the  following  reaction  is  obtained: — 

(8  Tc.  +  2  Tc.  +  x  At.)  +  2  Tw.  +  1  Tw. 
=  (10Tc. -f-xAt.)-f  3Tw. 

Thus,  there  are  uncombined  or  loosely  combined  in  one  mixture 
— i.e.  available  for  action — three  volumes  of  toxon,  which  is  less  than 
the  minimum  lethal  dose. 

According    to    Ehrlich,    most    crude    toxins    are    not    homogeneous, 
but   contain   at    Least    two   molecular    groups,  8    tOXOphore   and    a    hapto- 

phore;  and  the  toxic  properties  of  a  toxin  can  be  weakened  or  d< 
by  mere  exposure  to  light,  air,  or  heat.    Thee  ened  true  toxins 

are   called   toxoids.    The  weakening  is  a  gradual   pro< 
mainly  the  toxophore  element.     The   haptoph  up   may  be   in- 

creased in  combining  activity  (prototoxoid  of  Ehrlich):    or  unchanged 
(syntoxoid) :    or  decreased  (epitoxoid).      It    has   also   1><  wn   that 
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there  are  poisons  whose  haptophore,  as  well  as  whose  toxophore, 
activities  are  weak.  These  weakened  bodies  are  called  epitoxoids  or 
toxons,  and  are  specially  found  in  young  cultures.  The  toxons  are 
probably  not  degenerated  toxins.  They  are  formed  in  cultures  directly 
during  the  growth  of  the  bacilli.  They  may  thus  be  regarded  as  weak 
or  imperfectly  developed  toxins,  or  bodies  allied  to  toxins  but  with  a 
somewhat  different  molecular  structure,  so  that  they  have  less  poisoning 
power,  and  less  affinity  for  antitoxins.  On  this  view,  ordinary  diphtheria 
toxin  contains  more  than  one  toxic  substance,  i.  e.  (i)  a  true  toxin,  which 
causes  the  acute  symptoms :  (ii)  a  toxon,  which,  acting  later,  may  cause 
the  characteristic  paralysis  :  and  further,  the  true  toxin,  in  time  degener- 
ates into  (hi)  a  toxoid,  or  even  into  a  substance  indistinguishable  from 
a  toxon. 

These  views  of  Ehrlich  have  given  rise  to  much  criticism,  but  we 
do  not  think  it  profitable  to  discuss  them  further  here.  It  seems  un- 
doubted that  weakened  toxins  do  exist,  and  that  chemical  union  between 
toxin  and  antitoxin  takes  place.  It  has  been  pointed  out  that  the  amount 
of  toxin  which  is  neutralised  by  a  given  quantity  of  antitoxin  is  greater 
when  the  toxin  is  added  all  at  once  than  when  it  is  added  in  fractions 
(Danysz-Dungern  Phenomenon) .  This  is  quite  in  accord  with  the  chemical 
theory,  if  we  admit  the  presence  of  epitoxoids.  It  may  be,  as  Madsen 
holds,  that  the  toxin-antitoxin  reactions  are  reversible,  and  that  the 
toxin  can  be  dissociated  from  the  antitoxin ;  but  this  subject  is  one  of 
too  great  complexity  to  enter  upon  here. 

3.  The  Colloid  Hypothesis. — Bordet  holds  that  the  action  which 
Erhlich  ascribes  to  epitoxoids  is  really  due  to  the  fact  that  certain 
molecules  of  the  toxin  are  only  partially  saturated  with  antitoxin.  He 
believes  that  the  neutralisation  of  toxin  by  antitoxin  is  an  adsorption 
phenomenon — that  the  molecules  of  the  toxin  are  mordanted  in  different 
proportions  by  the  antitoxin,  the  smaller  toxin-molecule  becoming,  as 
it  were,  entangled  in  the  larger  antitoxin  one.  If  toxin  is  added  to 
antitoxin  in  divided  doses,  the  first  portions  of  the  toxin,  according  to 
this  view,  are  supersaturated  with  antitoxin  and  the  last  portions  are 
not  neutralised.  This  view  affords  a  reasonable  explanation  of  the  Danysz- 
Dungern  Phenomenon,  and,  undoubtedly,  this  colloid  hypothesis  deserves 
most  careful  consideration. 

There  is  abundant  evidence  that  toxin  rapidly  disappears  from  the 
circulating  blood,  and  that  it  becomes  "  fixed  "  to  or  by  the  protoplasm 
of  various  cells  of  the  body. 

The  Source  of  the  Antitoxin. — The  opposing  views  that  the  antitoxin 
is  an  enzyme  produced  in  the  culture-tube  during  the  growth  of  the  toxin  : 
or,  on  the  other  hand,  that  it  is  derived  from  the  toxin  by  the  vital  activity 
of  the  cells  of  the  body,  need  not  be  discussed.  The  amount  of  anti- 
toxin produced  is  always  so  much  in  excess  of  the  toxin  introduced, 
that  it  is  inconceivable  that  it  could  be  produced  from  the  toxin   by 
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the  action  of  the  cells.     Th 

unknown  way  on  the  I  the  body,  and  it  ifl  no.  My  adm 

that  the  antitoxin  is  derived  from  the  cells. 

In  order  to  explain  the  production  of  antitoxin  from  the  cells.  Erhlich 
ounded  his  "side-chain  theory"';  and,  whether  this  view  explain! 
all  the  facts  or  not,  there  cannot   b«'  the  ubt  that  the  hypotfa 

has  proved  a  great  stimulus  to  workers  in  the  field  of  immunity. 

:i  which  has  been  stored  deti  8,  not  only  in  its  toxic  p 

but  also  in  its  capacity  of  combining  with  antitoxin.     The  toxic  power, 
however,  is  diminished  in  a  1  ter  degree  than  the  combining  power. 

On  this  observation,  Ehrlich  stated  that  the  toxin  possesses  at  least  two 
molecular  groups — a  toxic  one  (the  toxophore)  and  a  combining  one  (the 
haptophore).  The  toxophore  group  is  very  unstable,  and  can  be  <i 
at  a  temperature  of  55°  C. ;  and  its  potency  is  considerably  dimini 
even  by  exposure  to  light  and  to  air.  The  haptophore  group  is  much 
more  stable.  Thus,  toxin  may  be  represented  in  graphic  ohemical 
formula  : 

/(combining  arm). 

<    . 

N (toxic  arm). 

Ehrlich  further  postulates  that  the  protoplasmic  molecules  of  the 
cells  of  the  body  are  equipped  with  certain  "side-chains,"  "aims,"  or 
atomic  groups,  the  function  of  which,  under  normal  circumstance 

fix,"  or  chemically  combine  with,  certain  food-stuffs  required  by  the 
cell,  and  so  enable  these  to  become  available  for  cell-life.     Such  atomic 
groups  may  vary  in  character  and  in  function,  one  form  being  specially 
1  for  combination  with  the  molecules  of  one  kind  of  food,  another 
with  those  of  another  kind,  and  so  on.     The  molecule,  or,  for  conveni. 
the  cell  itself,  may  be  graphically  represented,  as  is  shewn  in  fig.  224 
the  symbols  used  being,  of  course,  purely  conventional  and  diagrammatic. 
The  toxins  and  the  protein  food-elements  are  allied  in  their  chemical 
composition  and  combining  affinities;  and  therefore  it  is  quite  reasonable 
-nine  that  certain  of  the  "side-chains"  or  ors  "  of  the  cells 

•nbining  affinities  suitable  fol  uniting  with  the  haptophore  group 
of  the  toxins.     Thus,  when  toxins  are  introduced  into  the  body,  they,  by 
i  their  haptophore  group,  combine  with  suitable  receptors  of  the 
cells;  and  the  toxophore  molecule,  which  is  a  p  a  then  act  injur- 

iously on  the  life  of  the  cell-  I  being  able  until 

choied  to  the  cell  by  its  "haptophore  arm."'     During  dig 
an  i1  i  amount  of  toxin  is  bring  poured  into  the  and  the 

suitable  receptors  of  the  cells  be<  ed  up.    The  ceD  is  thus  not  only 

being  poisoned,  but  it  i-  eprived  of  r  d  nutriment  as  well, 

because  its  food  ome  linked  to.  ai  1  up 

by,  the  toxin-re*  Nature,  h  for 

this;    and,  according  to  Weigert's  well-established  law  of  :  ion, 
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new  receptors  are  developed.  These,  in  turn,  become  used  up,  and 
further  regeneration  goes  on.  This  process  may  continue,  and  the  receptors 
be  formed  in  great  excess ;  until,  ultimately,  the  cells  can  no  longer  contain 
them,  and  they  are  cast  off  into  the  blood-serum  or  lymph  in  enormous 
numbers.  These  cast-off  side-chains  or  receptors  constitute  the  antitoxin 
(fig.  225).  When  more  toxin  is  introduced  into  the  system,  it  meets  and 
combines  with  the  free  antitoxin  present  in  the  body-fluids,  its  toxic 
effect  is   neutralised,   and  so  the  cell  escapes  damage. 

It  follows,  from  what  has  been  said,  that,  in  order  to  produce  anti- 
toxin, the  toxin  must,  in  some  way,  enter  into  combination  with  the 
cells  of  the  body — but  this  toxin  may  not  necessarily  damage  the  cell ; 


Fig.  224. — Diagrammatic  Representation  of  Receptors  (after  Ehrlich). 

A,  A1.  Receptors  of  the  first  order  (uniceptors),  with  a  single  haptophore  group. 

']  ox,  Tox.1    Toxin-molecules,  with  a  haptophore  part  (a)  and  a  toxophore  part  (6).     At  A1 
the  toxin  is  united  to  the  cell  by  its  haptophore  (a). 

B,  B1.  Receptors  of  the  second  order,  with  a  single  haptophore  group  (c)  and  a  group  with 

a  ferment-capacity  (zymophore)  (d).      F.  =  molecules  of  nutrient  material,  protein 
matter,  or  bacterial  bodies. 

At  B1,  the  nutrient  material,  F,  is  united  to  the  cell  by  the  haptophore  group  (c), 
and  in  this  condition  the  ferment  (d)  can  act  upon  it. 

C,  C1.  Receptors  of  the  third  order  (amboceptors)  with  two  haptophore  groups,  ono  of 

which  combines  with  F,  and  the  other  with  the  haptophore  group  of  the  compUiiitnt. 
The  complement  has  a  haptophore  and  a  zymotoxic  group. 


for  the  cell  may  not  be  susceptible  to  the  destructive  action  of  the 
toxophore  group  of  the  toxin. 

If  an  active  tetanus-toxin  be  rubbed  up  with  the  brain-tissue  of  a 
guinea-pig  to  form  an  emulsion,  its  toxic  power  is  lost ;  and,  if  the  emul- 
sion is  now  injected  into  an  animal,  no  tetanic  symptoms  develop.  The 
most  reasonable  explanation  of  this  is  that  a  union  has  taken  place  between 
the  toxin  and  the  protoplasm  of  the  brain-cells.  It  must  alwa] 
remembered  that  the  particular  cell,  or  type  of  tissue,  to  which  the  toxin 
has  been  anchored  by  its  haptophore  group,  may  be  eptible  to  the 

toxophore  group,  and  therefore  may  not  be  poisoned— indeed   it    may 
be  stimulated  to  produce  antitoxin.     Thus  is  explained  the  fact  that,  m 
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Borne  animals,  which  are  apparently  unaffected  by  a  particular  toxin, 
an  antitoxin  is  produced  after  the  injection  of  that  toxin,    it  has  I 
shewn  that   the  crocodile  d  Iter  bom  tetanus,  and  that  its 

brain-cells  have  no  affinity  for  tetanus-toxin,  hut.  th.  us  anti- 

toxin can  be  produced  by  injection  of  the  toxin.    From  this  it  follows 

that  the  cells  must    have  been   stimulated  to  produce  antitoxin,  th. 

no   poisonous  effects   were  obvious.    There  much   i 

support  the  view  that   antitoxin   is   a  product   of  normal  cells,  and   that 
production  is  stimulated  by  the  injection  of  toxin.     Further,  it  has 
shewn  that,  by  the  injection  of  toxoids,  antitoxin  may  be  produ 


•* 


1$  1 *d>  > [^  p* 


in;.  225.  -Diagram  of  formation  of  antitoxin  (aftei  Klirlich). 

1.   UniceptOEB  (A)  used  op  by  toxin-molecules  (T). 

11  with  in  ,  some  of  which  are  "  cost  ofl  '  as  antitoxin   a.  I.. 

."{.  Free  antitoxin  (A.T.),  arresting  toxin  (T),  and  union  with,  and 

corbi'  [uent  damage  to,  tho  oelL 

The  Action  and  Uses  of  Antitoxin.     The  two  most  important  anti- 
toxins yet   known  arc  those  produced  for  the  treatment  of  diphtheria 
and  tetanus.    The  toxins  of  the  causal   bacilli  of  these  two  dise 
act  probably  in  much  the  same   way,  viz.  by  becoming  linked  to  the 
tissue-cells  of  the  host.    The  antitoxin  acts  by  uniting  with  the   free 

toxin;     hut     it     can    have    little   or   no  effect    on   that    which   is  already 
"fixed    by    the   cells."     It   follows,   that,  if   a   fatal    dose    of  toxin    has 

me   united   to  the   cells,   then   no  antitoxic  can  save  the 

life  of  the  patient.    Fortunately,  the  "  fixation  "  of  the  toxin 
of  diphtheria-toxin — to  the  cells  is  ■  comparatively  slow 

its  Bhewed    by   experiment   on  animals  that,  the  longer    the  time 
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elapsing  between  the  injection  of  toxin  and  of  antitoxin,  the  less 
the  chance  of  recovery.    He  found,  for  example,  that,  if  the  antitoxin 

followed  the  toxin  within  ten  minutes,  a  simple  neutralising  dose  would 
save  life;  but,  if  more  than  a  quarter  of  an  hour  had  elapsed,  a  much 
larger  quantity  was  necessary.  Further,  he  shewed  that,  if  only  slightly 
more  than  a  minimum  lethal  dose  of  toxin  were  given,  large  doses  of 
antitoxin  were  successful  after  six  hours,  and,  in  one  case,  even  after  eight 
hours.  But,  with  two  and  a  half  times  the  fatal  dose,  antitoxin  was  useless 
after  four  hours ;  and  with  very  large  doses,  no  amount  of  antitoxin  would 
save  after  about  one  hour. 

From  these  experiments,  it  follows  that  large  doses  of  antitoxin  should 
be  given;  and,  what  is  of  far  more  importance,  that  the  antitoxin  should 
be  given  as  early  as  possible;  for  it  will  neutralise  the  toxin  free  in  the 
blood,  it  may  destroy  toxin  which  is  only  feebly  combined  with  cells, 
and  it  will  render  harmless  the  fresh  output  of  toxin ;  but  it  will  not 
repair  damage  already  done. 

It  has  been  shewn  that  antitoxin  acts  most  rapidly  if  introduced 
either  intrathecally  or  intravenously,  and  that  intramuscular  injections 
are  more  rapidly  absorbed  than  subcutaneous  ones.  Antitoxin  has 
proved  of  comparatively  little  value  as  a  curative  agent  in  tetanus, 
probably  because  the  toxin  is  firmly  united  to  the  brain-cells  before 
the  symptoms  develop.  As  a  prophylactic  agent,  however,  tetanus- 
antitoxin  is  of  great  value. 

ANTIBACTERIAL  SERUM.— As  has  been  previously  stated,  if  an 
animal  be  injected  with  gradually  increasing  quantities  of  certain  varieties 
of  bacteria,  care  being  taken,  at  first,  to  use  doses  considerably  below 
the  minimum  lethal  dose,  the  animal  gradually  becomes  immune,  and, 
ultimately,  large  doses  of  even  virulent  cultures  can  be  tolerated.  The 
serum  of  such  an  animal  is  highly  bactericidal  to  the  special  variety  of 
bacteria  originally  injected,  and  small  doses  of  this  serum  will  protect 
other  animals — at  any  rate,  animals  of  the  same  species — against  doses 
which  WT>uld  be  fatal  to  the  unprotected  animal.  Pfeiffer  found  that 
0'002  c.c.  of  serum  from  an  animal  highly  immunised  against  cholera 
would  protect  a  second  animal  of  the  same  size  and  species  against  ten 
times  the  minimum  lethal  dose  of  a  living  culture.  Antibacterial  serum 
has  been  used  as  a  protective  inoculation  against  certain  diseases,  such  as 
typhoid  fever,  dysentery,  plague,  cholera,  etc.,  and  its  importance,  in 
some,  at  least,  of  these  diseases,  has  been  established.  As  to  its  value  as 
a  curative  agent,  there  is  considerable  difference  of  opinion,  e.g.  some 
authorities  claim  that  antistreptococcic  serum  is  of  considerable  value 
in  certain  cases  of  streptococcal  septicaemia;  whilst  others  regard  it  as 
useless,  and  even  harmful.1  On  the  other  hand,  there  can  be  hardly 
any  doubt  that  antimeningococcic  serum  has  proved  of  immense  value 

1  In  this  connection,  the  multiplicity  of  the  different  varieties  ol  Btreptococoi 

must  be  borne  in  mind. 
30 
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in  cases  of  meningococcal  meningitis.    That  it  has  failed  ••$  of 

the  latter  di  I  in  others,  has  been  shewi  due, 

in  part,  to  the  recently  established  fad  that  there  are  different  I 
of  the  Meningococcus,  and  that  the  Berom  produced  by  one  type,  is  not 
isarily  <>f  any  value   in   an   infect  ion  with   a  different   type,  though 
it     may    product'    a    most    favourable    result    iii   an    ii, feet  ion   with    the 

homologous  type  oi  Meningococcus.    The  whole  subject  of  the  value  of 

antibacterial    serum  in  the  cure  of  I  Is  further   investigation, 

•v  really  definite  statements  can  he  made. 
Preparation  of  Antibacterial  Sera.- -As  in  the  preparation  of  antitoxic 
a  reliable  animal  is  selected.     At  first,  killed  cultures  are  injei 
Bubcutaneously,  and  later,  intravenously,  and  then  living  cultun 

usly.     The    serum    is   tested    from   time   to    time    as   to   its   anti- 
erial  power  on  guinea-pigs  of  standard  weights,  and  also  for  the 
nee  of  living  organisms. 
Standardisation  of  Antibacterial  Sera. — The  minimal  lethal  dose  of  the 
micro-organism   is   determined    by   a   method  similar  to  that  used  in 
the  case  of  toxins.     This  dose  having  been  so  estimated,  a  series  of 
rabbits  is   inoculated  intravenously  with  ten  such  doses,  and.   at   the 
e  time  subcutaneously,  with  measured  volumes  of  the  serum  to  be 
ri.     Thus,  is  determined  the  amount  of  serum  required  to  pre© 
the  life  of  the  animal,  or,  in  other  words,  sufficient  to  neutralise  ten 
minimum  lethal  doses.     It  is  also  customary  to  determine  the  curative 
action    of   the   serum   by  injecting  a  series    of   infected    rabbits  with 
measured  doses  of  the  serum. 

The  Method  of  Action  of  the  Antibacterial  Serum. — If  the  spirilla  of 
cholera  he  injected  into  the  peritoneal  cavity  of  a  guinea-pig  which  has 
been  highly  immunised  against  these  organisms,  they  rapidly  lose  their 
motility,  gradually  become  granular,  break  up  into  irregular  droplets, 
and,  finally,  undergo  solution  and  disappear  entirely  from  the  perito 
fluid  (bacteriolysis),  the  animal  meanwhile  remaining  apparently  in  a 
perfectly  healthy  condition.  This  "reaction  of  Pfeifler "  is  the  1 
on  which  the  theory  of  the  action  of  antibacterial  serum  has  been  built. 
A  similar  reaction  is  found  in  the  case  of  B.  typhosus  and  many  other 
inisms,  provided  the  immunisation  is  carried  out  with  the  organism 
afterwards    injected    into    the    peritoneal    cavity.     In    other    words,    the 

reaction  is  specific,  i.e.  the  serum  of  a  guinea-pig  immunised  against 

B.  typhosus  will,  in  the  peritoneal  cavity,  cause  a  bacteriolysis  of  B. 
typhosus,  but   will    have   no   action   on   >S.  choleras,  and    vice  versa.     In- 
let, Metchnikoff,  and    others   have   shewn  that    this 

bacteriolysis  can  !>.•  produced  in  eitro,  if  tie-  bacteria  are  mixed  with 
freshly-withdrawn  peritonea]  fluid  from  the  immunised  animal,  but  i 
not  take  place  if  the  peritoneal  fluid  has  been  kept  I  I   has 

been  heated  from  55    to  65°  C. — i.e.  inactivated.     Further,  t! 
shewn  that  inactivated  immune-serum  can  be  reactivated  bv  the  addition 
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of  freshly-drawn  serum  from  a  normal  (i.  e.  non-immunised)  animal.  From 
these  researches,  it  has  been  concluded  that,  in  order  to  bring  about 
bacteriolysis  in  serum,  at  least  two  substances  are  necessary.  One  of 
these  is  present  in  the  healthy  serum  of  an  uninoculated  animal,  and  is 
very  unstable,  being  easily  destroyed  at  a  temperature  of  from  55°  to 
65°  C,  and  also  by  exposure  to  light  and  air;  the  other  substance  is 
stable,  is  developed  during  the  process  of  immunisation,  is  more  or  less 
specific  in  each  case,  and  gives  to  the  antiserum  its  special  character. 
The  former  of  these  bodies  is  the  complement,  or  cytase,  or  alexin  :  the 
latter,  the  immune-body,  or  fixative,  or  amboceptor. 

TABULATED  SUMMARY  OF  THE  ABOVE  EXPERIMENTS 

Let  B.  =  bacteria  :    N.S.  =  serum  of  a  healthy  uninoculated  animal : 
l.S.  =  immune-serum. 

Note. — It  must  always  be  clearly  understood  that  the  immune-serum 
of  the  experiments  is  produced  by  injection  of  the  specific  bacterium 
which  undergoes  bacteriolysis. 
Experiment  1. 

B.  +  N.S.  (in  peritoneal  cavity  or  in  vitro)  =  No  Bacteriolysis. 
Experiment  2. 
B.  +  l.S.  (in  peritoneal  cavity  of  immunised  animal)  =  Bacteriolysis. 

Therefore,  in  I.S.,  there  must  be  one  or  more  bacteriolytic  bodies 
which  are  not  present  in  N.S.,  and  which  must,  therefore,  have  been 
developed  during  the  process  of  immunisation. 
Experiment  3. 

B.  +  l.S.  freshly  withdrawn  (in  vitro)  =  Bacteriolysis. 
Experiment  4. 
B.  +  l.S.  heated  (or  exposed  to  light,  etc.  (in  vitro) )  =  No  Bacteriolysis. 

Therefore,  l.S.  can  be  "  inactivated  "  ;    and,  by  this  process,  one  or 
more  of  the  bacteriolytic  bodies  must  be  destroyed,  weakened,  or  altered 
in  some  way. 
Experiment  5. 

But  B.  +  l.S.  ("  inactivated  ")  +  N.S.  (in  vitro)  =  Bacteriolysis. 

Thus,  "  inactivated  "  l.S.  can  be  "  reactivated  "  by  the  addition  of 
N.S. ;  but  N.S.  of  itself  cannot  produce  bacteriolysis.  From  this,  it 
necessarily  follows  that  there  must  be  at  least  two  bodies  concerned 
in  this  bacteriolytic  action  :  one  present  in  N.S. — the  complement ; 
and  one  in  l.S. — the  immune-body.  During  the  process  of  immunis- 
ation, the  immune-body  is  developed  and  gradually  increased  in  amount 
and  potency :  the  complement,  however,  is  not  altered.  It  is  present 
along  with  the  immune-body  in  fresh,  active  immune-serum,  Bimply 
because  it  was  present  in  the  serum  before  immunisation,  and  has 
not  been  destroyed  during  the  immunising  process,  t.  c.  it  is  a  normal 
constituent  of  the  serum  in  health. 

From  these  experiments,  this  formula  is  established  : — 

B.  +  LB.  (immune-body)  +  C.  (complement)  =  Lysis. 

It  has  been  shewn  that  this  law  is  not  peculiar  to  bacteria,  but  applies 
to  erythrocytes,  leucocytes,  and  various  other  cells  of  the  body,  though, 
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in  some  i  -t  with  absolute  by.     With  certain  h 

nut  take  place.    Thus,,  V>.  pesiisj  in  the  s  »wn  immune- 

scriiiii  and  complement,  may  be  killed  without,  at  any  rate,  rapid  1 
and,  in  the  case  of  staphylococci,  th  illy  neithex  bacfc 

nor  bactericidal  action. 

The  subject  h  studied  largely  in  connection  with  red  blot 

corpuscles;  and  the  hemolysins  corro]  m>i  id  closely  with  the  bacteriolysins, 
both  in  their  action  and  in  the  mechanism  of  theil  formation. 

HAEMOLYSIS.— K<  nt  work  on  the  differentiation  oi 

human  blood  into  types,  as  determined  by  agglutination  and  hsamol 

will  be  found  under  Diseases  of  the  Blood,  p.  571,  Special  Pathol 
The  blood-serum  of  some  animals  possesses  marked  powers  of  dissolving 
the  red  blood-corpuscles  of  certain  animals  of  another  Bpecies,  and  thus 
of  setting  free  their  contained  haemoglobin.    To  take  a  specific  example  : 

erum  of  a  healthy  goat,  mixed  with  the  erythrocytes  oi  a  rabbit  i 
a  guinea-pig,  brings  about  haemolysis.     Further,  if  an  animal  be  inje< 
with  the  erythrocytes  of  another  species,  its  blood-serum  may  gradually 
acquire  the    property    of    dissolving   the    red    blood-corpuscles    of    the 
animal  whose  blood   was  injected.     The  serum  of  a  normal  guinea-pig 
has  no  hemolytic  action  on  the  red  blood-corpuscles  of  the  rabbit ;  but,  if 
the  guinea-pig  receive  a  few  injections  of  defibrinated  rabbit's  blood 
blood-serum    rapidly  acquires    haemolytic    properties   and   dissolves  the 
red    blood-corpuscles  of  the  rabbit.     If  this  active  haemolytic  serum  is 
heated  at  56°  C,  it  loses  its  hsemolysing  power,  but  it  can  be  reactivated 
by  the  addition  of  fresh  serum  from  an  uninoculated  animal.     Normal 
serum,    however,    after    its    withdrawal,    soon    loses    its    reactivating 
power. 

The  parallelism  between  haemolysis  and  bacteriolysis  is  best  shewn 
by  a  series  of  experiments  analogous  to  those  given  on  p.  K>7. 

In  carrying  out  these  experiments,  a  3  or  a  5  per  cent,  suspension  of 
washed  red1  corpuscles  of  a  sheep  in  a  0-8  per  cent  solution  of  sodium  chloride 
is  generally  u 

Experim    t  1.     R.B.C.s  (sheep)      tf.S.  (guinea-pig)  =  Ho  Haemolysis. 
.,  2.     R.B.C.s    (sheep)  +   '  &    [guinea-pig    immunised    with 

corpuscles  of  a  sheep)  =  Haemolysis. 

Therefore  in  LB.  there  must  be  oi  lytic  bod 

Exjh  ritneni  '■'>.     R.B.(  l.fl  (sheep)  -f  [.8.  (inactivated)    ■  No  Haemolysis. 

Therefore  during  inactivation  one  or  more  of  the  hsunolytic  bodies 
must  it  roye  I. 

/.  i  l.     Et.B.C.fl    (sheep)       L8.    (inactivated)  +  N.8.    (guii 

j  —  Haemolysis. 

Tin:  II,   the    in.i<ti\  immune-smim  can   I 

activated  by  the  addition  of  normal  guinea-pig  serum. 

For  haemolysis,  therefore,  we  require  (i)  the  haemolytic  immune-body 
( ELI.B.)  which  i  a,  and  (ii)  the  oompta 

(C.)  of  normal  serum  (».  e.  R.B.C.s  +  H.I.B.  +  C.  =  Haemolysis). 
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By  the  injection  of  epithelial  cells,  or  other  tissue-cells  into  animals, 
epithelio-lysins  or  other  cyto-lysins  may  be  produced,  and  inoculation 
with  these  various  lyslns  or  toxins  gives  rise  to  another  important  set 
of  antagonistic  bodies — anti-lysins.  Animals  do  not  produce  antibodies 
(autolysins)  after  injections  of  portions  of  their  own  tissues,  but  can 
do  so — but  with  difficulty — when  cells  and  tissues  of  the  same  species 
of  animal  are  injected.  Cytolytic  serum  is  usually  toxic  on  injection,  and, 
in  vitro,  lysis  is  observed,  not  only  of  the  cells  by  which  the  serum 
was  produced,  but  also  of  cells  of  other  organs  of  the  same  species ; 
but  no  lysis  of  the  cells  of  the  organs  of  a  different  species  of  animal 
takes  place.  Neisser  and  Wechsberg  shewed  that  bacteriolysis  did  not 
take  place  in  vitro  if  excess  of  immune-body  was  present.  This  result. 
for  which  no  satisfactory  explanation  has  yet  been  offered,  is  not,  how- 
ever, obtained  in  haemolysis.  Normal  serum  is  bactericidal  to  a  number 
of  organisms,  and,  as  has  been  stated  alread}7,  it  may  also  be  hemolytic 
to  the  blood  of  other  species.  It  has  been  suggested  that,  in  these  cases, 
the  foreign  bacteria  or  blood-corpuscles  are  able  to  remove  from  the 
original  serum  an  immune-body  which  may  be  present,  and  attach 
it  to  themselves,  and  that  these  sensitised  bacteria  or  corpuscles 
(i.e.  bacteria  or  corpuscles  to  which  the  immune-body  has  in  some 
way  become  united)  are  lysed  by  the  complement  of  the  original 
serum.  Phenomena  analogous  to  bacteriolysis,  haemolysis,  and  other 
forms  of  cytolysis,  may  be  produced  against  certain  protozoal  parasites, 
e.g.  Trypanosomes  (Trypanolysis). 

COMPLEMENT  -  DEVIATION    OR    COMPLEMENT  -  ABSORPTION 
(BORDET-GENGOU  REACTION— WASSERMANN  REACTION) 

From  what  has  been  said  above,  it  is  obvious  that,  in  order  to  brine 
about  haemolysis  or  bacteriolysis,  an  homologous  immune-serum  and  a 
complement  are  necessary.  Thus,  if  red  blood-corpuscles  or  bacteria 
are  mixed  with  homologous  immune-serum,  and  complement  added  in 
proper  proportions,  haemolysis  or  bacteriolysis  will  take  place.  In  this 
experiment,  the  red  blood-corpuscles  or  the  bacteria  have  undergone 
.  because,  in  the  animals  previously  injected  with  them,  they  lead 
to  the  formation  of  the  specific  antibodies  contained  in  the  immune- 
serum.  Such  organic  substances  which  can  cause  the  production  of 
these  antibodies  are  called  antigens.  Besides  red  blood-corpuscles  and 
bacteria  mentioned  above,  various  toxins,  ferments,  tissue-cells,  proto 
and  other  parasites,  etc.,  have  this  power.  An  experiment  of  this 
nature  may  be  employed  to  determine — 

(a)  whether  an  unknown  sernni  is  speciiie  to  a  known  bacterium;  01 

(b)  whether    a    known    sernni    has     been    produced    by    an    unknown 

bacterium. 

If  ban  3  takes  place  when  the  unknown  serum  is  -.nixed,  in 

proper  dilution,  with  a  suspension  of  a  known  bacterium,  in  tin 
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of  free  complement,  then  the  serum  is  an  homoloj  e.  it  has 

been  produced  by  the  known  bacterium;  or, on  tl.  !.if  bac- 

teriolysis takes  place  when  a  known  scrum  is  mixed  with  an  unknown 

erium,  in  the  pn  implement,  then  the  bacterium  i 

have  been  identical  with  the  one  producing  the  serum. 

These  facts  may  be  represented  thus: — 

1.  Let  \\,  be  the  known  Bacterium,  and  s  the  unknown  Serum.     I 
the  mixtun  : 

B„  +  S,  +  C, 
if  lysis  occurs.  Sx  must  be  an  homologous  Berum  to  J»,.  or,  in  other 

words,  if  Bu  be  B.  typhosus,  then  S.  must  he  an  homologous  ant  i-t  vphoid 
serum;  or,  if  B„  be  Vibrio  cholera,  Sz  must  be  anti-cholera  serum. 

2.  Let  By  be  the  unknown   Bacterium,  and  Sj  the  known  Serum.     Jn 
the  mixture  : 

B,  +  S,  +  C, 

if  lysis  occurs,  Sb  must  be  the  homologous  serum  for  By,  and.  consequently, 
if  S6  is  a  known  anti-typhoid  serum,  By  must  be  B.  typhosus  ;  or,  if  8 
a  known  anti-cholera  serum,  By  would,  in  that  case,  be  Vibrio  cholera. 

To  take  a  specific  case  :  an  organism  is  isolated  which,  in  its  morpho- 
logical or  cultural  characters,  resembles  B.  typhosus ;  if  an  emulsion  of 
this  unknown  organism  is  mixed  with  a  definite  quantity  of  anti-typhoid 
serum,  in  the  presence  of  a  given  amount  of  free  complement,  and  complete 
bacteriolysis  results,  the  organism  in  question  is  identified  as  B.  typhi 
As  tti''  lysis  of  the  bacteria  is  not  easily  seen,  it  is  convenient,  in  e 
experiments,  to  use  an  indicator  which  will  make  the  reaction  quite 
obvious  to  the  naked  eye,  and,  for  this  purpose,  sensitised  red  blood- 
corpuscles  of  the  sheep  or  some  other  animal  are  used.  Sensitisation  is 
brought  about  by  exposing  the  corpuscles  to  the  action  of  an  homo- 
1  igous  hemolytic  immune-serum,  which  has  been  heated  to  55°  C.  in 
order  that  any  complement  which  this  scrum  may  contain  and  which 
would,  in  combination  with  it,  cause  haemolysis,  may  be  destroyed.  If, 
to  these  sensitised  corpuscles  in  saline,  a  sufficient  amount  of  free  com- 
plement  is   added.   Incmolvsis  takes   place,  the  hasmoglobin   IS  liberated. 

and  the  fluid  in  the  test-tube  becomes  clear  and  of  a  red  colour.    If, 

any  reason,  sufficient   complement   is  not   free,  haemolysis   will  not  take 
place,  and  the  fluid  in  the  test-tube  will  remain  colourless,  with  a  deposit 

<.i    red  blood-corpuscles  at  the  bottom.    The  al  ifficienl 

Complement,  in  these  reactions,  mav  be  due  to  the  fact   that  the  serum 
which  is   being  tested   may  itself  be  capable  of  absorbing  an   abnormal 

amount  "f  complement,  or  the  complement  may  have  been  fixed  by  an 
homologous  anti-serum  before  i1  I  with  t; 

red  blood-corpuscles. 

These  phenomei  bute  the  Bordet-Gengou  reaction,  and  on  I 

are  based  the  Wassermann  and  other  complement-fixation  tests. 


IMMUNITY  471 

A  few  illustrative  experiments  will  make  the  matter  clear  : — 

1.  A  bacterium  of  the  cholera  group  has  been  isolated,  and  we  wish  to 
establish  its  identity.  For  this  purpose,  we  require  cholera  anti-serum, 
sensitised  red  blood-corpuscles,  and  complement  from  a  healthy  animal. 
A  given  quantity  of  an  emulsion  of  the  bacterium  in  question  is  mixed 
with  a  given  quantity  of  cholera  anti-serum  and  a  given  quantity  of 
complement,  and  incubated  at  37°  C.  for  about  one  hour.  The  sensitised 
corpuscles  are  then  added,  and,  if  no  haemolysis  takes  place,  it  is  clear 
that  no  free  complement,  or  an  insufficient  amount  to  produce  haemolysis, 
is  present — or,  in  other  words,  that  the  complement  has  been  used  up, 
or  fixed,  in  the  original  mixture  (bacterium,  anti-serum  and  complement), 
because  the  anti-serum  is  an  homologous  one,  *.  e.  has  been  produced 
by  an  organism  identical  with  the  bacterium  being  tested,  and  which  can 
thus  now  be  identified  as  the  true  cholera  spirillum. 

If  haemolysis  does  take  place,  and  especially  if  it  is  complete,  then 
it  follows  that  the  complement  has  not  been  fixed  in  the  original  mixture, 
but  that  it  is  free  to  act  on  the  sensitised  red  cells,  and  therefore  the 
anti-serum  in  the  original  mixture  is  a  non-specific  (heterologous)  one, 
which,  in  the  presence  of  the  bacteria,  does  not  absorb  the  complement. 

2.  We  are  asked  to  decide  whether  a  serum  from  a  pa'ient  who  is  ill 
shews  evidence  that  the  infecting  agent  is,  say,  B.  typhosus :  in  other 
words,  whether  the  case  is  one  of  typhoid  fever.  Here,  for  the  necessary 
experiments,  we  require  the  suspected  serum,  the  sensitised  red  blood- 
corpuscles,  the  complement,  and  the  antigen  (an  emulsion  of  the  suspected 
organism — B.  typhosus).  The  suspected  serum  and  the  complement  are 
added  to  the  antigen  in  proper  proportions,  and  the  mixture  incubated 
at  37°  C.  for  about  one  hour.  Sensitised  corpuscles  are  now  added,  and 
the  mixture  incubated  for  one  to  one  and  a  half  hours.  If  haemo- 
lysis takes  place,  the  complement  has  not  been  firmly  fixed  during  the 
first  period  of  incubation,  and,  during  the  second  period,  being  still  free, 
it  becomes  attached  to  the  sensitised  corpuscles.  This  necessarily  implies 
that  the  suspected  serum  has  not  been  produced  by  the  specific  organism 
used  in  the  test,  for,  if  this  were  so,  the  serum  would  be  an  homologous 
one,  and  the  complement  would  have  been  used  up  in  the  production  of 
bacteriolysis,  which  would  necessarily  occur,  and  therefore  the  sensitised 
red  blood-corpuscles  would  not  shew  haemolysis. 

The  experiments  can  be  graphically  represented  thus: — 

1.  [(Antigen  (emulsion  of  bacteria)  +  Specific  Serum)  +  C] 

Incubate  one  hour. 

+  [Sensitised  cells  (R.B.C.s  +  H.I.B.)]  =  No  Haemolysis. 

In  tlrs   experiment,   the   complement   has   been   absorbed    by   the 

mixture  of  antigen  and  specific  serum. 
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2.   [(Antigen  +  non-Specific  Serum)    ; 
Incubate  one  hour. 

+  [Sensitised  cells]  =  Haemolysis. 

Eere  the  complement  is  not  absorbed  by  the  first   mixture,  ai 

available  to  read  on  the  Bensitised  cells  thus  : — 

Sensitised  cells  (R.B.C.s  +  H.I.B.)  +  C  =  Haemolysis. 

In  all  these  tests,  the  sensitised  mixture  is  made  up  of — 

(a)  Sheep-corpuscles,  thoroughly  freed  from  serum  by  washii 

saline  and  made  up  to  a  3  to  5  per  cent,  suspension  in  saline. 

(b)  The   heated   serum   of  a  rabbit  which  has    been   immunised    In- 

repeated  injections  of  red  blood-corpuscles  of  the  sheep. 

The  complement  is  usually  the  serum  from  a  freshly-killed,  healthy 
guinea-pig,  and  the  antigen  may  be,  as  in  the  experiments  given  ah 
bacteria  or  cells  of  various  kinds,  serum,  or  other  protein  bodies. 

For  the  YVasseimann  reaction  in  syphilis,  it  has  been  found  that  a 
satisfactory  antigen  may  be  obtained  from  either  human  or  guinea-pig 
heart-muscle,  cholesterol,  lecithin,  etc.,  and  that  it  is  not  necessary  to 
have  emulsions  of  Spirochata  pallida  or  of  organs  containing  it. 

bould  always  be  remembered  that  these  tests  are  quantitative, 
and  that  titration-experiments  and  various  controls  should  always  be 
carried  out  in  order  to  estimate,  in  any  given  case,  what  is  the  minimum 
lytic  dose  of  both  complement  and  immune-body.  The  amounts  of 
antigen  and  anti-body  must  bear  a  certain  ratio  to  each  other,  for  an 
excess  of  either  reagent  may  prevent  the  deviation  or  absorption  of 
complement.  There  is  also  evidence  to  suggest  that  the  number  of 
red  blood-corpuscles  in  the  sensitised  red-cell  mixture  is  of  importance, 
and    that    a    definite    standard    emulsion    of    red    corpuscles    should    be 

AGGLUTINATION  AND  AGGLUTININS.  The  serum  even  when 
considerably  diluted,  of  a  patient  Buffering  from  typhoid  fever  or  from 
Me  literranean  fever,  after  a  certain  period  of  the  illness  has  elapsed,  has 
the  power  of  causing  the  I  hese  dii 

ate  in  irregular  masses  or  ''clumps"  of  varying  size.    This   reaction 

period  after  recovery,  and  is  also  present   i 

ine -prophylaxis.     Similarly,  the  serum  of  animals  which  have  been 

immunised  by  repeated  injections  i  I  B  lriMus  (>n  Spirillum  cho 

or  other  organisms,  has  the  power  of  agglutinating  cultures  of  the  specific 
isms  with  which  the  immunisation  was  carried  out.    The  Bubstai 

in  the  serum  which  bring  about  this  reaction  are  known  as  agglutinins. 
These  agglutinins  seem  to  be  present  in  small  amount  in  normal  Berum, 
and   hence  the  importance  of  dilution   of  the  serum  in  estimating  their 
in  an  abnormal  amount.     The  specific  nature  of   these  b 


IMMUNITY  473 

has  been  questioned,  and  the  position  taken  up  by  Durham  is  probably 
correct,  viz.  that  the  anti-serum  may  not  only  agglutinate  the 
organism  with  which  it  has  been  prepared,  but  it  may  also  affect  allied 
species,  though  perhaps  not  in  such  high  dilution  or  to  the  same  extent. 
This  Group-reaction  is  distinguished  from  the  main  or  specific  reaction  by 
the  fact  that  the  "  Group-organisms  "  require  a  greater  concentration  of 
serum  to  agglutinate  them  than  does  the  specific  (homologous)  organism. 
This  differentiation  may  be  clearly  made  by  the  Castellani  reaction, 
which  depends  on  the  fact  that  the  homologous  organism  will  remove 
all  the  agglutinins  from  an  anti-serum,  whereas  allied  organisms  will 
remove  only  the  Group-agglutinins.  Thus,  an  anti-serum  produced  by 
an  organism  x  will  contain  agglutinins  for  x,  but  may  also  contain  agglut- 
inins which  will  attach  themselves  to  organisms  x±  and  x2 — allied  species. 
Now  if  this  anti-serum  be  treated  thoroughly  with  x,  all  its  agglutinin 
will  be  removed;  but,  if  it  be  treated  with  xl  or  x2,  only  a  small  part  of 
the  agglutinins  (the  Group-agglutinins)  may  be  removed.  It  is  clear  that 
x  is,  therefore,  the  homologous  organism  against  which  the  agglutinin  has 
been  developed.  The  value  of  the  agglutination -reaction  in  the  diagnosis 
of  typhoid  fever,  Mediterranean  fever,  etc.,  has,  we  think,  been  firmly 
established,  and  we  believe  that  the  inaccurate  methods  very  commonly 
employed  are  responsible  for  much  of  the  doubt  which  has  been  cast 
on  the  Widal-,  or,  as  it  should  be  termed  more  correctly,  the  Griinbaum- 
Durham  reaction.  A  sufficient  dilution  of  the  blood  before  it  is  brought 
in  contact  with  the  bacteria,  and  a  more  careful  measurement  of  such 
dilutions,  are  essential  for  the  obtaining  of  accurate  results.  Somewhat 
similar  or  analogous  agglutination-phenomena  occur  with  certain  animal 
cells,  for  example  red  blood-corpuscles.  The  origin  of  the  agglutinins, 
and  their  relation  to  immunity,  interesting  though  they  are,  must  be 
left  for  special  textbooks. 

PRECIPITINS— If,  to  the  filtrates  derived  from  fluid  cultures  of 
bacteria,  the  corresponding  anti-sera  are  added,  there  is  produced  a 
cloudiness  and,  later  on,  a  precipitate;  and,  similarly,  if  milk,  blood, 
white-of-egg,  or  other  rich  albumin-containing  substances  be  injected 
under  the  skin  or  into  the  peritoneal  cavity  of  laboratory-animals, 
bodies  are  developed  in  their  serum  which  have  the  power  of  pro- 
ducing a  precipitate  in  these  fluids.  These  bodies  are  the  precipitins. 
Thus,  if  an  animal  receives  several  injections  of  milk,  its  serum 
acquires  the  power  of  bringing  about  the  precipitation  of  casein  in  that 
milk;  or,  if  blood  is  injected,  the  serum  will,  if  added  to  the  blood  of  an 
animal  of  the  same  species,  bring  about  the  formation  of  an  opalescent 
ring  of  precipitate  at  the  junction  of  the  two  fluids.  The  specificity  of 
this  reaction  is  not  absolute,  but,  in  all  cases,  the  anti-serum  rea 
most  markedly  with  the  serum  of  the  species  employed  for  immunisation. 

This  reaction  has  been  employed,  and  is  extremely  useful,  in  medico- 
legal work,  especially  for  distinguishing  human  blood-stains  on  clothing, 
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anti-human   serum   gives   ■    very   pronounced   reaction   with 
human  blood,  a  Blighter  reaction  with  the  blood  of  the  anthropoid  i 
and  practically  n<  on  with  blood  of  other  i 

OPSONINS.-    Mainly  on  account  of  the  work  of  Wr  .  ly  of 

the  opsonic  power  of  the  blood  has  occupied  a  mount  of 

attention.     We  can  deal  with  it  only  very  shortly,  and  m 
practical  application  in  diagnosis  and  treat n. 

Medicine  and  Surgery.    Wright  has  shewn  that  norma]  human  serum 
may  have  no  bacteriolytic  effect  on  certain  organisms,  e.g.  Staphylo* 
'his  pestis,  and  Micrococcus  melitensis ;  and  yet  that,  at  the  e 
time,  there  is  a  marked  phag  of  these  organisms  by  the  lei. 

In  order  to  test  this  fact  more  fully,  he  separated  the  leu<  from  the 

serum,  and  washed  them  thoroughly  in  0*85  per  cent,  saline  solution 
that  all  trace  of  serum  might  be  washed  away.     These  washed  leucoc 
whose  ])ha'_r<>evtic  power,  when  mixed  and  incubated  with  emulshe 

beria,  was  now  almost   negative,  were,  still  in  the  presence 
of  the  same   bacteria,   mixed    with   the   serum  of   another  individual, 
and  the  mixture  incubated  for  about  fifteen  minutes.     The  leucoe 
now    markedly   phagocytic.     Further,    if   the   serum   was   he 
r>°  C.  before  it  was  mixed  with  the  leucocytes,  the  phagocytic  index 
verv  low.     To  obtain  this  phagocytic  index,  two  observations 
required,   i.e.  (i)  the  average  number  of  bacteria  ingested  by  a  given 
number — say  30,  50,  or  100 — normal  leucocytes  exposed  to  the  at 
of  the  serum   to  be  tested;   and  (ii)  the   average  number  of  bacteria 
similar  number  of  leucocytes  (from  the  same   source), 
exposed    under   identical   conditions    as   to   time,   temperature,    etc..   to 
the   action    of    normal    serum — best    mixed    or    "pooled"   from   several 
healthy    individuals.     The    ratio    between   these    average   numbers   con- 
fche  so-called  phagocytic  or  opsonic  index,  the  second  of  tl 
rvations  being  taken  as  unity.     Thus,  if,  in  the  former  observation, 
the  average  number  of  bacteria  ingested  was  found  to  be  eight,  and,  in  the 
r.  ten.  the  index  would   be   ,'„  of  unit;.  3.     If,  on  the  other 

umbers  had  been  found  to  be  ten  and  eight  respectively,  the 
index  would  be  9  ;eh  experin \i  m  to  shew  that ,  to  t he 

an  important  role  in  the  phenomenon  of  p! 
scribed.    Many  experiments  by  other  workers  have  confirmed  Wright'a 

rvations,    and    from   these    it    may    be   concluded    that,  though    the 

blood-serum  may  n<  cteriolytic,  it  must  in  some  way  modify  the 

bacteria,  render  them  an  easier  prey  f«-r  tl  This 

phenomenon  is  spoken  of  as  the  opsonic  effect,  and  the  subsfc 

the  serum  which  bring  it   about,  as  the  opsonins  (npsono—I  r,  or 

/  prepare  victuals  for). 

The  opsonin  of  normal  serum  thermo- 

labile,  and  can  usually  be  alm<             pletery  i  I  by  heath 

C.  f<»r  half  an  hour.     By  injecting  animals,  in  suitable  doses,  with 
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cultures  in  which  the  bacteria  have  been  killed  by  heat,  or  with  vaccines 
prepared  in  other  ways  (e.  g.  tuberculin),  the  phagocytic  power  of  the 
leucocytes  to  the  bacteria  with  which  the  vaccine  was  prepared,  appears 
to  be  raised,  or  the  bacteria  are  so  influenced  that  they  become  a  ready 
prey  to  the  leucocytes,  and,  thus,  the  protective  action  against  bacteria] 
infection  is  greatly  increased.  Experiments  by  Dean,  Robert  Muir.  and 
others,  seem  to  shew  that  this  immune-opsonin,  t.  e.  that  produced 
in  the  body  as  a  result  of  inoculation,  is,  unlike  the  opsonin  of  normal 
serum,  a  thermostable  body.  In  diseased  conditions,  the  opsonic  index 
may,  in  some  instances,  be  lower,  in  others,  higher,  than  normal,  and 
it  is  worthy  of  note  that,  both  in  healthy  and  diseased  persons,  the 
opsonic  index  may  vary  very  considerably  from  day  to  day,  and  even 
from  hour  to  hour  during  the  same  day.  Isolated  observations  are, 
therefore,  only  of  moderate  and  relative  value,  a  considerable  series 
being  required  for  the  adequate  study  of  the  phenomenon. 

AGGRESSINS.— Bail  found  that,  if  a  mixture  of  tubercle  bacilli  with 
sterilised  tuberculous  exudate  were  injected  into  the  peritoneal  cavity 
of  healthy  animals,  sudden  death  resulted ;  whereas  the  injection  of  each 
separately  had  no  such  effect.  He  therefore  assumed  that  something  in 
the  exudate  increases  the  virulence  of  the  micro-organisms,  and  to  this 
hypothetical  substance  he  gave  the  name  aggressin.  The  lymphocytic 
character  of  tuberculous  exudates,  Bail  suggests,  is  due  to  the  presence 
of  such  aggressins,  which  inhibit  the  migration  of  polymorphonuclear 
leucocytes,  and  so  act  upon  them  that  phagocytosis  is  prevented.  These 
ssins  are  said  to  be  endotoxins,  and  to  be  liberated  only  by  the 
destruction  of  the  bacteria;  and  the  fluids  containing  them  are  believed 
to  be  of  special  value  in  developing  immunity — at  any  rate  against  such 
organisms  as  the  hsemorrhagic-septicnemia  group. 

Therapeutic  Use  of  Antibacterial  Serum. — The  value  of  antibacterial 
sera  in  the  treatment  of  disease  is  still  a  much-disputed  question.  Many 
workers  hold  that  they  are  of  little  value.  We  have  emphasised  the  fact 
that  both  complement  and  immune-body  are  necessary  in  order  that 
bacteriolysis  may  take  place.  During  the  preparation  of  a  serum,  the 
immune-body  is  increased  considerably;  but  there  may  be  little,  or 
perhaps  no,  corresponding  increase  in  the  amount  of  the  complement. 
In  the  therapeutic  application  of  the  serum,  therefore,  immune-body  prac- 
tically alone  is  injected.  The  complement  of  the  patient  may  soon  become 
exhausted,  and  then,  no  matter  how  much  serum  is  injected,  it  can  have 
no  destructive  effect  upon  the  bacteria.  Further,  experiment  Beems  to 
shew  t  lint  t  lif  complement  of  one  animal  may  not  be  complementary  to  the 
Immune-body  of  an  animal  of  a  different  species:  that  the  immune-body 
and  the  complement  will  act  on  bacteria  only  if  present  in  certain  pn 
tions :  and  that .  if  one  or  other  of  these  is  in  great  excess,  no  bactericidal 
action  takes  place.    The  whole  subject  is  one  of  very  great  difficulty,  and 

we  do  not  consider  that  it  would  be  profitable  fco  disCUSfl  it  more  fully  here. 
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HYPOTHESES  AS  TO  THE  NATURE  OF  IMMUNITY 
hypotheses  put  forward  to  explain  the  phenomena  oi  immunity  ma} 
grouped  into  two  classes  : — 

1.  The  Cellular  hypothe 

2.  The  Serum  oi  Humoral  hypothec 

1.  The  Cellular  Hypothesis. — To  the  brilliant  work  oi  EKe  lietchnikoS, 
we  owe  our  knowledge  of  the  important  part  played  by  phagocytic  cells 
in  the  economy  of  nature.  When  bacteria  are  introduced  into  the  body 
of  an   animal,   whether  it   be  into  the   blood-Stream  OI  into  I   the 

e  bacteria  may,  in  a  short  time,  be  found  within  tin? 
cytoplasm  of  the  leucocytes,  especially  those  of  the  polymorphonui 
type.     According  to   Metchnikoff   and    his    pupils,   the    leucoc 
attracted  to  bacteria  (positive  chemiotaxis),  or  repelled  by  them  (negative 
cheniiotaxis).     In  the  majority  of  cases,  positive  chemiotaxi  ;  the 

leucocytes   are  drawn  towards  the  bacteria,  take  them  into  their  cyto- 
plasm, and  there  digest  them  by  means  of  an  enzyme — the  cytase  (sec 
under  Leucocytosis,  p.  600,  Special  Pathology).    These  phagocytic  cells 
produce  this  cytase,  but  it  is  not  excreted  by  them.    It  is  retained  in  the 
cell -reticulum,  and  is  found  free  in  the  serum  only  where  a  phagolysis, 
or  breaking-tip  of  these  phagocytic  cells,  has  taken  place.     This  < 
corresponds  with  the  complement  of  Ehrlich.    According  to  Metchnikoff, 
two    kinds    of    cytases    exist,    of    which    one — the    microcytase 
principally    on     micro-organisms;     the    other — the    macrocytase— acts 

tally  on  cells  and  other  elements  of  animal  origin.  The  mici 
is  principally,  if  not  wholly,  found  in  the  polymorphonuclear  leucoc 
and  is.  as  already  stated,  set  free  only  if  there  has  been  a  phagolysis. 
The  macrocytase  is  found  in  the  mononuclear  leucocytes,  endothelial  cells, 
and  is  also  retained  in  them.  In  the  serum,  the  immune-body  or 
fixative  is  free.  Whence,  then,  does  it  arise?  "There  exists  ...  a 
constant  relation  between  the  degree  of  phagocytosis  and  the  amount 
of  the  fixative  produced.     As  this  fixative  facilitates  the  a 

'Is.  and  as  the  resorption  of  these  elements  takes  place 

Specially  in  the  macrophages,  we  are   bound  to  come  to  the  conclusion 

that  the  fixative  is  a  second  phagocytic  ferment  which  is  produced  in 
abundance  during  the  |  ollular  digestion.    Only. 

emaining  in  the  Bubstance  of  the  j>!  j,  this  fixative  is  in  part 

thrown  out   from  the  ('lenient-.      It  the  plasma  of  the  blood 

and  into  the  other  fluids,  and  ends  by  disappearing  from  the  organism, 
probably  being  eliminated  by  th<  >ry  channels."1 

es  in  which  there  is  marked  active  immunity 

bacterium,  and  yet.  in  which,  the  serum  of  that  animal 

tericidal  powi  i  splained,  on  this  lr  ition 

that  the  immune-body  is  retained  within  the  leU( 

1  Immunity  RngKA  translation  by 

1\  i..  Binnie;  Cambridge  University  Press,  1905,  pp.  103  and  l«»i. 


IMMUNITY  477 

The  production  of  acquired  immunity  against  bacteria  means  simply. 
according  to  this  view,  that,  by  repeated  injections,  the  phagocytes  become 
much  more  active.  Their  positive  chemiotaxis  is  increased,  and  they 
acquire  the  faculty  of  digesting  micro-organisms  in  a  greatly  intensified 
degree.  With  this  increased  digestive  power,  there  is  necessarily  a 
ated  an  over-production  and  increased  excretion  of  fixative  or  immune- 
body.  Metchnikof!  maintains  that  the  fixative  or  immune-body  becomes 
attached  to  the  bacteria,  but  that  these  are  not  in  any  way  injured  by  it. 
They  are  ingested  by  the  phagocytic  cells,  and  digested  by  the  c\ 
of  these.  Extra-cellular  digestion,  if  it  takes  place  at  all,  does  so  only 
to  a  minimum  degree.  Natural  Immunity  is  explained  by  the  fact  that 
the  leucocytes  of  the  immune  animal  are  powerfully  phagocytic  to  the  in- 
vading organism.  The  immunity  against  toxins  is  more  difficult  to  explain 
on  this  hypothesis.  We  must  presume  that  the  leucocytes,  stimulated 
in  some  way  by  the  toxin,  are  the  producers  of  the  antitoxin.  The  macro- 
phages appear  to  be  chiefly  concerned  in  this  process.  It  is  extremely 
difficult  to  demonstrate  the  correctness  of  this  view,  and  we  must  simply 
state  that  Metchnikoff  puts  it  forward  as  a  hypothesis  or  "  guiding  idea 
for  new  researches,"  and  refer  our  reader  to  the  elaborate  experimental 
work  in  his  most  fascinating  book.1 

There  are  very  grave  objections  to  the  acceptance  of  this  phagocytic 
hypothesis  as  the  only  explanation  of  immunity.  Though  it  is,  no  doubt, 
true  that  an  active  phagocytosis  is  generally  a  favourable  sign,  yet,  in 
some  diseases,  e.g.  cerebro-spinal  meningitis,  an  active  phagocytosis  is 
seen  in  fatal  cases  and  in  those  in  which  there  is  very  little  evidence  of 
the  production  of  immunity.  Further,  no  conclusive  evidence  has  been 
brought  forward  that  complement  is  absent  from  the  blood-serum  in 
normal  conditions — though  this  may  be  explained  by  the  fact  that 
phagolysis  is  a  normal  process  always  taking  place  to  some  extent. 

2.  The  Humoral  Hypothesis. — Fodor  found  that  the  defibrinated  blood 
of  the  rabbit  was  capable  of  destroying,  in  vitro,  a  great  number  of  anthrax 
bacilli.  From  this  he  concluded  that  the  fluids  of  the  body,  by  their 
destructive  action  upon  certain  bacteria,  were  capable  of  conferring 
immunity  against  bacterial  disease.  Much  further  work  on  this  lino  was 
carried  out  by  Flllgge,  Nuttall,  and  von  Behring,  all  of  which  tended  to 
confirm  the  work  of  Fodor;  and,  as  a  result,  a  reaction  set  in  against  the 
phagocytic  hypothesis,  these  and  other  observers  maintaining  that  im- 
munity did  not  depend  in  any  way  on  phagocytosis.  1  >ut  was  wholly  due  to 
a  destructive  action  on  the  bacteria  by  the  fluids  of  the  body.  In  1887, 
Emmerich  vaccinated  rabbits  against  the  bacillus  of  swine  erysipelas, 
and  found  in  the  blood  a  very  powerful  antibacterial  substance.  To 
this  substance,  and  not  to  the  phagocytes,  he  attributed  the  acquired 
immunity.  Then,  Buchner  of  Munich  confirmed  Nut  tail's  observations, 
and  concluded,  from  a  series  of  experiments,  that  the  bactericidal  | 
of  the  blood  depends  on  the  presence  of  certain  albuminoid  substances, 

1  Loc.  cit. 
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to  which  he  gave  the  name  alexins.     Be 

acted  upon  the  bacteria,  and  that  the  pi  rried  off  - 

dead  bodies — natural  immunity,  aee<>rdin<_;  to  this  observer,  being,  therefore, 
due  to  the  presence  of  these  bactericidal  Bill 

ptible  animal  they  were  a  I  nut . 

In   artificial  immunity,  the   bactericidal   properties  of  the  serum  are 
accentuated   by  the   production,  dining  the  unmunising  |  i,  of 

bodies  (immune-bodies)  which  act  in  association  with  those  normally 

nt  (alexin  or  complement).  While  Buchner  and  otheis  admit 
that  the  alexin  is  a  Leucocyte-product,  Pfeiflei  and  his  Bchool  still 
maintain  that  the  bactericidal  substance,  which  they  do  not  identify 
with  alexin,  is  not  a  product  of  the  leucocytes.  It  would  not  be  profit- 
able to  enter  into  a  full  account  of  the  experiments  and  a: 
brought  forward  by  these  various  workers  in  support  of  their  sp- 
views.  It  must  suffice  here  to  say  that  the  general  conclusion  is  that, 
in  the  plasma  of  refractory  and  immunised  animals,  there  are  subst; 
which  have  an  injurious  action  on  bacteria  and  bacterial  products :  and 
that  these  substances  are  derived  from  the  leucocytes  or  from  various 
other  cells.  The  substances  may  correspond  with  the  alexins  of  Buchner, 
with  the  bactericidal  substance  of  Pfeiflter,  or  with  the  antitoxin  of  other 
observers.  Whether  this  protecting  body  is  a  secretion  from  the  cells. 
or  whether  it  is  a  substance  which,  according  to  Metchnikoff,  is  freed  only 
by  destruction  of  the  cell  (phagolysis),  for  our  purpose  matters  very  little. 
Basing  his  conclusion  on  the  staining  reactions,  etc.,  of  actively  functii 
cells  in  inflammatory  exudates,  one  of  the  authors1  has  concluded  that  the 
mononucleated  phagocytes,  when  actively  functioning,  discharge  into 
the  serum  a  nutritive  agent,  or  some  special  ferment,  or  an  antitoxic 
body;  and  further,  that  the  cells,  stimulated  by  the  bacteria  or  by  their 
products,  become  specially  active,  and  produce  a  substance,  whilst  still 
within  the  cell-body,  which  not  only  digests  included  bacilli  and  cells. 
but,  when  secreted,  brings  about  changes  in  the  blood-serum  which 
render  it  inimical  to  the  life  of  bacteria,  and  possibly  also  neutralises. 

chemical  combination  or  other  means,  toxic  bodies  already  circul- 
ating in  the  blood  or  lymph.  This  is  largely  in  accord  with  MetchnikofFs 
view;   but  W<  il  of  the  opinion  that  th 

altered  in  xune  way  before  the  pi  I  hem,  though  we  hav. 

the  least  doubt  that  the  phs  si  and  digest  living  bacteria. 

The  "  side-chain  theory  "  of  Ehrlich.— We  have  already  dealt,  it 
detail,  with  Ehrlichia  views  on  the  production  of  antitoxin;  bu- 
hypothesis   oi    the  development  of  antibacterial  is  somewhat 

similar,  it  will  be  necessary  to  refer  again  to  antitoxin-formation, 

to  deal  somewhat   more  fully  with  some  p<  i 

When    toxins   are   introduced    into    the  m,    according   to    this 

1  l.tMttir,  "The  Cefla  oi  [nflammatory  Exudations,"  Journal  of  Pathology  and 
Bacteriology,  1902,  pp.  1GS  and  16(J. 
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hypothesis,  they  are  "  fixed,"  by  means  of  their  haptophore  groups,  to  the 
"side-chains"  or  "receptors"  of  the  protoplasmic  molecules  of  the  cell- 
protoplasm.  The  toxophore  group  is  now  able  to  destroy  cell-protoplasm, 
and  the  symptoms  of  toxic  poisoning  follow.  If  the  cell  is  not  too 
seriously  damaged,  new  side-chains  are  developed  in  excess,  and  great 
numbers  are  "  cast  of!  "  and  appear  in  the  blood  and  other  fluids  of  the 
body  as  antitoxin.  A  toxin-molecule  cannot  injure  a  cell  unless  it  becomes 
attached  to  it  by  its  haptophore  arm,  and,  therefore,  in  the  presence  of 
antitoxin,  it  is  harmless,  because  its  haptophore  arm  becomes  linked  to 
the  antitoxin  which  encounters  it  while  both  are  free  in  the  serum.  The 
toxophore  group  of  the  toxin  is  still  intact,  but,  its  haptophore  group 
being  already  engaged,  the  toxin  cannot  become  anchored  to  the  cell, 
and,  therefore,  the  cell  is  protected  from,  or,  in  other  words,  is  immune  to, 

2 


Fig.  226. — Diagrammatic  representation  of  formation  of  Immune-Body. 

1.  Cell  with  increase  of  amboceptors,  some  of  which  are  cast  off  as  immune-body 

(amboceptor),  LB. 

2.  Free  immune-body  (LB.)  arresting  nutrient  molecule,  red  blood -corpuscle,  or 

bacterial  body  (F.),  and  combining  with  complement  (Co.).     F.  undergoes 
lysis  and  cell  remains  uninjured. 

its  action.  A  corresponding  explanation  is  given  for  immunity  against 
bacteria.  The  molecules  of  bacterial  bodies,  possessing,  as  they  do,  the 
same  chemical  composition  as  certain  food-elements  necessary  to  cell-life, 
e.g.  the  albumins,  may  come  to  act  as  food-stuffs  unsuitable  to  the  cells, 
and  may  use  up  the  protoplasmic  receptors  which  are  eligible  combining 
equivalents.  These  protoplasmic  molecules  are  physically  of  larger  size 
than  the  molecules  of  toxin,  and  their  combining  equivalents  in  the  cell 
are  of  a  different  kind.  These  receptors  (amboceptors)  have  two  combining 
affinities,  one  for  the  bacterial  body,  the  other  for  a  ferment — the  comple- 
ment— present  in  the  blood-serum.  One  affinity  of  these  receptors  be- 
comes linked  to  the  micro-organism,  and  the  other  to  the  complement. 
Thus,  the  micro-organism  is  brought  in  contact  with  the  complement, 
which  is  the  main  factor  in  causing  its  destruction.  During  the  pn 
of  immunising,  these  amboceptors,  which  are  normally  present,  are  pro- 
duced in  excess,  and  numbers  of  them  are  cast  off  into  the  blood-stream. 
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These   correspond   with  the   immune-body.     Without  the  intervention 

of   this    immune-body,   the    combination    of    the    eonipi-  with    the 

micro-organism  cannot  take  place,  because  the  rec<  t  the  micro- 

organism are  not  adapted  to  the  receptors  of  the  Complement. 

This  same  hypothesis  is  equally  applicable  to  the  case  of  haemolysis,  and 
cytolysis  in  general,  the  red  blood-corpuscles  or  other  cells  being  sub- 
stituted for  the   micro-organism.    Thus,  in   inimnne-senun   there   are 

ent  the  complement  and  the  immune-body,  which  act  in  combination 
with  one  another,  and  bring  about  destruction  of  the  b  hro- 

S  etc.     The  hypothesis  is  diagrammatically  represented  in  fig.  : 

The  complement,  by  means  of  its  haptophore  arm,  becomes  linked  to 
the  immune-body,  winch  is  already  attached  to  the  micro-organism,  or 
erythrocyte,  or  food-molecule.  In  this  way,  the  toxophore  group  of  the 
complement  becomes  united  with,  and  is  enabled  to  act  upon,  the  micro- 
organism, etc..  and  causes  its  lysis. 

It  can  be  shewn  by  the  following  experiments,  in  vitro,  that  the  immune- 
body  becomes  "  fixed  "  to  the  micro-organisms,  or  to  the  red  blood- corpuscles, 
or  to  certain  of  the  normal  food-molecules  (e.  g.  proteins)  : — 

Experiment  1. — The  immune-serum  (I.S.)  of  a  goat,  which  has  been  im- 
munised by  injections  of  the  blood-corpuscles  of  a  sheep  (R.B.C.s),  is  h< 
to  55°- 60°  C.  in  order  to  destroy  the  complement.  This  heated  immune- 
serum  is  mixed  with  the  red  blood-corpuscles  of  a  sheep,  and  kept  at  a  tem- 
perature of  37°  C.  for  fifteen  minutes,  and  then  centrifugalised.  The  super- 
natent  fluid  is  removed  from  the  deposited  red  blood-corpuscles.  The  fluid 
portion  and  some  complement  is  now  added  to  "untreated"  red  blood- 
corpuscles  of  a  sheep,  but  no  hemolysis  takes  place.  If,  on  the  other  hand, 
complement  is  added  to  the  deposited  red  blood-corpuscles  in  the  original 
tube,  haemolysis  occurs. 

These  facts  may  be  represented  thus  : — 
(a)  Fl.  -f  untreated  R.B.C.s  (sheep)  -f  C.  (normal  goat-serum)  =  No  Haemolysis. 
(Fl.  represents  the  heated  immune-serum  from  which  the  treated 
R.B.C.s  have  been  removed). 
(6)  Treated    R.B.C.s    (sheep)  -f  C.    (normal    goat-serum)  =  Haemolysis. 

From  this  experiment,  it  follows  that  the  immune-body  is  not  present  in  the 
heated  immune-serum,  i.e.  in  the  fluid  removed  after  centrifugal  i  sat  ion.  but  it  is 
nt  with,  and  probably  attached  to,  the  deposited  red  blood-corpuscles. 

A  t  2. — The  immune-serum  of   the  goat  (I.S.)  used  in  the  last 

experiment  is  again  inactivated  by  heat.    The  cor;  of  a  norma]  sheep 

(  R.  1 1  mixed  with  the  complement  of  a  normal  goat  and  centrifugal 

BO  that  the  corpuscles  (""  treated  "  R.B.C.S  (she-  :n  separated  from 

the  Berum  (Fl.). 

"Treated"  R.B.C.a  (sheep)  +  I.S.  (inactivated)  =  Ho  Haemolysis;  but 
Fl. -f-  "  treated  "  R.B.C.a  (sheep)  +  I.S.  (inactivated)  =  Haemolysis. 

In  both,  the  [.B.  is  present;  but  the  complement  only  in  the  latter — and, 
therefore,  it  must  be  in  Fl.,  and  not  attached  to  "  treated  "  R.B.C.a  (sh< 

On  the  question  of  the  specific  nature  of  immune-body  and  complement. 

and  the  existence  of  complementoids  or  weakened  complements, 

only  say  that  Ehrlich  maintains  that  tl.  multiplicity  of  immune- 

bodies,  and  probably  also  of  complements.     Bordet,  on  the  other  hand, 
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holds  that  there  is  one  kind  of  complement  only,  while,  as  has  been 
already  stated,  MetchnikofE  is  of  opinion  that  there  are  two  complements — 
the  micro-  and  the  macro-cytase.  The  presence  of  complementoids,  or 
complements  with  diminished  cytotoxic  properties,  seems  also  to  be 
established,  but  the  subject  is  one  of  too  great  complexity  to  enter  into 
here. 

ANAPHYLAXIS 

Anaphylaxis. — Repeated  injections  of  certain  substances,  such  as 
bacteria  and  their  toxins,  animal  poisons,  and  a  great  many  foreign 
proteins  such  as  milk,  egg-albumin,  etc.,  even  in  ordinarily  non-toxic 
doses,  may  be  followed  by  marked  constitutional  and  even  fatal  symptoms. 
These  symptoms  are  not  due  to  a  cumulative  effect  of  the  repeated 
injections,  but,  apparently,  these  injections  produce  a  supersensitive- 
ness  in  the  inoculated  animal.  This  supersensitive  condition  is  of 
great  practical  importance  in  the  process  of  serum -treatment,  as  alarming 
symptoms  may  not  uncommonly  develop  after  an  injection  of  anti- 
toxic or  other  serum.  It  has  been  shewn  that  a  minute  dose  of  diphtheria- 
or  tetanus-toxin,  followed  by  an  ordinary  average  dose  at  a  suitable 
interval,  may  be  attended  by  serious,  or  even  fatal,  results.  Richet, 
investigating  such  conditions,  found  that  a  certain  time-interval  between 
the  injections  was  necessary,  and  that,  after  the  second  injection,  the 
symptoms  appeared  very  suddenly — the  animal  having  apparently  been 
rendered  sensitive  by  the  first  injection.  To  the  condition,  Richet  applied 
the  term  Anaphylaxis,  or  supersensitiveness. 

A  great  deal  of  research  has  been  carried  out  on  this  subject,  and  we 
give  here  only  a  very  brief  account  of  it.  If  a  guinea-pig  is  inoculated 
subcutaneously  with  a  minute  dose,  say  0*001  or  O'OOOOl  c.c,  of  horse- 
serum,  and,  after  an  interval  of  from  ten  to  fourteen  days,  receives  another 
injection  of,  say,  5  c.c.  of  the  same  variety  of  serum,  the  animal  will 
exhibit,  almost  immediately,  restlessness,  followed  by  evidence  of  collapse, 
incontinence  of  urine  and  fseces,  embarrassed  respiration  and,  perhaps, 
death. 

If  the  second  injection  is  given  before  the  anaphylactic  state  has  been 
established — i.  e.  some  time  before  the  tenth  day — the  animal  does  not 
develop  any  special  symptoms,  and  it  apparently  becomes  insusceptible 
to  further  injections  of  small  doses  over  a  considerable  period  of  time. 

Further,  when  the  anaphylactic  state  has  been  established,  serious 
symptoms  may  not  be  developed  if  the  second  injection  is  a  small  one, 
nor  afterwards,  if  the  increase  is  gradual. 

Besides  this  active  anaphylactic  shock,  there  is  a  passive  form  of 
anaphylaxis.  Thus,  if  a  certain  amount  of  the  serum  from  an  anaphyl- 
actic guinea-pig  be  injected  into  a  healthy  animal,  it  will  become 
anaphylactic,  and  the  characteristic  symptoms  will  appear  if  a  sufficient 
dose  of  the  same  variety  of  serum  is  injected. 
81 
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The  active  or  direct  anaphylacl 
of  tame,  even,  it  is  said,  I  ;  and,  id  ition 

of  horse-serum  01  other  protein  may  ■_  m  all  of  the 

symptoms  of  anaphylai 

This  phenomenon  of  anaphylaxis  is  probably  of  the  same  nan, 
the  saperaensitivenesfl  winch  is  exhibited  by  tuberculou  i  the 

action  of  tuberculin.  OI  by  animals  infected  with  glanders  to  ti. 

of  maUein,  and  it  also  corresponds,  in  the 

Bupersensitiveness  of  certain  individuals  to  the  ingestion  of  Bhell-fish, 

iin  fruits  and  other  foods. 
We  do  not   propose  to  deal   with  the   various   hypothec's  which   have 

been  put  forward  to  explain  this  phenomenon.    There  seems  little  doubt 
that  the  supersensitive  condition  plays  an  important  part  in  the  cln 

manifestations  of  many  diseases.  Hay-fever  may  !»«■ 
acquired  anaphylaxis  to  a  vegetable  protein,  and,  possibly,  eclamptic 
symptoms  may  be  a  sequel  to  an  anaphylactic  condition  which  has  been 
produced  by  the  absorption  of  proteins  from  the  placenta.  Serum-disease 
in  man  is  a  definite  example  of  anaphylaxis.  In  this  condition,  in  a 
greater  or  less  degree,  depending  on  the  seventy  of  the  reaction,  we  find 
tenderness  at  the  site  of  injection,  urticarial,  erythematous  or  morbilliform 
eruptions,  pyrexia,  oedema,  slight  albuminuria,  pains  in  the  joints,  i 
convulsions,  and  even  death. 

DESENSITISATION.— The  inoculation  of  serum  for  therapeutic  pur- 
poses is  now  so  common  that  it  is  important  to  realise  the  risks  of  anaphyl- 
actic shock,  and,  in  cases  where  supersensitiveness  is  probable.!  iti>e 
the  patient,  if  possible,  before  giving  large  doses  of  serum.  This  super- 
srhMiiveness  is  specially  liable  to  occur  in  patients  who  are  Bubjed 
to  asthma,  hay  fever  and  other  diseases,  and  may  also  be  found  in 
those  who  have  had  previous  serum-inject  ions.  1  be 
demonstrated  by  injecting  a  small  quantity,  Bay  0*25  C.C.,  of  sterile 
•-serum  into  the  dermis.     In  positive  cases,    a    local  urticarial   rash 

appears  within  five  to  thirty  minutes.     I  »■  ion  may  be  brought 

about  by  giving  initial  small,  and  then  gradually  incn 

erum.     Thus,   in   the   treatment  of   pneumonia.  American    I 

•commend    an    initial  desensitisi  i   serum 

given  Bubcutaneously  and  the  doubling  oi  t hi-  .    half  hour. 

i.  if  no  reaction  is  obtained,  the  serum  is  given  intravenously  with 
gradually    ii  i  Variation    in    dosage    and    prooedun 

demanded  in  different   diseases,   but  tl  dple  should    be 

followed  in  all  ci  n ion  of  s.-rum  should  always  be 

Carried  out  slowly  and  with  caution. 


CHAPTER  XIII 

FEVER 

This  term  is  very  commonly  used  to  imply  merely  a  rise  of  tempera- 
ture, but  we  prefer  to  use  the  word  in  its  much  wider  significance  as  imply- 
ing a  disorder  in  which  the  rise  of  temperature  is  only  one  feature.  The 
temperature,  the  wasting,  the  alterations  in  secretion  and  absorption, 
etc.,  constitute  the  "  fever  "  and  may  be  all  produced  by  the  action 
of  some  specific  agent,  e.g.  bacteria;  and  it  is,  therefore,  obvious  that 
the  rise  of  temperature,  though  an  important  and  very  obvious  indication 
of  the  action  of  some  infective  agent,  in  the  majority  of  cases,  is  never- 
theless only  one  manifestation  of  that  action. 

The  micro-organisms  or  other  infective  agents  multiply  in  the  body, 
and  there  produce  toxins  or  other  poisonous  substances  which  act  on 
the  various  organs  and  tissues,  producing,  through  the  nervous  system, 
a  contraction  of  the  cutaneous  blood-vessels  and  a  pallor  of  the  skin. 
The  loss  of  heat  is  thus  diminished,  and,  in  many  cases,  on  account  of  an 
increased  metabolism,  directly  due  to  the  poisons  which  are  circulating,  its 
production  is,  at  the  same  time,  increased,  and  the  internal  temperature 
rises.  The  various  tissues  respond  to  the  infection ;  and  antagonistic  bodies 
are  produced,  which  not  only  neutralise  the  poisons  which  have  stimulated 
their  production,  but  also,  in  certain  cases  at  any  rate,  act  directly  by 
inhibiting  or  destroying  the  infective  agents  themselves.  Different  in- 
fective agents  have  varying  powers  of  stimulating  the  production  of  anti- 
bodies, and  this  fact  accounts  for  the  varied  course  which  is  run  by  febrile 
diseases.  It  would  be  well  if  the  term  Pyrexia  could  be  used  generally  to  in- 
dicate merely  the  rise  of  temperature  which  occurs  in  most  forms  of  fever. 

PYREXIA. — A  rise  of  temperature  is  no  special  indication  of  the 
severity  of  an  infective  disease,  for  a  patient  with  a  low,  even  a  sub- 
normal, temperature  may  be  much  more  seriously  ill  than  a  patient  with  a 
high  temperature.  Further,  there  are,  between  individuals,  variations  in 
reaction  to  different  infective  agents:  and  different  quantities  of  the 
same  infective  agent.  A  mild  infection  in  a  child  may  give  a  very  intense 
reaction,  and  this  may  be  shewn  by  a  very  high  temperature;  whereas 
a  much  more  severe  infection  in  an  adult  may  produce  comparatively 
little  reaction.  Therefore,  we  do  not  attach  much  importance  to  such  a 
classification  as  the  following  given  by  Wunderlich1: — 

Slight  fever :  100-4°  to  10M2°  P.  (38°  to  384°  C). 

Moderate  fever  :  101'3°  to  102'2°  F.  (38'5°  to  39°  C.)  in  the  meaning 
and  rising  to  103'1°  F.  (39*5°  C.)  in  the  evening. 

1  General  Pathology,  lVnihn  v  and  Ritchie,  1913,  p.  537. 
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Considerable  fever:  103-1°  P.  (39-5°  C.)  in  the  morning  and  104     F. 

(40°  C.)  in  the  e 
High   fever:    1031°  F.  (395°  C.)  in  the  morning  and  104-9°  F. 

(40*5°  C.)  in  the  evenii 

Hyperpyrexia  :  107-6°  F.  (42°  C.)  or  more. 

Such  tables  have  the  further  disadvantage  that  the  actual  tempera- 
ture at  different  parts  of  the  body  may  vary.  Thus,  the  temperature  in 
the  rectum  may  not  be  the  same  as  the  temperature  in  the  mouth  if  taken 
under  ordinary  conditions;  the  temperature  at  one  time  of  the  day  may 
not  be  the  same  as  at  another,  or  on  one  day  of  the  disease  as  on  another. 
Therefore,  if  exact  information  is  to  be  obtained,  the  temperature  must 
be  taken  at  regular  times  and  always  at  the  same  part  of  the  body ;  and, 
until  practitioners  adopt  a  uniform  method  and  more  exact  procedure, 
no  classification  such  as  that  given  above  is  of  much  value.  It  is  useful, 
however,  as  a  general  indication  of  the  reaction  of  the  tissues  to  infection. 

During  the  course  of  many  infective  diseases,  the  temperature-chart 
and  the  general  condition  of  the  patient  give  indication  of  the  invasion 
of  the  body  by  pathogenetic  organisms.  This  is,  perhaps,  most  typically 
illustrated  in  the  case  of  malaria,  in  which  disease  the  patient  feels  cold. 
shivers  and  may  have  well-marked  rigors,  the  teeth  may  chatter,  the 
lips  become  blue,  the  arms  and  legs  cold,  and  "goose-skin"  may  be 
present.  During  this  period,  the  internal  temperature  is  rising  rapidly, 
reaching,  within  fifteen  to  twenty  minutes,  104  or  105°  F.  If  the  blood 
is  examined  during  this  stage,  only  young  parasites  may  be  found,  or 
there  may  be  some  fully -segmented  ones.  Gradually,  the  shivering 
ceases,  and  the  sensation  of  heat  becomes  more  and  more  pronounced, 
until  the  patient  feels  burning  hot.  During  tins  hot  stage,  which  may 
last  four  or  five  hours,  the  temperature  reaches  its  maximum,  and, 
associated  with  this,  there  is  very  marked  breaking  up  of  schizonts  into 
the  young  merozoite-parasites. 

The  hot  stage  is  succeeded  by  the  sweating  stage,  when  the  tempera- 
ture falls  rapidly,  and,  in  some  cases,  becomes  normal  or  even  subnormal. 

These  three  stages  may  be  noted  in  many  fevers,  though  they  may 
not  be  pronounced.  The  ushering  in  of  the  disease  by  a  rigor  is  very 
con m ion,  but  sometimes  the  first  stage  may  be  one  of  marked  depression, 
and,  in  children,  not  uncommonly,  the  rigor  is  replaced  by  a  convulsive 
seizure.    In  all  cases,  however,  the  rise  in  the  temperature  is  in  the 

internal  parts  of  the  body,  and  the  skin  niav  feel  quite  cold. 

During  the  second  stage — that  of  pyrexia — which  may  last  only  a 

few  hours  (as  in  malaria),  a  few  days  (as  in  pneumonia),  or  several  W( 
(as  in  typhoid  fever),  the  temperature  reaches  its  maximum,  the  skin  at 
this  eling  very  hot. 

The  third  stage — that  of  reduction  of  the  temperature— may  1" 
suddenly  and  proceed  rapidly.     Thus,  in  pneumonia,  the  temperature 
may  fall  several  degrees  in  a  few  hours.  buting  the  so-called  crisis 

(fig.   227).     In  other  cases,  the  termination  may  be  by  lysis  (fig.  228), 
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the  temperature  falling  gradually,  generally  rising  again  and  then  falling 
slowly  to  or  below  the  normal.  In  other  diseases,  e.g.  tuberculosis, 
typhoid,  etc.,  the  temperature  may  swing,  the  successive  rises  often 
occurring  in  the  evenings,  and  the  falls  taking  place  in  the  mornings. 

The  type  of  pyrexia  in  different  diseases  is  naturally  not  uniform, 
because  the  different  causal  agents  may  have  different  actions  on  the 
tissues,  e.g.  certain  bacteria  cause  the  production  of  antibacterial 
substances  in  considerable  quantities,  whereas  others  have  a  very  feeble 
action  in  this  respect.  These  antibacterial  substances  vary  in  their 
constitution  and  action,  and,  at  present,  comparatively  little  is  known 
as  to  their  functions.  In  pneumonia,  there  seems  little  doubt  that 
substances  are  developed  in  large  amount  which  antagonise  the  poisons 
produced  by  the  Pneumococcus,  if  they  do  not  actually  destroy  the 
organism  itself.  These  substances  are  developed  rapidly.  During  their 
production,  the  temperature  remains  continuously  high — the  so-called 
continuous  fever  (fig.  228)  exists;  but,  when  their  development  has 
reached  a  certain  stage,  the  bacterial  activity  ceases  and  the  temperature 
falls  suddenly.  The  considerable  leucocytosis,  which  occurs  in  favour- 
able cases  of  pneumonia,  is,  no  doubt,  in  some  way  associated  with  the 
production  of  these  antibacterial  bodies — opsonins,  agglutinins,  etc. 

In  other  infective  diseases,  such  as  typhoid  fever,  the  protective  sub- 
stances are  developed  more  slowly,  and  this  probably,  in  part,  accounts 
for  the  more  gradual  fall  of  temperature. 

Again,  the  very  fact  that  certain  strains  of  bacteria  stimulate  the 
production  of  more  active  or  more  abundant  protective  bodies  than  do 
others,  accounts  for  the  irregularities  which  occur  in  the  temperature- 
curve  in  different  cases  of  the  same  disease ;  though,  no  doubt,  this  is 
also  due  to  varying  susceptibility  in  different  individuals,  and  also  to 
the  functional  activity,  or  otherwise,  of  the  tissues  which  are  the  producers 
of  the  protective  substances. 

With  some  diseases,  such  as  tuberculosis,  the  temperature-curve  is 
usually  very  irregular — the  daily  variation  being  often  a  degree  or  more. 
It  is  difficult  to  explain  all  such  cases  of  remittent  fever  (fig.  229),  but, 
in  some  of  them  at  least,  the  protective  bodies  are  very  feeble  and 
very  slowly  developed ;  the  bacteria  multiply  in  localised  areas,  and 
the  products  of  growth  are  poured  out  into  the  body  irregularly. 

Intermittent  (fig.  232),  recurrent  and  relapsing  fevers  (fig.  231)  are 
generally  to  be  accounted  for,  either  by  a  coincidence  between  the  fever 
and  the  developmental  stages  in  the  causal  organism,  or  by  variations 
in  the  production  of  protective  substances.  Thus,  as  has  been  already 
noted  in  malaria,  the  stage  of  high  temperature  corresponds  with  the 
breaking-up  stage  of  the  schizonts.  When  this  la  completed,  the  temper- 
ature falls;  and,  when  it  again  occurs,  on.  say,  the  second  or  the  third 
day,  in  the  simple  tertian  and  quartan  types  respectively,  the  temper- 
ature again  rises;  and,  this  alternate  rise  and  intermission  goes  on  until 
the  parasite  is  destroyed,  or,  at  any  rate,  until  its  activity  is  at  an  end. 
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Malta  Fever  has  an  inegnlai  temperature  curve,  consisting  of 
intermittent  waves  or  undulations  oi  pyrexia  of  a  distinctly  remittent 

type.      These   undulations   last   for  from   one  to   three  with  an 

apyrexial,  or  a  less  intense  pyrexial,  interval.    Such  a  type  <»f  I 

has  been  called  undulant. 

In  relapsing  fever  (fig.  231),  due  to  infection  with  Sp.  recurrentis,  the 
temperature  rises  as  the  parasites  increase  in  number,  and,  when  this 
increase  has  reached  its  maximum,  the  nun,  iin  become  redu 

and,  coincident  with  this,  there  is  a  fall  in  temperature.     It  is  generally 
held  that  protective  bodies  are  developed  during  the  attack,  tl 
check  the  development  of  the  spirilla,  and  that  a  fresh  attack  if 
the  decrease  or  disappearance  of  these  bodies. 

In  bacterial  diseases,  it  is  not  so  easy  to  trace  a  definite  connection 
between  the  infecting  agents  and  the  rise  and  fall  of  temperature;  but 
there  is  little  doubt  that  this  exists,  and  it  is  well  known  that  the  viru- 
lence, e.  g.  of  the  pneumococcus,  is  considerably  lessened  after  the  period 
of  crisis  in  that  disease  has  occurred. 

Fortunately,  most  medical  men  now  recognise  that  Pyrexia  of  itself  is 
only  a  symptom,  and  that  it  is  consequent  on  those  tissue-reactions, 
which  are  generally  considered  as  having  for  their  object  the  destruction 
of  the  infective  agent  and  its  products.  These  reactions,  if  not  unduly 
excessive  in  degree,  are  favourable;  and,  therefore,  the  indiscriminate  use 
of  antipyretics,  merely  to  reduce  the  temperature,  is  not  only  undesirable, 
but  may  be  dangerous ;  for  we  know  little  of  the  action  of  these  drugs  on 
the  protective  substances,  and  the  actual  increase  of  temperature  per  se 
may  be  a  factor  in  the  greater  or  more  energetic  production  of  antibo 

The  following  temperature-charts  will  illustrate  some  of  the  points 
to  which  reference  has  been  made  : — 
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Fig.  228. — Temperature-chart  in  Enteric  Fever,  shewing    gradual  rise 
continuous  fever,  then  gradual  fall  by  "lysis." 
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Fig.  229. — Temperature-chart  from  a  case  of  Leucocythsemia, 
shewing  remittent  type  of  fever. 


Fig.  230. — Portion  of  the  Temperature-chart  of  a  Boy,  aged  5,  the  subject  of 
Tuberculous  Peritonitis,  shewing  a  "swinging  "  type  of  Temperature. 
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Fig.  231. — Temperature  in  Relapsing  Fever. 
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Quotidian. 


Tertian. 


Quartan. 


Fig.  232. — Intermittent  type  of  Temperature  in  the  different 
varieties  of  Malaria. 


Daily  Temperature.— The  healthy  man  shews  a  daily  variation  of 
temperature — it  is  higher  during  the  day,  and  especially  when  the  man 
is  actively  employed,  than  it  is  during  the  night.  Thus,  the  maximum 
daily  temperature  is  about  99*5°  and  the  minimum  96*5°;  but,  for  all 
practical  purposes,  we  assume  that  the  average  is  98*6°,  and  this  we  regard 
as  the  normal  temperature.  The  daily  variations  are  due  to  various 
causes,  but  there  is  no  doubt  that  the  activity  of  the  tissues  is  the 
important  factor.  Thus,  during  muscular  work,  the  maximum  is  reached ; 
whereas,  during  sleep,  the  lowest  temperatures  are  recorded.  Mere  rest 
in  bed  lowers  the  temperature,  and  it  has  been  shewn  that  restlessness 
is  accompanied  by  increased  combustion  and  a  corresponding  rise  of 
temperature.  In  experimental  work  on  the  lower  animals,  it  has  been 
proved  that  there  is  a  rise  of  temperature  during  exercise;  but  many  of 
the  results  obtained  in  man  have  been  discordant.  This  is  probably  due 
largely  to  the  fact  that  the  temperatures  are,  in  many  cases,  taken  in  the 
mouth,  where,  undoubtedly,  variations  do  occur  from  various  causes. 
Pembrey  has  shewn  that  the  temperature  of  the  mouth  may  be  falling 
while  that  in  the  rectum  is  rising:  and  that,  when  exercise  is  finished, 
the  rectal  temperature  returns  rapidly  to  normal,  or  becomes  i 
subnormal. 

The  Effect  of  Food. — It  is  somewhat  difficult  to  estimate  the  influence 
of  the  taking  of  food  upon  temperature.  There  is  usually  a  Blight  rise — 
at  all  events,  if  the  temperature  is  taken  in  the  mouth — but  this  may 
be  due  largely  to  increased  muscular  activity  during  mastication  and  to 
increased  activity  of  the  salivary  glands.  Investigation  of  the  problem 
of  the  body-heat  of  a  fasting  man  shews  that  the  daily  variation  during 
is  very  similar  to  that  of  a  well-fed  man;  and.  during  rest,  the 
difference  between  the  two  is  not  appreciable.     No  doubt  the  prodm 
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of  heat  by  the  fasting  man  means  a  combustion  of  his  reserve  material ; 
but  he  is  able  to  adjust  the  balance  between  the  production  and  loss  of 
heat  in  such  a  way  that,  though  he  may  not  be  able  to  resist  the  action 
of  cold  so  well  as  the  man  who  is  feeding  satisfactorily,  yet  the  thermo- 
meter shews  practically  no  variation  in  temperature  between  the  two, 
or,  at  any  rate,  only  a  variation  which  can  be  accounted  for  by  the 
difference  in  weight  or  in  area  of  body-surface. 

The  Effect  of  External  Temperature  and  Moisture. — Though  the 
temperature  of  the  healthy  man  varies  only  about  a  degree  or  so,  wThether 
he  be  living  in  the  tropics  or  in  the  more  temperate  regions,  yet  his 
capacity  for  resisting  changes  of  external  temperature  is  comparatively 
limited.  The  occurrence  of  suffering,  and  even  deaths,  during  a  pro- 
longed heat-wave  or  cold  spell,  is  well  known.  No  doubt  the  artificial 
conditions  in  which  civilised  people  live,  are  partly  responsible  for  this, 
for,  in  many  cases,  the  cause  of  the  suffering  is,  not  the  degree  of  heat, 
but  the  unsatisfactory  surroundings,  the  unsuitable  dress  and  food,  the 
special  conditions  of  work,  and  so  on.  The  power  of  proper  regulation 
betwreen  heat-production  and  heat-loss,  which  is  possessed  by  the  healthy 
man,  requires  time  for  accommodation ;  and  this  accommodation  may 
be  hindered  by  the  adverse  circumstances  and  conditions  mentioned 
above. 

Further,  the  power  of  regulation  is  limited,  and,  therefore,  muscular 
work  should  preferably  be  less  active  in  hot  climates  than  in  temperate 
ones,  and  in  summer  than  in  winter,  or  too  great  a  strain  wrould  be 
thrown  on  the  he  at -regulating  mechanism. 

Very  numerous  experiments  have  shewn  that  it  is  not  the  absolute 
temperature  which  is  responsible  for  so-called  "  heat-collapse,"  but  the 
heat  combined  with  moisture  and  stagnation  of  the  atmosphere.  Any  one 
who  has  lived  in  the  tropics  knows  that  he  may  feel  comparatively  com- 
fortable with  a  very  high  reading  of  the  thermometer,  if  the  atmosphere 
is  dry;  but  that  he  may  feel  very  uncomfortable  and  hot  in  a  moist 
atmosphere  with  a  very  much  lower  temperature.  The  effect  of  work 
in  such  conditions  is  to  increase  the  temperature,  pulse,  etc. 

This  general  experience  has  been  confirmed  by  scientific  investigation, 
and  it  will  suffice  if  we  refer  to  the  experiment  of  Haldane,1  who  remained 
for  two  hours  and  eighteen  minutes  in  the  Dolcoath  Mine,  in  Cornwall, 
at  a  level  where  the  ventilation  was  very  imperfect  and  the  temperature 
maintained  at  a  high  point  by  the  oxidation  of  iron  pyrites.  He  remained 
at  rest,  and  his  clothing  consisted  of  flannel  drawers,  canvas  trousers, 
boots  and  stockings.  The  temperature  of  the  air  was  94°  and  93-6°  F. 
by  dry-  and  wet-bulbs  respectively.  During  his  stay,  his  rectal  temper- 
ature rose  to  104*2°  F.;  the  rate  of  his  pulse  was  164  per  minute  ;  and  he 
suffered  from  headache  and  general  discomfort.  From  numerous  other 
experiments  on  himself  and  on  others,  he  draws  the  following  conclusions  : 
1  Haldane,  Jour.  Hyg.,  1905,  vol.  v.,  p.  494. 
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"  The  rectal  temperature  did  not  shew  any  abnormal  increase  during 
rest  in  still  air  until  the  temperature  by  the  wet-bulb  thermometer 
reached  about  88°  F.,  provided  the  subject- 

or  clad  in  light  flannel.     If,  however,  the  wet-bulb  thermometer  exoa 
this  temperature  by  even  one  degree,  a  very  marked  rise  in  n  iper- 

ature  occurred.     This  was  observed  in  each  of  the  >ubj< 
and  took  place  whether  the  air-temperature  was  the  Bame  ai  the 
bulb   temperature   or   50°  F.    above  it  or  only  about   10°  F.  abovi 
In  proportion  as  the  wet-bulb  temperature  rose  beyond  88°,  tie 
rectal  temperature  became  more  and  more  rapid.     Thus  at  89°  to  90°, 
wet-bulb,  the  rise  was  about  TO0  to  1'4°  per  hour;  at  about  9i°  F.  the 
rise  was  about  2°  F.  per  hour,  and  at  98°  the  rise  was  about  4°  per  hour. 
In  moving  air,  a  higher  wet-bulb  temperature  could  be  borne  without 
abnormal  rise  of  rectal  temperature.     Thus,  in  an  air-current  of  about 
50  metres  per  minute,  a  wet-bulb  temperature  up  to  about  93°  could 
be  borne  without  an  abnormal  rise  of  bodily  temperature. 

During  muscular  work  in  still  air,  the  limit  of  wet-bulb  temperature 
which  could  be  borne  without  abnormal  rise  of  body-temperature  was 
much  lower.  Thus,  during  leisurely  climbing  work  (thirteen  feet  pel 
minute)  the  limit  for  a  person  stripped  to  the  waist  was  about  78°  F., 
or  10°  lower  than  during  rest,  and,  with  harder  work,  this  limit  would 
certainly  be  lower.  At  a  wet-bulb  temperature  of  about  87°,  the  rectal 
temperature  rose  about  35°  in  an  hour.  In  an  air  current  of  about 
135  linear  feet  per  minute,  a  wet-bulb  of  about  85°  could  be  borne  without 
abnormal  rise  of  body  temperature,  but  87°  was  beyond  the  limit. 

The  symptoms  observed  to  accompany  the  rise  of  body-temperature 
were  :  (1)  a  marked  increase  in  the  pulse-rate,  accompanied  by  throbbing 
in  the  heart ;  (2)  dyspnoea,  particularly  on  any  exertion  ;  and  (3)  a  gei 
feeling  of  exhaustion  and  discomfort." 

Efficient  work  cannot  be  done  if  the  temperature  of  the  body  rises 
above  a  certain  optimum.  As  we  have  indicated,  the  regulation  of 
temperature  is  effected  by  production  and  by  loss  of  heat.  Work  inciv 
the  production  by  increasing  combustion,  and  the  loss  is  increased  by 
dilatation  of  the  vessels  of  the  skin  and  increased  action  of  the  sv. 
glands,  especially  if  there  is  free  evaporation  of  the  sweat  bo  produced. 
A  warm,  moist  and  stagnant  atmosphere  hinders  evaporation  and  the 
of  heat,  and  disturbs  the  proper  balance,  with  the  inevitable  result 
that  the  amount  of  work  must  be  reduced,  or  the  individual  must  work 
under  disadvantageous  conditions  to  the  detriment  of  his  health. 

Man  is  able  to  accommodate  himself  to  a  comparatively  wide  i 
of  temperature,  by  the  use  of  suitable  foods  and  clothing,  by  regul 
exercise,  etc.,  but  there  is  no  doubt  that  e  1  of  heat  or  of  cold 

are  detrimental  to  his  full  development.  There  seems  little  doubt  that 
overheated  and  ill-ventilated  workshops  are  responsible  for  a  con- 
siderable amount  of  ill-health  in  workers,  and  that  this  is  due,  at  I 
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in  part,  to  a  dislocation  of  their  powers  of  accommodation  through  the 
continued  strain  put  upon  them. 

There  is  no  doubt  that  the  vigour  and  power  of  resistance  which  is  our 
national  characteristic,  is  due  in  great  measure  to  our  climate,  and  the 
life  which  we  necessarily  live.  The  Scottish  soldier  has  made  his  mark 
in  history,  his  power  of  endurance  is  well  known,  and  we  believe  that 
the  hard  climate  in  which  he  has  been  reared  is,  in  no  small  measure, 
responsible  for  this.  Cold  demands  muscular  exercise  and  has  a  stimu- 
lating effect,  not  only  on  physical,  but  also  on  mental,  powers.  This 
physical  and  mental  activity  causes  an  increased  combustion,  and  must 
therefore  have  an  influence  in  augmenting  appetite  and  also  in  increasing 
growth  and  general  development. 

Other  factors  which  have  an  influence  on  temperature,  such  as  age 
and  clothing,  need  only  very  brief  reference.  It  is  well  known  to  all 
physicians  that,  in  children,  during  an  illness,  there  is  a  greater  vari- 
ability of  temperature  than  in  adults ;  and  that  a  high  temperature  in 
a  child  need  not  necessarily  mean  a  serious  infection.  Again,  we  all 
know  how  very  easily  the  temperature  of  an  infant  varies.  It  requires 
the  warmth  of  the  mother's  body  to  keep  it  in  the  best  condition  after 
birth.  Pembrey  has  well  said  that  "  the  practice  of  the  modern  nurse 
in  taking  the  newly-born  infant  away  from  its  mother,  in  order  that 
the  infant  may  breathe  purer  air  and  the  mother  may  not  be  worried, 
is  opposed  to  instinct  and  physiological  knowledge." 

Old  people  suffer  much  from  extremes  of  temperature,  and  this  is, 
no  doubt,  due  to  the  fact  that  their  powers  of  accommodation  are  reduced ; 
for  both  their  muscular  activity  is  lessened,  and  their  capacity  of  regu- 
lating loss  is  reduced,  because  of  the  pathological  changes  which  have 
taken'  place  in  the  circulatory  system.  The  influence  of  clothing  on 
the  surface  temperature  is  very  obvious,  for  heat-loss  may  be  thus  con- 
trolled to  a  certain  extent.  During  muscular  work  in  hot  weather,  the 
clothes  may  retain  large  quantities  of  moisture,  and  render  the  worker 
so  uncomfortable  that  he  is  unable  to  continue  the  work  at  the  same 
rate ;  and  further,  we  know  that  by  taking  off  a  coat  or  turning  up  the 
shirt-sleeves,  etc.,  relief  is  at  once  given.  In  such  conditions,  the  moisture 
in  the  clothing,  and  the  absence  of  free  ventilation,  prevent  a  sufficient 
loss  of  heat  by  the  secretion  and  evaporation  of  sweat;  and,  in  conse- 
quence, the  proper  balance  between  heat-production  and  heat-loss  is 
interfered  with;  whilst,  by  the  removal  of  clothing  and  the  exposure 
of  parts  of  the  body  to  the  air,  this  balance  is  again  established.  From 
these  facts,  it  will  be  obvious  that  the  type  of  clothing  used  in  different 
climates  is  of  importance,  if  we  are  to  maintain  our  working  power  at  its 
highest  effective. 

The  Regulation  of  Temperature. — In  man,  the  regulation  of  tem- 
perature is  brought  about  mainly  by  the  loss  of  heat;  and  this  loss  is 
chiefly  due  to  radiation  and  conduction  from  the  surface,  and  to  the 
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secretion  and  evaporation  of  sweat.  Both  of  which  processes  are  under 
t  lie  control  of  t  In-  nervous  system.  The  contraction  of  the  vessels  of  the 
skin,  under  the  influence  of  cold,  is  a  matter  of  common  mod. 

With  some  people,  tin-  reaction  is  very  intense    the  fingi 
becoming  pale  and  bloodless.    The  pallor ,  in  thea  arily 

due  to  any  enfeeblement  of  the  circulation,  hut  rather  to  an  int< 

-motor   stimulation.    General    atmospheric    conditi  arily 

play  an  important  pari  in  the  regulation  of  the  loss  of  heat.  Tl 
tion  of  cold  is  much  greater  on  a  cold  moist  day  than  on  a  dry  day  with 
even  a  much  lower  temperature,  and  reference  has  already  been  n 
to  the  discomfort  of  a  hot.  moist  atmosphere,  as  compared  with  a  dry 
atmosphere  with  a  much  higher  temperature.  These  common  experi- 
3  are  due  to  the  fact  that  moist  air  is  a  better  conductor  than  dry 
air,  and  that  it  therefore  favours  loss  of  heat  by  conduction  and  radi- 
ation ;  and  that,  at  the  same  time,  it  does  not  favour  the  evaporation  of 
moisture  from  the  surface  of  the  body.  It  has  been  shewn  that,  during 
exercise  in  warm  weather,  the  chief  loss  of  heat  is  due  to  the  evaporation 
of  sweat,  and,  therefore,  if  this  evaporation  is  hindered,  discomfort  ensues 
and  the  power  to  work  is  diminished. 

It  is  also  a  well-known  fact  that  a  cold  windy  day  is  more  trying 
than  one  on  which  the  temperature  is  considerably  lower,  but  on  which 
the  air  is  comparatively  stationary;  and  this,  again,  is  due  to  the  fact 
that,  the  calmer  the  atmosphere,  the  less  is  the  loss  of  heat. 

Though,  as  we  have  indicated,  the  main  factor  in  regulating  tem- 
perature in  man,  under  ordinary  conditions  of  life,  is  the  regulation  of 
loss,  yet  the  pari  played  by  the  production  of  heat  is  also  important; 
and  we  all  know  how  muscular  exercise  on  a  cold  day  enables  us  to  keep 
ourselves  warm.  This  muscular  exercise  is  practically  continuous,  though 
we  may  he  quite  unconscious  of  it ;  and.  as  growth  takes  place,  we  gradu- 
ally develop  a  nervous  control  over  our  muscular  system.  This  develop- 
ment is  feeble  in  the  infant,  and  it  is  because  of  this  that  special  i 
has  to  be  taken  with  its  clothing,  etc.     In  the  older  child,  the  control  is 

good;  hut  it  is  at  its  besl  in  the  young,  well-developed  man;  whilst  in 
old  age  the  control  becomes  feeble,  and,  therefore,  the  aged  become  i 
Busceptible  to  externa]  atmospheric  changes. 

ions   interference  with  this  power  of   heat -regulation   may  i 

in  d  and  under  abnormal  conditions.     In  cases  of  heat-stroke, 

it  has  been  shewn  that  the  condition  generally  arises  in  a  moist,  very 
hot  atmosphere,  and  in  persons  who  are  unsuitably  clothed,  when  they  are 
engaged  in  vigorous  physical  exercise.    The  capacity  for  heat -regulation 
is  overtaxed,  the  heat-production  is  increased  by  the  physical  i 
the  loss  is  at  a  minimum,  and.  result,  the  internal  temperature  is 

raised.     If  the  conditio]  d.  t  he  victim  OoU  od  death 

may  result.  people  are  more  liable  to  heat  M  poke  than  other.-,  and. 

possibly,  diseased    conditions  of  the   la-art   and    a    i  vaso-motor 
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control  have  some  influence  in  aiding  its  occurrence.  In  fatal  cases, 
the  nerve-cells  of  the  central  nervous  system  are  said  to  shew  degener- 
ative changes. 

In  deaths  from  exposure  to  cold,  the  victims  are  usually  exhausted 
by  prolonged  physical  exertion  and  often  by  want  of  food.  The 
production  of  heat  is  thus  lessened,  until  the  temperature  reaches 
such  a  low  level  and  the  metabolic  processes  are  so  seriously  reduced 
that  life  cannot  be  maintained.  It  is  held  that  the  inability  to  regulate 
temperature  in  these  cases  is,  in  part,  due  to  the  unconsciousness  of  deep 
sleep  to  which  the  victims  are  compelled  to  surrender. 


THE  CHANGES  WHICH  TAKE  PLACE  IN  THE  VARIOUS  SYSTEMS 

DURING  FEVER 

CIRCULATORY  SYSTEM.— The  heart-beats  are  increased  in  frequency, 
and  this  is  due,  partly  to  the  rise  of  temperature,  and  partly  to  the 
lowering  of  the  blood-pressure  consequent  on  the  dilatation  of  the  peri- 
pheral vessels.  In  the  early  period  of  fever,  during  the  stage  of  rigor, 
the  peripheral  vessels  are  constricted  and  the  blood -pressure  increased ; 
but,  in  the  later  stages,  the  vessels  become  dilated,  and  the  pulse  is  soft 
and  often  dicrotic.  These  later  phenomena  are,  in  most  cases,  due  to 
a  weakening  of  the  action  of  the  heart,  as  the  result  of  degenerative 
changes  in  the  muscle  produced  by  the  toxins  or  other  poisons  which  are 
circulating  throughout  the  body.  These  toxins  also  act  on  the  blood- 
vessels, and  particularly  upon  the  endothelium  of  the  capillaries,  pro- 
ducing changes  which  weaken  the  walls  and  which,  no  doubt,  aid  the 
dilatation.  During  the  fever,  there  is  a  varying  degree  of  lysis  of  the 
red  blood-corpuscles,  giving  rise  to  anaemia;  and  there  may,  in  many 
instances,  be  a  considerable  increase  in  the  leucocytes  in  the  peripheral 
blood. 

RESPIRATORY  SYSTEM.— The  respiratory  movements  are  acceler- 
ated, and  there  is  a  greater  evaporation  from  the  lungs.  The  increased 
metabolism  produces  more  carbon  dioxide,  and  this,  combined  with  the 
higher  temperature  of  the  blood,  is  the  principal  cause  of  the  more 
rapid  respiratory  rate.  It  has  been  definitely  established  that,  if  t he- 
temperature  of  a  perfectly  healthy  man  is  raised  by  any  means,  his 
respiratory  rate  is  also  accelerated ;  and,  in  like  manner,  this  inci  < 
respiration  takes  place  if  there  is  a  greater  pressure  of  carbon  dioxide 
in  his  blood.  Doubtless  certain  of  these  effects  are  produced  through 
the  medium  of  the  respiratory  centre  in  the  medulla. 

DIGESTIVE  AND  GLANDULAR  SYSTEMS.— The  dryness  of  the  mouth 
and  the  loss  of  appetite — such  common  phenomena  in  any  fever — are  due 
largely  to  the  diminution  in  the  secretion  of  the  salivary  and  the  gi 
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glands.    There  is  also  a  decrease  in  the  secretion  of  bile,  and  abnormal 

pigments  may.  in  consequence,  appeal  in  the  urine.    J  > 1 1 1  i i  ^  certai 

the  secretion  from  the  sweat-glands  is  also  decreased,  and  equently, 

when  these  become  active,  the  temperature  falls.     Tin- 
to  be  due,  in  many  cases,  to  the  influence  exerted  on  the 
mechanism  by  the  toxins. 

URINARY  SYSTEM.—  In  the  early  stages,  especially  during  t ! 
of  incubation  and  rigor,  there  may  be  a  diuresis;  but,  later, there  is  always 
a  diminution  in  the  quantity  of  urine  passed,  and,  in  this,  there  i 
increase   in    pigments,   urea,   uric  acid,  ammonia,  sulphates  and    pi 
phates.     Albumin   may   be   present;   and   abnormal   pigment.-,  such   as 
urobilin  and  hsemato-porphyrin,  are  sometimes  found.     The  abnormal 
pigments  are  due  to  imperfect  action  of  the  liver,  and  to  destruction 
of  the  red  blood-corpuscles.     The  other  bodies,  which  are  either  entirely 
abnormal  or  merely  increased  in  amount,  are  the  result  of  ezcee 
metabolism,  and  the  destructive  changes  consequent  on  the  absorption 
of  toxins,  etc.     In  every  case  of  fever,  we  could  find,  if  we  were  able  to 
examine  the  kidneys,  a  certain  degree  of  congestion  of  the  vessels,  and 
cloudy  swelling  of  the  secreting  epithelium;   and,  in  many  cases  in  which 
recovery  takes  place,  the  degeneration  may,  later,  become  pronounced, 
and  casts  of  the  tubules  may  appear  in  the  urine. 

NERVOUS  SYSTEM.— We  have  already  referred  to  the  vaso-motor 
disturbance  which  occurs  in  all  forms  of  fever,  leading  to  contraction 
or  dilatation  of  the  peripheral  vessels,  and  producing  chills  and 
rigors. 

In  addition,  there  is  a  direct  toxic  action  on  the  cells  of  the  brain, 
and  alterations  in  the  blood-supply,  producing  headache,  depression, 
irritability,  photophobia,  sleeplessness,  and  even  delirium.  These  are 
frequently  transient  phenomena;  but,  even  in  cases  where  they  are  pro- 
Longed  and  where  death  ensues,  comparatively  little  pathological  chi 
can,  with  present-day  histological  methods,  be  found  in  the  brain  to 
account  for  them.  The  heightened  temperature  itself,  and  the  circula- 
tion of  abnormal  products  which  result  from  the  perverted  metabolism 
of  fever,  no  doubt,  account  for  certain  of  the  nervous  phenomena,  such 
as  irritability,  headache,  etc.    In  »  mpk  in  cerebral 

hsemorrhage,  a  rise  of  temperature  is  Baid  to  be  due  to  disturbance  of 
the  heat-regulating  centres  in  the  medulla.     Pembn  that,  though 

certain   parts  of  the  nervous  system  are  more  important  than  ot] 
in  the  regulation  of  the  t<  mperature  of  the  1><  dy,  y»«t  the  belief  in  b]  i 
heat-centres  is  not    well  founded.    "The  different   neurones  ad 
react  upon  one  another,  influence  the  various  organs  of  the  body  and 
are  influenced  by  them." 
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INJURIES   DUE   TO   HEAT 

BURNS. — There  are  no  distinctive  jpost-morlem  appearances,  apart 
from  the  actual  local  destruction  of  tissue  at  the  site  of  injury,  in  cases 
of  death  after  severe  burns.  There  may  be  congestion  of  the  brain  and 
meninges,  and  of  the  mucosa  of  the  digestive  tract,  occasionally  with 
small  haemorrhages  in  the  latter.  The  duodenal  ulcers,  which  are 
described,  are  very  rare.  The  red  blood-corpuscles  undergo  disintegra- 
tion, and  there  is  frequently  an  excretion  of  haemoglobin  by  the  kidneys. 
Death,  when  it  occurs,  is  usually  due  to  shock.  In  cases  where  the 
fatal  issue  is  delayed,  it  may  result  from  sepsis,  and  then  the  usual  patho- 
logical lesions  which  are  found  in  cases  of  septicaemia  or  pyaemia  may 
be  present. 

HEAT-STROKE— HEAT-PROSTRATION.— This  condition  occurs  in 
very  hot  weather,  when  the  air  is  laden  with  moisture.  It  usually  occurs 
in  debilitated  people,  or  in  those  undergoing  great  muscular  exertion. 
Nothing  definite  is  found  at  autopsy  to  account  for  such  deaths.  Rigor 
mortis  is  marked  and  sets  in  at  once.  The  blood  is  fluid,  but  dark. 
The  cause  of  death  is  usually  attributed  to  some  impairment  of  the 
centres  in  the  medulla. 

This  condition  should  be  distinguished  from  sunstroke  which  results 
from  exposure,  especially  of  the  head  and  neck,  to  the  direct  rays  of  the 
sun;  and,  in  cases  of  death  from  the  latter  condition,  there  is  generally 
found,  at  the  autopsy,  a  congestion  of  the  face  and  scalp,  associated  with 
hyperaemia  and  oedema  of  the  meninges  and  brain. 

INJURIES   DUE   TO   COLD 

It  is  a  common  experience  that  the  results  of  exposure  to  cold  depend 
upon  two  main  factors  :  the  individual  susceptibility,  and  the  degree  and 
duration  of  the  exposure. 

An  attack  of  rheumatism  or  pneumonia  is  frequently  said  to  be  due 
to  getting  cold  or  wet,  or  sitting  in  a  "  draught  "  ;  and,  though  it  is  known 
that  both  of  these  diseases  are  bacterial  in  their  origin,  yet  it  is  true 
that  the  cold  or  the  damp  render  certain  persons  liable  to  an  attack. 
and  are  rightly  considered  as  causal  factors.  The  reason  for  this  causal 
relationship  is  not  clear;  but  that  some  definite  change  is  brought  about 
by  such  exposure  is  undoubted.  It  has  been  said  that  the  chilling  of  the 
skin  causes  congestion  of  the  deeper  vessels  and  those  in  the  internal 
organs,  but,  though  this  may  play  some  part,  it  does  not  seem  to  be 
the  whole  explanation. 

Exposure  to  severe  degrees  of  cold,  especially  when  associated  with 
moisture,  produces,  in  some  people,  slight  ii  juries  largely  dependent 
on  the  contraction  of  the  vessels  and  the  resulting  anaemia.  Their  fngers 
and  toes  become  cold  and  cyanotic,  and  may  swell  and  become  inflamed, 
with  the  production  of  Chilblains. 
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If  the  cold  is  still  more  severe  and   prolonged,  much  more  serious 
results  are  produced.     The  cell  tion  is  more  intense,  and  this, 

aided  largely  by  the  prolonged  ischaemia  from  the  extreme  coi 
of  the  blood  or  even  from  their  thrombosis,  produces  gangrene 

of  the  extremities.     The  feet  or  the  toes  become  livid  oi 
what  swollen  and  cold,  and  turn  purple  or,  finally,  greenish-black.     The 
necrotic  and  gangrenous  areas  become  sharply  demarcated  and  dry  up, 
or,  if  much  moisture  remains,  undergo  putrefactive  chai  . 

TRENCH-FOOT  OR  TRENCH-FROSTBITE.— The  essential  change  in 

this  condition  consists  in  the  damage  to  the  blood  [ding 

to  Lorrain  Smith,  J.  Ritchie  and  Dawson,1  the  damage  i 

by  the  swelling  of  the  endothelial  cells  in  vessels  of  all  kinds,  and  by 

the   vacuolation   of   the   muscle-fibres   in  the  arterial  walls.     In    i 

sequence  of  these  degenerative  changes,  an  excessive  amount  of  fluid 

is  poured  into  the  tissues,  and  this  brings  about  alterations  in  the 

u->ue-cells,  separates  the  connective-tissue  fibres  from  one  another,  and 

interferes  with  absorption  by  the  lymphatics.     All  these  factors  aid  in 

causing  necrosis,  and  sometimes  they  are  associated  with  emigration  of 

leucocytes  and  other  inflammatory  changes.     No  doubt  the  ezposui 

cold,  in  muddy,  water-logged  trenches  in  the  wdnter,  must  be  regarded  as 

the  primary  cause  of  the  damage  to  the  vessels.     At  the  same  time,  it 

seems  quite  clear  that  pressure  and  constriction  by  imperfectly  fitting 

boots,  and   by  puttees,  played  a  considerable  part  in  producing  tl 

necrotic  and  gangrenous  changes. 

1  Lorrain  Smith,  J.  Ritchie  and  Dawson,  "Pathology  of  Trench  Frostbite," 
Jour.  Path,  and  Bad.,  vol.  xx.  Xo.  2,  October  1915,  159-89. 
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CHAPTER  XIV 
DISEASES   OF   THE   CIRCULATORY  SYSTEM 

DEVELOPMENTAL     ABNORMALITIES     OF     THE     PERICARDIUM, 
HEART,   AND   GREAT  VESSELS 

MALFORMATIONS. — Complete  absence  of  the  pericardium  is  very 
rare,  but  an  imperfect  development  of  it  is  occasionally  found.  Pouches 
in  and  from  it  are  described,  but  these  are  most  commonly  protrusions  of 
the  serous  coat,  either  into  the  cavity,  or  outwards  through  a  very  thin 
or  imperfectly  developed  fibrous  coat. 

Congenital  defects  in  the  heart  itself,  and  in  the  great  vessels,  are  far 
from  uncommon;  and,  to  understand  these  properly,  some  knowledge 
of  the  development  of  the  heart  and  vessels  is  essential. 

Development  of  the  Heart  and  Vessels. — At  an  early  period  of  fcetal  life, 
the  heart  consists  of  a  hollow  tube,  at  first  straight,  and  later  S-shaped.  Sub- 
sequently, the  lower  limb  of  the  S  becomes  curved  up  behind,  i.  e.  dorsal  to, 
the  upper  limb,  and  grooves  appear  upon  it  externally,  first  a  transverse  one 
corresponding  with  the  line  of  separation  of  auricle  from  ventricle,  and  then 
more  or  less  longitudinal  ones  separating  the  auricles  and  ventricles  of  the  two 
sides  from  one  another.  The  cavities  become  divided  by  septa  which  develop 
from  their  lower  and  posterior  walls.  The  ventricular  septum  is  the  first  to 
appear,  tt,  however,  remains  incomplete  for  a  considerable  time,  a  com- 
munication between  the  two  ventricles  persisting  at  its  upper  part.  Later, 
this  communicating  orifice  is  closed.  The  auricular  cavities  become  divided, 
in  a  similar  way,  by  two  partitions,whichmeet  and  partially  overlap  one  another 
near  the  auriculo-ventricular  septum.  Union  of  these  partitions  is  incomplete 
till  after  birth — the  opening  between  them  constituting  the  toramen  ovale. 
The  upper  limb  of  the  S  forms  the  truncus  arteriosus,  and  this  also  becomes 
longitudinally  divided  by  a  septum  to  form  the  aorta  and  the  pulmonary 
artery.  In  the  foetus,  the  pulmonary  artery  and  the  descending  aorta  com- 
municate with  one  another  by  the  ductus  arteriosus,  which  conveys,  from  the 
right  ventricle,  by  way  of  the  trunk  of  the  pulmonary  artery,  into  the  descend- 
ing aorta,  most  of  the  blood  for  distribution  to  the  abdomen  and  lower  limits, 
as  well  as  that  distributed  by  the  umbilical  arteries. 

Imperfect  development,  or  arrest  --complete  or  incomplete,  as  the  i 

may  be — of  the  developmental  process,  may  take  place  at  any  stage,  and 

this  may  be  localised  to  one  or  more  special  regions  or  structures.     Thus 

is  to  be  explained  the  majority  of  the  malformations  of  the  heart  and 
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great  .  and,  of  these,  only  a  very  brief  outline  of  the  commoner 

Defects  of  the  Ventricular  Septum.     1  am  maj 

U,  or  it  i  mplete.    In  the  latter  case,  I 

the  two  \vnt in'  boated  usually  al  the  U]  I  of  the  Beptum, 

where,  even  in  the  normal  hi  muscle-fibres  exist,  the  dividing  wall 

being  composed  of  endocardium  and  a  slight   amount   of  into 
fibrous  tissue  alone    and  hence  thi  pars  membranacea  sept. 

undefended   space   applied   to   this   region.    Sometimes,    however,   the 
opening  is  towards  the  posterior  pari  of  the  septum.    The  body  of  the 

right  ventricle  may.  in  some  of  th<  S,  be  atrophied,  or  almost  entirely 

tit,  and  the  foramen  ovale  is  usually  patent.     In  tho  m  which 

the  interventricular  septum  is  completely  absent,  the  body  of  the  right 

ventricle  is  usually  absent,  but  its  infundibular  cavity  is  well  developed. 

Defects  in  the  Auricular  Septum.-  This  septum  may  be  entirely  al 
or,  in  other  cases,  deficient  only  at  its  lower  part .    One  of  the  oommi 

abnormalities  is  a  patency  of  the  foramen  ovale.  Frequently  the  aperture 
all.  \er\  oblique,  and  practically  so  valvular  in  character  that  there 
is  little  or  no  communication  between  the  blood  in  the  two  auricle-. 
e  rarely,  the  opening  is  directly  patent,  i.  e.  the  septum  ovale  is  itself 
absent  in  whole  or  in  part,  and  there  is  thus  a  persistent  communication, 
through  which  a  mixing  of  the  arterial  and  the  venom  blood  takes  place 
— a  defect  which  is  sometimes  combined  with  congenital  stenosis  of  the 
pulmonary  valve. 

Malformations  in  the  Right  Ventricle  and  Stenosis  of  the  Pulmonary 
Artery. 

1.  Subdivision  of  the  Right  Ventricle.  —This  abnormality  is  compara- 
tively rare,  and  in  it  the  ventricle  is  separated  from  its  infundibulum  by  a 
muscular  partition,  the  centre  of  which  is  perforated  by  a  foramen  varying 
in  size.  The  pulmonary  cusps  may  be  normal,  or  they  may  be  united,  pro- 
ducing stenosis  of  the  orifice.     There  may  be  an  interventricular  foramen 

below  the  opening  bom  the  ventricle  proper  into  the  infundibulum. 
The  ductus  arteriosus  and   the   foramen  ovale  may  be    patent.     In    an 
examination  of  such  caS6£     Keith,  to  whose  work  we  are  greatly  inde 
for  our  information  on  these  malformations  in  the  heart,  found  that  the 

is  margin  of  the  ostium  infundibuli  was  covered  by  vegetati 

2.  Congenital  Pulmonary  Stenosis. 

(a)  Certain  I  this  condition  i-  devclo]  I 

of  the  infundibulum;  and   the  endocardium  of  the  cavity  is  embryonic 
(tibro-cellular)  in  struct  in-  ostium  infundibuli  may  be  well  marked, 

or  represented  by  a  mere  thickening  of  the  endocardium.    The  pul- 
monary valves  are  fused  in  the  majority  of  product 
or  less  degro                                            the  interventricular  foramen  is 
present. 

(b)  In  another  group  <-f  cases,  there   has   been   an   aim  iplete 
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developmental  arrest  of  the  infundibulum,  and  it  may  be  represented  by 
a  mere  slit  or  irregular  chink  situated  at  the  orifice  of  the  pulmonary 
artery  and  lined  by  thickened  endothelium.  The  orifice  of  the  pulmonary 
artery  may  be  very  small,  the  fused  semilunar  valves  just  dis- 
tinguishable, and  the  pulmonary  artery  represented  by  a  mere 
fibrous  thread  at  its  origin.  An  interventricular  foramen  is  always  present, 
and,  in  some  cases,  the  ductus  arteriosus  is  also  patent. 

(c)  Stenosis  produced  by  mere  fusion  of  the  semilunar  valves  is  generally 
attributed  to  fcetal  endocarditis;  but  Keith  points  out  that,  though  these 
stenosed  valves  are  composed  of  dense  lanrinated  fibrous  tissue  at  their 
margins,  yet  the  body  of  the  valves  shews  a  reticulated  tissue  distinctly 
embryonic  in  character.  Moreover,  many  of  these  cases  shew  a  degree 
of  arrested  development  of  the  infundibulum;  and  a  developmental 
defect,  rather  than  an  inflammatory  action,  must  be  regarded  as  causal. 

The  effects  produced  by  the  narrowing  of  the  pulmonary  orifice 
depend,  to  a  certain  extent,  on  the  period  at  winch  it  takes  place.  If  the 
stenosis  occurs  during  an  early  period  of  development,  the  increased 
pressure  in  the  right  ventricle  forces  the  interventricular  septum  to  the 
left  side,  the  aorta  comes  to  open  partly  from  the  right  ventricle,  and  the 
septum  thus  remains  incomplete  at  its  upper  part.  In  the  same  way, 
the  increased  pressure  in  the  right  auricle  interferes  with  the  closure  of 
the  foramen  ovale.  Thus,  in  cases  of  congenital  narrowing  of  the  pul- 
monary artery,  there  are  frequently  associated  with  it  an  incomplete 
ventricular  septum  and  a  patent  foramen  ovale.  If  the  stenosis  takes 
place  after  the  interventricular  septum  is  complete,  increased  work  is 
thrown  on  the  right  ventricle,  and  it  becomes  hypertrophied,  sometimes 
to  a  very  marked  degree.  The  right  auricle  becomes  dilated,  and  the 
foramen  ovale  remains  patent.  If  this  patency  is  very  marked,  there 
usually  result  enormous  dilatation  of  both  auricles,  especially  of  their 
appendices,  and  hypertrophy  of  the  left  ventricle.  The  ductus  arteriosus, 
in  such  cases,  frequently  persists  as  an  open  channel. 

Stenosis  of  the  Aorta— a  rare  condition — is  found  at  a  point  between 
the  left  subclavian  artery  and  the  opening  of  the  ductus  arteriosus,  though 
it  may  also  occur  at  the  origin  of  the  aorta.  In  the  more  usual  form, 
the  circulation  is  assisted  by  anastomosis  between  the  subclavian  artery 
and  the  thoracic  and  abdominal  aorta,  particularly  by  way  of  the  internal 
mammary  and  intercostal  arteries.  The  stenosis  may  be  complete 
(atresia).  A  condition  of  subaortic  stenosis  has  been  described,  in  which, 
immediately  below  the  orifice  of  the  aorta,  a  fibrous  collar  Burrounda  the 
infundibulum  of  the  left  ventricle.  This  is  formed  by  an  irregular  thicken- 
ing of  the  endocardium,  and,  according  to  Keith,  is  due  to  a  partial 
persistence  of  the  bulbtis  cordis,  which  usually  disappears  on  the  left  side 
of  the  heart. 

ABNORMALITIES  IN  THE  CUSPS  OF  THE  VALVES.  The  valvular 
cusps  of  the  pulmonary  and   aortic  orifices   are    Sometimes  abnormal  in 
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Qumbei  ox  in  size.     There  may  be  only  tw<  -one  generally  being 

r  than  the   other,   and   sometimes   -hewing  evidence    oi    partial 
division.    Three  cusps  axe  occasionally  present,  but  two  may 

and  the  third  rudimentary ;  or  there  may  be  four,  or  even  more,  cusps. 
Fenestration  is  very  common,  but  usually  unimportant,  the  Lunulas 
being  the  parts  generally  affected.  Even  when  the  cusps  are  norma] 
in  number  and  in  size,  there  may  be  adhesions  bet  ween  then 
to  narrowing  of  the  orifice.  These  adhesions  are  generally  regarded 
being  due  to  endocarditis  during  Lntra-uterine  life.  The  curtains  oi  the 
auriculo-ventricular  valves  frequently  become  adherent  to  one  another. 
and  produce  narrowing  of  the  mitral  and  tricuspid  orili.  • 

ABNORMALITIES  IN  THE  LARGE  VESSELS.— Doubling  of  the 
aorta,  due  to  a  persistence  of  the  two  developmental  arches  is 
found;  or  the  right  arch  may  remain  and  form  the  aorta  instead  of  the 
left.  This  is  generally  the  ease  in  dextro-cardia,  but  may  occur  inde- 
pendently of  that  condition.  There  may  be  stenosis  of  the  aorta  at.  or 
nd.  the  junction  of  the  ductus  arteriosus;  or  the  aorta  may  be  nar- 
l  throughout  its  course.  This  general  narrowing  or  hypoplasia  of 
the  vessel  has  been  described  as  associated  with,  and  even  as  causing, 
chlorosis,  but  the  aortic  condition  is  probably  congenital  in  origin.  Abnor- 
malities in  the  origin  and  distribution  of  the  larger  arteries  need  not  be 
further  referred  to  b  -uch  alterations  do  not,  as  a  rule,  give  rk 

important  disi  urbance  of  function.  In  exceptional  cases,  the  left  superior 
vena  cava  persists  instead  of  the  right,  and  the  pressure  of  the  heart 
upon  it  may  produce  obstruction.  The  aorta  sometimes  takes  origin 
from  the  infundibulum  of  the  right  ventricle,  and  the  pulmonary  artery 
from  the  left  ventricle. 

MALPOSITIONS  OF  THE  HEART  are  rare.  There  may  be  complete 
transposition  dextro-  or  dexio-cardia — but,  in  such  cases,  there  \e 
generally, in  addition,  transposition  of  the  other  viscera.  The  heart  has 
been  found  in  the  neck,  in  the  middle  line  under  the  sternum,  or  imme- 
diately under  the  >kin  ;  and.  when  in  the  latter  position,  the  sternum 
Usually   a    central  longitudinal  cleft.     The    heart   has  been  described 

as  lying  below  the  diaphragm,  between  the  stomach  and  abdominal  wall, 

and  also  in  the  neighbourhood  of  the  kidney-,  or  even  in  an  umbilical 
hernia. 
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DISEASES    AND    INJURIES    OF    THE    PERICARDIUM    AND    HEART 

I.  PERICARDIUM 

Developmental  abnormalities  of  this  structure  have  been  described 
on  p.  497. 

HYDRO-PERICARDIUM. — On  post-mortem  examination,  a  very  small 
quantity  of  transuded  fluid  is  usually  found  in  the  pericardial  sac.  This 
may  be  increased  to  a  slight  degree  (a  few  ounces)  before  death,  or  there 
may  be  a  great  increase,  producing  a  condition  of  hydro-pericardium. 
The  nature  of  the  fluid  depends  largely  on  the  cause  leading  to  its  presence. 
The  commonest  examples  of  hydro-pericardium  are  seen  in  diseases  of 
the  kidneys,  and  in  the  "  water-logging  "  of  chronic  heart-disease.  In 
such  conditions,  the  fluid  is  watery  and  of  a  light  straw-colour,  and  usually 
contains  little  albumin.  It  may,  however,  be  bile-stained,  or  it  may 
contain  blood  derived  from  dilated  vessels  which  have  ruptured.  More 
rarely,  the  fluid  is  milky  in  appearance  and  contains  a  large  proportion 
of  chyle.  This  is  seen  in  cases  where  there  is  some  pathological 
condition  of  the  thoracic  duct  or  of  its  tributaries. 

In  inflammatory  conditions  of  the  pericardium  with  effusion — to 
which  the  term  hydro-pericardium  is  not  applied — the  fluid  may  be  rich 
in  albumin,  and  blood  may  be  present  in  considerable  quantities. 

H^IMO-PERICARDIUM  results  from  various  causes  :— 

(a)  A  punctured  wound  of  the  heart  usually  gives  rise  to  a  considerable 
collection  of  blood  in  the  pericardial  sac,  and,  if  the  weapon 
or  missile  has  passed  through  the  pericardium,  there  may  be 
also  a  considerable  degree  of  hemothorax.  In  the  majoritv 
of  cases  of  haemothorax,  however,  it  will  be  found  that  the 
haemorrhage  results  from  a  wound  of  the  lung,  and  that  the 
blood  does  not  come  from  the  wound  of  the  pericardium  or 
heart.  Wounds  of  the  heart  are  usually  fatal,  but  cases  are 
recorded  where  recovery  has  taken  place — even  though  the 
fluid  in  the  pericardium  has  become  infected  with  gas-producing 
organisms. 

(6)  Rupture  of  the  Heart. — This  generally,  if  not  always,  occurs  in 
a  heart  which  has   been   weakened   by  pie-existing  dig 
Degeneration   and   narrowing  of  the   coronary   arteries,    with 
associated  fatty  degeneration  and  atrophy  of  the  muscle-fibres, 
is  the  pathological  condition  usually  found  in  such  i  M.  si 

commonly,  the  rupture  is  in  the  wall  of  the  left   ventricle,  on 
its  anterior  aspect  near  the  septum.     It  is   very   ragged   in 
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appearance,  and  runs  usually  in  the  direction  of  the  mu- 
fibres.    The  amount  of  blood  in  the  pericardial  sac  varies  from 
B  few  ounces  to  a  quart  or  more. 

(c)  Rupture  of  an  aneurism,  cither  on  tl  cardial  portion 

of  the  aorta  or  OB  a  coronary  artery,  will  B  uilar 

condition. 

(d)  Petechial,  and  sometimes  larger,  haemorrhages  are  seen,  especially 

in    the   subepicardial  tissues,   in  toxic  and   bacterial  diseases. 
In  deaths  from  asphyxia  [e.g,  drowning),  small   haemorrhages 
may  be  seen  (Tardieu's  spots).  These  sub-epicardial  haemorrl 
ur  mainly  at  the  base  of  the  ventricles  and  along  tin*  vea 

(e)  Other  causes  giving  rise  to  an  accumulation  of  blood,  or  of  blood- 

stained exudates,  in    the    pericardium    are    mentioned    under 
haemorrhagic  pericarditis  on  p.  505. 

"  MILK-SPOTS"  are  irregular,  whitish,  thickened  patches  of  fibroin 
tissue,  most  commonly  seen  on  the  anterior  surface  of  the  right  \ 
ricle,  or  on  the  anterior  surface  of  the  left  ventricle  near  the  apex. 
They  are  Less  frequently  found  on  the  posterior  aspect  of  the  left  ventricle 
near  the  base  of  the  heart.  They  may  be  merely  opalescent  thickenings 
of  the  epicardium,  or  they  may  be  distinctly  fibrous  and  almost  "  carti- 

nous  "  in  consistence.  In  many  cases, they  are  the  remains  of  a  loca 
pericarditis;  but  their  situation,  and  their  greater  frequency  in  hi 
which  are,  or  have  been,  hypertrophied  or  dilated,  lend  support  to  the 
view  that  they  may  be  caused  by  a  constant  and  increased  degree  of 
friction,  giving  rise  to  irritative  overgrowth  of  the  epicardium.     These 
milk  ometimes  become  cedematous  in  Blight's  disease,  etc.    More 

generalised  thickenings  of  the  epicardium  are  very  common  over  dii 
auricles,  dilated  auricular  appendices,  etc.,  or  along  the  hues  of  di! 
The  Localised  thickenings  on  the  anterior  surface 
the  right  and  Left  ventricles  were  attributed  to  pressure  and  friction  by 
shoulder-straps   worn   by  soldiers,  and  were  in  consequence  known  as 
soldiers'  spots. 

INFLAMMATION  :— 

[a)  ACUTE  PERICARDITIS  has  always,  for  itfl  rial  or 

a  toxic  irritant.     It  most  commonly  occurs  during  an  attack  of  rheum- 
atic fever,  or  such  allied  conditions  as  chon  but 

i   also  common  in   pneumonia,  especially  in  children,  and   OCCUn 
other  acute  infective  fevers,  in  septicaemia,  pyaemia,  and.  in  general,  in 
any  sept  ic  or  bacterial  disease.    Ii  also  supervenes,  though  more  rarelj 
generally  as  a  terminal  event,  in  Bright's  disease,  in  gout,  in  diabetes,  in 
scurvy,  in  cancer,  and  in  exophthalmic  goitre.     In  all  of  t!  ases, 

there  are  organisms,  toxins,  or  metabolic  poisons  of  an  unknown  nature. 
circulating  throughout  the  system;  and  the 
directly  or  indirectly,  the  cause  of  the  inflammation.     Acute  pericarditis 
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also  arises  by  local  extension  of  inflammation  from  a  neighbouring  area. 
Thus,  inflammation  of  the  pleura,  of  the  lungs,  or  of  the  mediastinal 
cellular  tissue  or  glands  may  involve  the  pericardium  secondarily. 
Inflammation  of  the  myocardium  more  rarely  spreads  to  the  pericardium, 
but  abscesses  in  the  heart-wall  in  cases  of  pyaemia,  or  abscesses  in  the 
mediastinum,  or  in  the  ribs,  sternum,  or  elsewhere,  may  rupture  into  the 
pericardial  sac  and  set  up  acute  inflammation. 


FlG.  232a. — Acuto  Pericarditis,  shewing  the  irregular  shaggy  appearance  of 
the  recent  inflammatory  exudate. 


Except  for  the  fact  that  they  are  modified,  in  some  degree,  by  the 
constant  movements  of  the  heart,  the  phenomena  observed  in  acute 
pericarditis  are  practically  identical  with  those  seen  in  acute  inflam- 
mation of  any  other  serous  surface,  and  arc  fully  described  in 
the  chapter  on  Inflammation  (see  page  1G3  el  seq.).  The  exudate  into 
the  sac  may  be  very  Blight  and  may  be  converted  into  fibrin,  so 
that  there  is  no  accumulation  of  fluid,  and  thus  a  condition  of  dry  or 
fibrinous  pericarditis  results.  This  is  seen  especially  in  the  inflam- 
mation occurring  in  Bright's  disease,  and    sometimes  in   that  following 
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pneumonia.    More  commonly,  however,  there  is,  in  a 

tee,  an  effusion  of  fluid  into  the  cavity,    This  effusion  may  be  serous. 

sero-purulent,  purulent,  or  haemorrhagic,  its  chi  depending,  to  a 

certain  extent,  on  the  nature  of  the  causal  agent.    Thus,  in  a  pei 

due  to  the  rupture  of  an  ab  or  wlini  I  dition  is 

set  up  by  the  common  bacteria  of  suppuration,  the  exu<  purulent 

or  sero-purulent.    In  the  most  typical  forms    rheumatic  and  pneumo- 
coccal pericarditis  -the  exudate  is  commonly  sero-fibrinous  in  cl 
or  slightly  turbid.    It  is  very  rarely,  if  ever,  purulent.    Fibrin-formj 
tends  to  occur  in  a    marked  degree,  especially  in  the    pneun 

5,  and  both  the  peri-  and  epi-cardia]  serous  layers  become  with 

whitish,  Bhaggy  masses  of  it.  which,  at  Erst,  are  quite  easily  Bepars 
but  which,  later,  become  vasculansed  and  adherent.  In  its  earlier 
es,  before  Buch  adhesions  have  taken  place,  this  has  been  described 
as  the  "honeycomb"  or  "dog's  tongue'1  condition,  and  is  very  aptly 
compared  to  the  appearance  presented  by  pressing  together  and  then 
drawing  apart  two  thickly  buttered  slices  of  bread  {see  fig.  232a). 

In  the  earl}  of  the  inflammation,  the  fibrin  may  form  a 

thin  layer,  and  may  be  found  only  at  t!  of  the  heart,  and  around 

and  between  the  great  vessels.     The  causal  organisms  may  or  may 
be  present  in  the  exudate.     In  the  lat1  they  are  usually  found 

in  the  tl88U<  s  at  or  near  the  surface. 

Terminations  o!  Acute  Pericarditis.  -If  the  exudate  is  Bcanty  in 
amount,  or  if  the  layer  of  fibrin  is  thin,  complete  absorption  of  the  inflam- 
matory products  may  take  place,  and  the  heart  return  to  its  normal 
condition— usually,  however,  with  some  evidence  of  Blight  chronic  fibrous 
thickeni]  cially  of  the  epicardium.    Adhesions,  however,  are  very 

apt  to  occur  between  the  visceral  and  parietal  Layers  of  the  pericardium, 
owing  to  tli.  at  ion  of  the  exudate  at  an  early  period,  the  granul- 

-tissue   thus  formed    becoming  converted   into  dense   fibrous  ti- 
These  adhesions  may  extend  over  the  Burface  of  the  whole  heart,  or  may 
be  limited  in  extent.    They  are  more  liable  to  occur  in  cases  where  there 
is  little  or  no  effused  fluid  to  separate  the  inflamed  surfaces,  and 

parts  of  the  heart  which  alter  their  relations  to  the  parietal  pericardium 
in  le  ardiac  movements,  e.g.  near  the  ap  the 

left  auricle,  and  at  the  base  oi  the  great   vessels.     0         sation  of  the 

fibrinous  exudate  may  take  place  in  localised  areas  Over  the  epicardium, 

and  thus  may  be  formed  the  irregular,  whitish  of  fibrous 

already  described   ;i-  one  variety  of  milk-spots 

portions   of    the    fibrin    remain    unabsorbed,   and    calcification   OCCUTS   in 

a,  as  well  as  in  the  adhesions,  and  in  the  thick-  the 

surface  of  the  heart  or  <-f  the  pericardium. 

Associated  Conditions.     v  pericarditis  may  be  a»  with, 

and   result  from,  the  spread  of  inflamm  mditions  in  the  ad]S 

tissues  and  organs;  or,  on   the  other  hand,  it  is  sometimes  the  primary 
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affection,  and  a  secondary  spread  takes  place  from  the  pericardium  to 
the  pleura,  lungs,  or  to  the  mediastinal  tissues.  A  marked  increase  of 
the  fibrous  tissue  in  the  mediastinum,  with  adhesion  of  the  exterior 
of  the  pericardium  to  surrounding  parts,  is  a  common  sequel,  or  these 
adhesions  may  be  present  without  much  fibrous  mediasiinitis.  The 
invasion  of  the  myocardium  usually  extends  to  a  very  slight  depth  ;  but, 
in  rare  cases,  it  penetrates  throughout  the  muscle-substance,  producing  an 
extensive  myocarditis,  which  may  lead  to  serious  derangements  of  the 
circulation,  or  to  the  death  of  the  patient.  The  adhesions,  to  which 
reference  has  already  been  made,  may  be  very  dense,  and  constitute  a 
serious  impediment  to  the  movements  of  the  heart.  Interference  with 
the  heart's  action  is  also  caused  by  the  deposit  of  lime-salts  in  the 
fibrin-remnants,  with  the  formation  of  a  more  or  less  complete  calcareous 
investment  or  "  case."  These  hindrances  compel  the  heart  to  act  under 
considerable  difficulties,  and  great  hypertrophy  and  dilatation  (cor 
bovinuni)  are  produced,  especially  if  there  are  extensive  adhesions  to 
the  chest-wall  and  lungs,  as  in  cases  associated  with  mediastinitis  or 
inflammation  of  the  mediastinal  cellular  tissue. 

(b)  SUPPURATIVE  PERICARDITIS  (PYO-PERICARDIUM).— This 
condition  is  generally  the  result  of  pyaemia  or  septicaemia,  and  is  then 
due  directly  to  septic  infarction,  or  to  the  lodgment,  in  the  pericardium 
or  the  superficial  layers  of  the  heart,  of  bacteria  which  produce  suppur- 
ation. Abscesses  are  formed  in  the  heart-wall,  which  spread  to, or  rupture 
into,  the  pericardial  sac ;  or  the  surface  of  the  pericardium  is  invaded 
by  pyogenetic  bacteria  which  bring  about  leucocyte-emigration  and  all 
the  other  phenomena  of  pus-formation.  Suppurative  pericarditis  may 
also,  however,  be  secondary  to  empyema,  to  pneumonia,  or  to  abscess- 
formation  in  the  lungs,  mediastinal  tissues,  or  bones,  etc.,  of  the  thorax, 
to  rupture  of  a  gastric  ulcer,  and  to  other  lesions.  In  its  essential 
features,  the  suppurative  form  of  pericarditis  resembles  the  non-sup- 
purative  forms,  but,  as  a  general  rule,  it  does  not  tend  to  spread  to 
the  heart-muscle. 

Serous  and  sero-fibrinous  exudates,  in  cases  of  acute  pericarditis,  may 
become  purulent,  but  this  is  not  common  ;  and.  in  rheumatic  pericarditis, 
suppuration,  if  it  occurs  at  all,  is  very  rare. 

(c)  HEMORRHAGIC  PERICARDITIS.— This  form  of  pericarditis 
occurs  specially  in  persons  whose  capillaries,  on  account  of  degenerative 
and  other  changes,  easily  rupture,  and  is  most  commonly  seen  in  i 

of  scurvy,  purpura  hsemorrhagica,  and  haemophilia.  It  is  observed  also 
in  some  chronic  alcoholics,  and  in  people  who  have  been  exposed  to 
privation  and  cold.  A  similar  condition  sometimes  supervenes  in  tuber- 
culosis, sarcoma,  or  cancer  of  the  pericardium  or  heart.  The  exudate 
may  be  almost  pure  blood,  but  all  degrees  "f  the  condition,  intermediate 
between  this  and  a  serum  merely  slightly  blood-stained,  may  occur. 

(d)  TUBERCULOUS  PERICARDITIS,  though  comparatively  common 
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in  cattle,  is  Bomewhat  anoommoD  in  man.    It  may  be  seoondai 
tuberculous  pleurisy  or  empyema,  or  to  tuberculosis  of  the  lung,  media- 
stinal gland*  itii.  oi  ribe.     .Miliary  tubercles,  though  they  occur, 
are  rarely  found  in  the  pericardium  in  thi  e  even  of  acute 
wide-spread    general    tuberculosis,    A    very    few    scattered    tuber 
usually  along  the  coronary  vessels,  are  uoi  extremely  rare  in  children. 
In  exceptional  cases,  innumerable  minute  tubercles  may  occur. 
pericardial  surface  is  sometimes  covered  merely  with  a  thin  laver  of 
fibrinous  exudate,  which,  on  naked-eye  examination,  is  indistinguishable 
from  the  non-tuberouloufl  variety.     On  the  other  hand,  the  exudate  it 
uncommonly   thick    and   irregular,   and   numerous   adhesions    mav   • 
between  the  two  serous  surfaces.    The  exudate  may  be  serous,  purulent, 
or  hemorrhagic.    It  is,  in  most  case            tnely  difficult  to  dem 
B.  tuberculosis  either  in  the  fluid  or  in  the  fibrinous  exudate.     (Jsually, 
however,  on    microscopical   examination,  tubercle-granulations,   with  or 
without  giant-cells,   are  found,   either  in  the  fibrinous    exudate   il 
or  in  the  deeper  layers  of  the  pericardium. 

Calcification  is  a  common  sequel  of  the  tuberculous  process,  and  the 
-tic  and  destructive  changes  characteristic  of  tuberculosis  cause  very 
considerable  damage  to  the  heart. 

(e)  PNEUMOPERICARDIUM— This  is  uncommon  and  is  due  to 
the  infection  of  the  sac  by  one  or  more  of  the  gas-producing  organic 

B.   welchii    (perfringens),    B.   cedematiens,    Vibrion    septique,   etc., 
introduced   generally  through  a  perforating  wound. 

In  compound  fracture  of  the  ribs  or  sternum,  penetrating  wound- 
the  chest,  etc.,  air  may  be  introduced  from  without;  and.  ii  nous 

or  tuberculous  cavities  in  the  lung,  in  pyo-pneumothorax,  in  ulceration  of 
the  oesophagus,  and  in  subdiaphragmatic  abscess,  communication  mav  he 
established  between  the  lung  and  the  pericardial  sac.  In  the  majority 
of  the  cases,  the  HYusion  becomes  purulent. 

Note. — Pericarditis,  in  association  with  Polyserositis,  lias  been  referred  to  by 
il  authors,  and  by  some  regarded  as  tuberculous.     In  our  experience,  if  • 
cases  me  carefully  examined,  they  will  be  found  to  be  multiple  foci  of  some  bacterial 
most  frequently  pneumococcal  or  streptococcal. 

TUMOURS  AND  PARASITES.  Fibromas  and  lipomas  may  occur 
as  primary  tumours,  but  are  extremely  rare.  Secondary  tumours  an1 
also  uncommon,  but  lympho-sarcomas,  melanotic  sarcomas,  and  cancers 

do  occasionally  occur.     Th-  by  direct    spread  from   surrounding 

parts,  or  they  may  be  in  the  form  of  from  other  org] 

rowthfl   BOmetimes  Start    in    the   heart-wall   and    invade   the 

cardium.    Epitheliomata  have  been  described  at  oondarily 

pitheliomata  of  the  lip.  tongue, 
Hydatid  cysts  and  Cysticerci  arc  occasionally  met  with. 
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II.  ENDOCARDIUM 

The  endocardium  consists  of  a  delicate  layer  of  flattened  endothelial  cells 
which  lie  on  a  very  thin  supporting  structure  of  fibrous  tissue.  The  valve- 
segments  are  prolongations  of  the  endocardium,  with,  at  places,  a  slight  amount 
of  fibrous  tissue  between  the  layers,  and  are  non-vascular. 

DEGENERATIONS  :— 

(a)  CLOUDY  SWELLING  of  the  endothelial  cells  occurs  in  almost  any 
infective  disease. 

(b)  FATTY  DEGENERATION  may  be  associated  with  cloudy  swelling, 
but  also  results  from  the  action  of  cell-poisons  such  as  chloroform  or  phos- 
phorus. It  is  most  commonly  found  near  the  base  of  the  left  ventricle 
and  on  the  anterior  flap  of  the  mitral  valve.  The  fatty  areas  are,  usually, 
dull  white  or  3rellowish-white  in  colour,  and  lime-salts  may  be  deposited 
in  them. 

(c)  CALCIFICATION  occurs  sometimes  as  a  sequel  of  fatty  degenera- 
tion, or  it  may  follow  other  degenerative  and  chronic  inflammatory 
changes.  The  cusps  of  the  aortic  valve  and  the  anterior  flap  of  the 
mitral  are  its  most  usual  sites. 

(d)  WAXY  DEGENERATION  is  said  to  occur  in  the  sub-endothelial 
layer  of  fibrous  tissue  in  the  right  auricle.  If  it  occurs  at  all,  it  must 
be  extremely  rare. 

(e)  GOUTY  or  URATIC  deposits  are  sometimes  found  in  the  mitral 
valve-segments  or  elsewhere.  They  are  rare,  and  are  generally  associated 
with  fibrous  degeneration. 

HAEMORRHAGES  :— 

Ecchymoses  or  petechial  haemorrhages  are  frequently  found  in  the 
endocardium  immediately  under  the  endothelium,  especially  in  the  left 
ventricle.  They  are  most  commonly  associated  with  similar  haemo- 
rrhages in  other  parts  of  the  heart,  particularly  in  the  epicardium. 
They  occur  principally  in  septic  diseases,  and  in  such  conditions  as  give 
rise  to  fatty  or  other  degenerative  changes  in  the  endothelium  of  capillaries, 
as,  for  example,  pernicious  anaemia,  phosphorus-poisoning,  chloroform- 
poisoning,  etc. 

INFLAMMATION  :  — 

Endocarditis  may  be  acute  or  chronic.  The  acute  form  has  been 
divided  into  two  types — the  "  simple  "  and  the  "  malignant"  or  ulcera- 
tive. Recent  research  has  shewn  conclusively  that,  in  both  forms,  the 
valves  are  attacked  by  bacteria.  Vegetations  are  formed,  and  tli 
vegetations  and  the  valves  01  other  pa  its  to  which  they  arc  attached 
may,  or  may  not,  undergo  softening,  with  the  production  of  ulceration. 
Further,  the  organisms  isolated  from  an  ulcerative  case  have,  experi- 
mentally, in  one  animal  given  rise  to  the  ulcerative  form  of  endocarditis. 
whilst,  in  another  animal  of  the  same  species,  a  simple  endocarditis  has 
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resulted.  Thus,  it  will  be  seen  that  the  distinction  usually  made  between 
the  two  forms,  though  very  convenient  clinically,  has  do  pathological 
basis,  and,  moreover,  all  intermediate  degrees  be! 

occur.  At  the  same  time,  it  is  convenient,  for  purposes  of  description, 
to  describe  the  two  forma  separately. 

(a)  SIMPLE    (NON-ULCERATIVE)    ACUTE    ENDOCARDITIS— This 
form  occurs  most  commonly  in  acute  rheumatism,  and  in  allied  condil 
such  as  chorea.    About  80  to  90  pei  cent,  ol  th<  are  rheumatic  in 

origin.    Cases  have  been  described  as  following  scarlet  fever  and  » 
other  infectious  diseases,  and  a]  ccurring  dtu  I  apparently 

ciated  with,  Bright's  disease.  Jn  definitely  rheumatic  cases,  se\ 
observers  have  described  the  presence  of  bacteria,  and  the  organism  which 
has  received  the  greatest  support  as  the  cause  of  the  disease  is  a  small 
diplococcus  described  by  Wassennann,  and  afterwards  by  Poynton  and 
Paine  and  others.  This  diplococcus  has  been  isolated  in  cases  of  acute 
rheumatism;  and,  following  upon  its  inoculation  into  rabbits  and 
monkeys,  typical  rheumatic  arthritis,  accompanied,  in  many  cases,  by 
endocarditis,  has  resulted.  Much  evidence  has  been  brought  forward 
in  support  of  the  causal  relationship  of  this  organism  to  rheuma- 
tism, but  at  present  the  case  remains  sub  judice.  The  experimental 
work  done  by  one  of  the  writers  *  leads  us  to  support  very  strongly  the 
view  that  the  Diplococcus  or  Streptococcus  rhcumaticus  is  a  causal  factor. 
This  organism  may  be,  and  probably  is,  a  common  inhabitant  of  the 
mouth  and  the  intestine.  Under  certain  circumstances,  it  assumes  a 
more  or  less  virulent  character.  This  increased  virulence  may  be  inherent 
in  the  organism  itself,  or  it  may  be  a  result  of  the  lowering  of  the  vitality 
and  resisting  power  of  the  individual  attacked.  According  to  this 
view,  the  endocarditis  of  scarlet  fever  or  of  any  infectious  disease,  or 
even  that  seen  in  Bright's  disease,  may  have  as  its  primary  cause  the 
same  organism,  which,  under  different  circumstances,  can  give  rise  to 
acute  rheumatism  and  chorea,  and  even  to  ulcerative  endocarditis  and 
septicaemia  or  pyaemia.  There  is  also  evidence  that  acute  endocard- 
itis of  a  non-ulcerative  type  is  set  up  by  the  P/tcumococcus,  the 
Gonococcus,  and  other  common  pathogenetic  bacteria;  but  such  i 
are  comparatively  rare,  and  the  commoner  result  of  infection  by  t; 

oisms  is  an  ulcerative  and  destructive  change  in  the  valves.    The 
minute  vegetations  which  are  Bometinn  on  the  valves  in  debili- 

pulmonary  tuberculosis,  di 
may  also  be  bacteria]  in  origin,  the  low  bactericidal  power  of  the  blood 
in  tl  es  predisposing  to  infective  conditions. 

Morbid  Anatomy  and  Histology.  The  valves  are  the  Bpecial  sit 
endocarditis,  though,  in  Borne  cases,  there  is  a  spread  to  the  adja 
parts  of  the  endocardium.    During  extra-uterine  life,  the  valves  of  the 

1  1'  Jour.   Path,  and  BacL,  March  1904;  Jour.  M ed.  Research,  January 

Jour,  Exp.  Mod.,  March  r- 
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left  side  of  the  heart  are  more  frequently  affected  than  those  of  the  right 
side,  and  the  mitral  more  commonly  than  the  aortic,  though  both  may  be 
attacked  at  the  same  time.  After  birth,  it  is  rare  to  get  a  primary  endo- 
carditis affecting  either  the  tricuspid  or  pulmonary  valves  alone;  but, 
in  intra-uterine  life,  the  valves  on  the  right  side  seem  specially  to  suffer. 
This  variation  in  incidence,  occurring  in  these  two  periods,  is  probably 
to  be  explained  b}^  the  fact  that  the  strain  is  greatest  on  the  right  side 
during  intra  -  uterine, 
and  on  the  left  side 
during  extra  -  uterine, 
life,  this  strain  render- 
ing the  valves  more 
vulnerable  to  attack  by 
bacteria.  The  affected 
valves  —  which  often 
shew  a  slight  pinkish 
tint  from  blood-stain- 
ing —  become  swollen 
and  translucent,  espe- 
cially at  or  near  their 
free  margins,  which 
usually  present  an  ir- 
regular, beaded  appear- 
ance. If,  as  may  occur 
especially  along  the 
margins  of  contact,  the 
swollen  and  softened 
endothelial  cells  become 
loosened  and  detached 
— or  even  without  the 
loss  of  the  covering  en- 
dothelium—the  blood- 
platelets  tend  to  adhere 
to   the   roughened  and 


-gglu- 


Fig.  233. — Acute  Endocarditis,  with  vegetations  on  the 
anterior  cusp  of  the  mitral  valve  and  on   the  aortic 
valves.     (Edinburgh  University  Anatomical  Museum. 
Cir.  F.  b.  4.) 
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damaged  surface,  a 
tinating      into      small 

masses,  at  first,  papillary  in  character  and  resembling  a  delicate 
velvet-pile;  but  later,  becoming  increased  in  size  by  a  further 
deposit  of  platelets.  Leucocytes  become  entangled  among  these, 
and  may  break  down  and  bring  about  the  formation  of  fibrin. 
Thus,  the  vegetations  enlarge  and  become  more  opaque,  and  of 
a  whitish  or  yellowish-white  colour,  in  some  cases  attaining  a  con- 
siderable size.  Microscopically,  they  are  seen  to  be  non-vascular, 
homogeneous  masses  composed  of  fused  blood-platelets  and  fibrin. 
Bacteria  are  usually  present  at  some  stage  in  the  process  of  formation, 
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but  they  may  be  destroyed  01  bo  altered  that  tl>ey  are  not  seen  after 
death.    On  the  mitral  segments,  the  vegetations  are  almost  invariably 
on  the  auricular  surface  near  the  bee  margins;  and, on  the  aortic  CO 
they  are  most  commonly  found  on  the  ventricular  aspect,  at  or 
the  edges  of  apposition,  along  the  lunulae  and  on  the  oorp  antii. 

If  the  inflammation  is  intense  in  the  mitral  segments,  it  may  gpi 
to    the    chordae   tendinese,   and    even    to   the    papillary    muscles    and 
neighbouring  endocardium.     These  structures  become    swollen    and    in- 
filtrated    with     inflammatory     products,     and     the    chordae    tendineae 
sometimes  rapture.     Prom  the  aortic  cusps,  there  may  be  a  spread  to 

the  wall  of  the  ventricle,  but  this  occurs  chiefly 
in  the  ulcerative  type. 

(b)  ULCERATIVE,       "MALIGNANT  or 

"SEPTIC"  ENDOCARDITIS  may  be  divided 
into  two  forms,  a  primary  one  resulting  from 
the  direct  action  of  bacteria  in  pyaemia,  septi- 
caemia, etc.,  and  a  secondary  form  where,  in 
the  course  of,  or  as  a  sequel  to,  an  acute. 
simple  endocarditis,  ulceration  supervenes.  The 
changes  produced  in  the  two  forms  are  practically 
identical  in  character,  and  the  same  organism 
may  cause  either.  It  is  therefore,  unnecessary,  t<> 
maintain  the  distinction.  Of  the  organisms 
found  in  the  ulcerative  variety,  probably  one 
of  the  most  important  is  Pneumococcus,  but 
Staphylococcus  pyogenes  aureus,  Streptoco 
pyogenes,  B.  coll,  B.  typhosus,  Gonoeoccus,  Si- 
tococcus  rheumaticus.  and  other  organisms  may 
be  causal.  Some  of  these,  especially  Gonoeoccus 
and  Pneumococcus,  also  give  rise  to  arthritis, 
and  this  may  be  associated  with  the  endocarditis. 
It  has  been  shewn  by  experiment  that  Strepto- 
coccus rheumaticus.  isolated  from  a  case  of  simple  rheumatic  endocarditis 
in  the  human  subject,  may  ^ive  rise  to  either  a  simple  or  to  an 
ulcerative  endocarditis  in  different  animals  of  the  same  species;  and  it 
is  also  an  established  fact  that  an  originally  simple  endocarditis  i 
assume,  later,  the  ulcerative  or  "malignant  "  t\ 

Morbid  Anatomy  and  Histology.— The  valves  on  the  left  side  of  the 
heart   are  nmM   commonly  attacked  in  both  types  of  the  disease,  but  an 

affection  of  the  valves  of  the  righl  side  more  frequently  arises  in  the 

ulcerative  than  in  the  simple  tyj 

The  inflammation  in  the  ulcerative  variety  of  I  ually 

much   more   intense   and   more   wide]  1.   and   the 

commonly  larger,  much  softer,  and  more  friable  than  in  the  simple  form. 
They  frequently  extend  to  the  endocardium  of  the  adjacent   heart-wall 


Fig.  234. — Acute  Ulcerative 
Endocarditis    of     Aortic 
Valve,  with  extensive  de- 
lion  and  perforation 
ofth<  Edinburgh 

I'ni.  Anatomical 

klogne   No., 
Cir.  1\  b.  1.) 
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— especially  to  any  part  coming  in  contact  with  the  valves  or  vegetations 
upon  them — and  to  the  aorta.  Ulcerative  and  other  destructive  changes 
are  common  both  in  the  valves  and  in  the  heart-wall,  leading  to  perfor- 
ation of  the  valves,  and,  in  very  severe  cases,  to  perforation  of  the  wall 
of  the  ventricle  at  the  pars  membranacea  septi,  or  of  the  aorta  into  the 
pulmonary  artery  at  the  origin  of  the  former  vessel.  Aneurisms  of  the 
valves  may  be  produced,  and  these,  at  a  later  period,  may  rupture,  causing 
perforation.  Such  aneurisms  are  found  especially  on  the  mitral  and 
aortic  segments.     In  the  case  of  the  mitral,  they  usually  occur  on  the 


Fig.  235. — (1)  Rupture  of  a  previously  diseased  aortic  cusp.  (2)  Thickened  cusp  still  in 
position.  (3)  Anterior  cusp  of  mitral  valve.  Note  the  marked  dilatation  of  the 
left  ventricle.     (Specimen  lent  by  the  late  Professor  Greenfield.) 

anterior  flap,  are  directed  upwards  towards  the  auricle,  and  may  perforate 
into  it.  On  the  aortic  segments,  they  are  generally  directed  downwards, 
and  perforate  towards  the  ventricle.  When  such  perforation  has 
occurred,  a  ring  of  vegetations  is  usually  found  projecting  from  the 
surface  around  the  orifice.  Aneurisms  are  also  formed  in  the  wall  of 
the  aorta,  near  its  origin,  or  in  the  wall  of  the  heart  close  to  the 
origin  of  the  aorta,  and  these  project  towards  the  pulmonary  artery  or 
the  right  ventricle,  into  which  they  may  open — though  rupture  into 
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the  pericardium  is  more  usual.     Id  .  rupture  of  the  valves, 

or   of    the    chorda)   tendineae,  occurs;    and  illy  in    those    which 

are  secondary  to  old  endocarditis,  the  inflammation  may  spread  for  a 
considerable  distance  into  the  ventricular  wall,  and  give  rise  to  an 
extensive  myocarditis.  On  account  of  the  destructive  changes  which 
take  place  in  the  valves,  the  softened  and  friable  vegetations,  or  fi 
of  these,  are  very  easily  detached,  and  may  give  rise  to  multiple  emboli 
in  the  vessels  of  the  spleen,  kidney,  brain,  intestine,  heart,  etc.,  and,  in 
these  organs,  produce  such  conditions  as  septic  infarcts,  al 
ulceration,  or  gangrene. 

Sequelae  of  the  inflammatory  process.— If  slight,  the  inflammation 
generally  subsides  and  the  parts  return  to  their  normal  condition.  More 
usually,  however,  there  is  some  permanent  damage  to  the  valves,  and 
this  is  generally  increased  by  recurrent  attacks,  which,  especially  in 
rheumatic  endocarditis,  are  very  common.  Among  the  more  usual 
resulting  changes  are  : — 

i.  Adhesions,  which  tend  to  form  first  at  those  parts  of  the  valve 
where  the  segments  are  nearest  to  one  another.  The  mitral  valve- 
segments  become  adherent  at  the  free  lateral  margins,  between  the 
adjacent  chorda)  tendineae,  and  thus  give  rise  to  a  funnel-shaped  narrowing 
of  the  mitral  orifice.  At  a  later  period,  marked  shrinking  and  fibrosis 
take  place  in  the  segments,  the  chorda?  tendinese  become  bunched  to- 
gether, thickened,  shortened,  and,  it  may  be,  adherent  at  places,  producing 
a  small  opening  at  the  lower  end  of  the  funnel  (see  fig.  237).  On  the 
other  hand,  the  segments  may  become  partially  united  on  their  adjacent 
surfaces  in  such  a  way  that  a  slit -like  or  crescentic  opening  is  formed 
— the  so-called  button-hole  form  of  mitral  stenosis  (see  tig.  240).  One  or 
other  of  these  types  of  mitral  stenosis  is  a  common  result  of  endocarditis, 
whereas  incompetence  of  the  valve,  unassociated  with  stenosis,  is  a 
somewhat  rare  sequel.  In  the  aortic  valve,  the  adjacent  c 
may  become  adherent  to  one  another,  producing  stenosis  of  the 
orifice. 

ii.  Contraction  and  thickening  of  the  valves  are  common  results  of  an 
acute  endocarditis,  for,  during  the  inflammatory  process,  bhei 
produced  in  the  valve  a  form  of  granulation-t  issue,  which  becomes 
organised  and  transformed  into  fibrous  tissue.  The  thickening  and 
contraction,  thus  produced,  gives  rise  to  deformity  of  the  valve- 
s. •-incuts  and  consequent  incompetence  of  the  valves.  This  incom- 
petence is  more  particularly  liable  to  occur  in  the  aortic  valve.  In 
the  case  of  the  auriculo-ventricular  valves,  the  fibrosis  and  contraction 
spread  usually  to  the  chord 83  tendineae  and  to  the  papillary  muscli 

iii.  Calcification.  After  the  inflammatory  process  has  subsided, 
secondary  degenerative  changes  are  very  liable  to  occur,  and  lime-salts 
are    deposited    in    the  rated    areas.    This    calcification    causes 

rigidity,  roughness,  and  irregularity  of  the  valves;  produces  incompetence 
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and  stenosis ;  and,  on  account  of  the  damage  to  the  endothelium,  leads 
to  the  formation  of  thrombi  (vegetations)  on  the  segments. 

SUBACUTE  BACTERIAL  ENDOCARDITIS.— Several  authors  have 
described,  under  this  name,  a  form  of  endocarditis,  which  may  be  said  to 
occupy  a  position  midway  between  the  simple  and  the  malignant  or 
ulcerative  type.  The  onset  is  insidious,  the  condition  frequently  arising  in 
patients  already  suffering  from  cardiac  disease  itself — pre-existing  valvular 
lesions,  hitherto  typically  quiescent,  becoming  the  seat  of  a  fresh  infection. 
The  valves  involved  are  the  aortic  and  the  mitral,  the  former  more  fre- 
quently than  the  latter.  The  vegetations,  which  are  usually  extensive, 
vary  in  appearance  and  consistence,  and  tend  to 
spread  from  the  primary  seat  of  infection  to  the 
adjacent  endocardial  wall  and  to  the  neighbouring 
valve.  In  old  cases,  the  vegetations  become  firm, 
and  often  calcareous ;  but,  in  the  early  stages, 
they  are  extremely  friable.  In  most  instances, 
the  heart  is  enlarged.  Detachment  of  vegeta- 
tions, with  consequent  embolic  infarction  in  various 
organs,  e.g.  brain,  spleen  and  kidney,  is  common,  fig.  236.— Chronic  Endo- 
Libman  claims  that   95   per  cent,  of  such  cases      carditis  of  the  Aortic 

t  ,  ,    ,.         .       .  n     .,  Valve,     with     nodular 

are  due  to    a    naemolytic    streptococcus,    and  the      thickening  and  caicifi- 
remaining    5    per   cent,    to    other  bacteria,  e.g.      cation,    and    shewing 

n      .    r,  .        T      .  adhesions  between  the 

B.  influenza,  gonococcus,   jpneumococci,  etc.  It  is      cusps.         (Edinburgh 

generally   recognised   that,   in    all    inflammatory      University  Anatomical 
°      ,.  .  i  i  Museum.         Catalogue 

conditions,  subacute  cases  occur,  and  that,  espe-       No.,  Cir.  F.  e.  3.) 

cially  in  the  heart,  subsequent  attacks  are  very 

liable  to  take  place  on  valves  already  damaged  by  a  previous  attack. 

From  the  pathological   standpoint,  therefore,   there  seems   very   little 

justification  for  the  term  "  subacute "  being  applied    to    such    cases, 

though,  from  the  clinical  side,  the  term  may  be  useful.     It  should, 

however,  be  clearly  understood  that  this  disease  is  not  a  newly  recognised 

one,  and  that  all  the  post-mortem  appearances  have  been  described  under 

acute  endocarditis  and  its  sequelae. 

CHRONIC  ENDOCARDITIS.— In  this  condition,  the  affected  parts  of 

the  valves  are  thickened  and  opaque ;  and  sometimes,  along  the  edges,  firm, 

ncdular  elevations  are  found.     On  microscopical  examination,  the  valves 

are  seen  to  be  the  seat  of  fibrous-tissue  formation  in  which  degenerative 

changes  occur,  and  which,  by  its  contraction,  produces  shrinking,  and 

perhaps  puckering,  of  the  valves,  and  impairment  of  their  function.     In 

the  degenerated  areas,  in  the  early  stages,  the  sub-endothelial  cells  may 

shew  necrosis  and  fatty  degeneration,  while,  at  a  later  stage,  lime-salts 

are  deposited,  and  the  valve-segments  become  much  thickened,  very 

rigid,  and  even  almost  entirely  calcified.     The  chordee  tendineoo,  which 

often   share  in  the  process,  become  shortened    and    thickened.    As   a 
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result  of  these  chanj  of  blue  orifices  and  incompetence  of  the 

valves  may  be  produ< 

The  aortic  cusps  are  most  frequently  affected,  and  the  condition  is 
specially  seen  along  their  margins  of  contact — at  or  Dear  the  corpora 
Arantii — and  along  the  attached  borders.    In  the  mitral  valve,  the  chai 
are  usually  not  bo  marked  and  are  often  limited  to  the  anterior  curt 
cially  towards  its  base  near  the  aortic  valve,  at   which  part  it  is 

exposed  to  the  strain,  not  only  of  the  auriculo-vent  ricular.  but  also  of  the 
vent  riculo-arterial,  blood-stream. 


237. — Chronic  Endocarditis  ufthe  Mitral  Valve,  with  shortening  and  adhesion  of  the 

chonhf  tcndinea.-,  and  extreme  Btenosia  of  the  orifice.     There  are  small  recent 
tatioos  on  the  aortic  cuaua.     (Edinburgh  Univenit]  Anatomical  Museum.    Catalogue 
No.,  Cir.  F.  f.  2.) 

Chronic  endocarditis  mav  be  a  sequel  of  acute  endocarditis  or  it  may 

I"-  a  primary  degenerative  condition,  produced  gradually  by  the  action  of 

•  irritant  present  in  the  circulating  blood.    Tims,  it  occurs  in  gout,  in 

tit 's  disease,  in  chronic  alcoholism,  chronic  lead-poisoning,  and  syphilis. 

In  old  age,  it  occurs  edition — Chronic  Fibroid 

Degeneration -and  is  frequently  ated    with  similar  degenerative 

conditions  in  the  vessels. 

TUBERCULOSIS.—  Tubercles,  usually  of  small  sue  and  lew  in  QUI 
ionally   occur    in    the    endocardium,   especially    on    the    ventricular 
septum.      Rarely,  a  moi  rive  tuberculous  endocarditis  is  found. 
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VALVULAR   DISEASE   OF   THE   HEART 

Having  studied  endocarditis  and  its  effects  upon  the  various  valves 
of  the  heart,  it  is  convenient  at  this  point  to  consider  the  causes  of  the 
condition,  and  the  effects  produced  on  the  heart  itself,  and  also  on  the 
circulation,  by  those  lesions  which  give  rise  to  obstruction  of  an  orifice, 
to  regurgitation  through  the  orifice,  or  to  a  combination  of  both  of  these 
conditions. 


Fio.  238. — Great  Hypertrophy  (combined  with  Dilatation)  of  Right  Ventricle  in 
Mitral  Stenosis.     Note  the  comparatively  small  size  of  the  left  ventricle. 

1.   THE   MITRAL  VALVE 

(a)  MITRAL  STENOSIS.— This  is  most  commonly  the  result  of  an 
attack,  or  series  of  attacks,  of  endocarditis,  leading  to  adhesion  of  the  valve- 
curtains  to  one  another,  and  to  narrowing  of  the  orifice. 

If  the  stenosis  is  extreme,  and  if  there  is  no  regurgitation,  the  left 
ventricle  may  become  atrophied,  owing  to  the  fact  that  very  little  blood 
passes  into  it,  and  that,  in  consequence,  its  wrork  is  very  much  lessened, 
this  diminution  in  functional  activity  leading  to  atrophy.  The  blood- 
pressure  in  the  left  auricle  is  raised,  and  the  auricle,  having  to  drive  on 
its  blood  against  a  greater  resistance,  becomes  dilated  and  hypertrophied. 
It  becomes  lengthened  in  its  vertical  diameter,  and  assumes  a  some- 
what conical  shape;  and  its  appendix  is  enlarged  and  elongated,  and 
may   extend    round   in    front    of   the    pulmonary   artery,    or   even    be 
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doubled   on   itself   like    a    horseshoe.     Thrombosis    may    occur    in 
appendix  or  in  some  other  part  of  the  auricle;  ami  the  endocardium 
of  the  chamber  becomes  thickened  and  shews  an  opaque-white,  fibrous 
appearance.    Furl  her,  the  increased  ace  in  the  left  auricle  !• 

to  venous  congestion  in  the  lungs,  and  the  extra  pressure  thus  pro- 
duced   in    the    pulmonary 

0   hear  upon 
the  right  side  of  the  heart. 

The  pulmonary  arteries  be- 
come dilated  and  thickened, 
and  may  shew  a  consider- 
able degree  of  atheroma. 
The  right  ventricle  under- 
goes dilatation  and  hyper- 
trophy, assuming  a  some- 
what quadrilateral  shape, 
due  in  part  to  dilatation  and 
thickening  of  the  conns. 
The  tricuspid  valve,  on 
account  of  the  dilatation  of 
the  ventricle  and  the  in- 
ability of  its  segments  to 
close  the  orifice,  may  become 
incompetent.  The  right 
auricle,  as  a  result,  under- 
goes dilatation  and  hyper- 
trophy; its  endocardium 
becomes  thickened,  as  does 
that  of  the  right  ventricle, 
and  thrombosis  may  occur 
in  the  auricle,  especially  in 
its  appendix,  which  is  also 
dilated  and  elongated.  Ob- 
struction to  the  systemic 
venous  return  into  the  right 
auricle  is  thus  brought 
about,  and  the  condition  of 
chronic  venous  congestion 
occurs    in    the    various    organs    and    tissui 

(b)  MITRAL    INCOMPETENCE    is  usually  due    to    old    endocarditis 
with  a  combination  of  retraction  and  contraction  of  the  valve-.- 
though  it  also  is  a  sequel  of   dilatation  of  the   left    ventricle  and  the 
valve-ring.    As  8  [uence  of  the  condition,  the  left  auricle  becomes 

dilated.     There    may   be  some    hypertrophy,  but  this  is   not  a    special 
feature  of  the  incompetence.     The  left  ventricle  undergoes  dilatation 


$ 


Fig.  230. — Hypertrophy    and    Dilatation    of    Left 

Ventricle  in   Aorti.  Below  is    a 

oeai  the  apex  of  the  ventricles)  of  a 
.similar  specimen. 
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and  hypertrophy.  The  remaining  chambers  of  the  heart,  as  well  as 
the  lungs  and  other  viscera,  show  changes  almost  identical  with  those 
seen  in  mitral  stenosis. 

In  cases  of  mitral  stenosis  or  mitral  incompetence  in  which  a  general 
condition  of  chronic  venous  congestion  is  produced,  the  heart-muscle, 
especially  of  the  right  ventricle,  feels  very  tough  and  indurated — 
a  condition  which  is  sometimes  mistaken  for  interstitial  myocarditis. 
The  firmness  is  really  due  to  an  over-filling  and  distension  of  the  blood- 
vessels, and  a  very  similar  physical  condition  may  be  produced  experi- 
mentally by  injecting  the  coronary  arteries  with  water.  The  condition 
is  that  of  chronic  venous  congestion  of  the  heart-muscle. 

2.   THE  AORTIC  VALVE 

(a)  AORTIC  STENOSIS. — This  is  generally  a  sequel  of  endocarditis. 
On  account  of  the  narrowing  of  the  orifice,  the  left  ventricle  requires  to 
exert  greater  force  in  order  to  expel  its  blood.  The  result  is  a  gradual 
elongation  and  slowly-produced  thickening  of  the  muscular  wall  of  the 
left  ventricle.  There  may  be  little  or  no  dilatation,  so  long  as  the  hyper- 
trophy is  sufficient  to  "  compensate"  for  the  increased  resistance;  but, 
if  compensation  fails,  dilatation  of  the  left  ventricle  also  ensues,  and, 
eventually,  there  arise  conditions  similar  to  those  seen  in  cases  of  mitral 
incompetence. 

(b)  AORTIC  INCOMPETENCE.— This  may  be  produced  by  endo- 
carditis (pp.  510  et  seq.),  by  degenerative  changes  in  the  valves,  or  by 
rupture — usually  the  result  of  a  violent  strain,  a  crushing  injury  to  the 
body,  or  a  blow — of  valves,  especially  those  which  are  weakened  by 
degenerative  changes  or  by  simple  endocarditis  (see  figs.  235,  236,  237). 
It  is  much  commoner  than  stenosis,  though  the  two  conditions  may  be, 
and  frequently  are,  associated.  As  a  result  of  the  incompetence,  the  left 
ventricle  becomes  hypertrophied,  and,  if  the  regurgitation  of  blood  is  con- 
siderable, the  degree  of  dilatation  may  also  be  very  great.  The  dilatation, 
by  stretching  of  the  auriculo-ventricular  ring,  leads  to  secondary  incom- 
petence of  the  mitral  valve,  with  all  its  resulting  effects  on  the  heart  and 
other  organs.  Further,  on  account  of  the  regurgitation  of  blood,  in 
incompetence  of  the  aortic  valves,  the  coronary  arteries  do  not  get  properly 
filled,  and,  as  a  result,  the  nutrition  of  the  heart-wall  surfers.  The 
muscular  substance  is  not  now  able  to  respond  to  the  extra  strain  thrown 
upon  it,  and  still  further  dilatation  of  the  various  chambers  follows. 

3.   TRICUSPID  VALVE 

(a)  TRICUSPID  STENOSIS  may  result  from  ulcerative  endocarditis 
at  any  time  of  life,  but  is  most  commonly  caused  by  simple  endocarditis, 
either  during  intra-uterine  or  very  early  in  extra-uterine  life.  According 
to  Greenfield — and  our  own  observations  confirm  his  teaching — it  is 
almost   constantly   associated   with   mitral   stenosis,    and,   further,    the 
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tricuspid  orifice  is  never  so  much  contracted  as  the  mitral.  The  results 
of  this  double  stenosis  are  a  vertical  elongation  of  both  auricles,  dilatation 
of  their  cavities,  hypertrophy  of  their  walls,  and  an  elongation  of  their 
appendices,  which  may  almost  meet  on  the  anterior  aspect  of  the  b 
Usually,  the  ventricles  arc  not  much  affected,  though  there  is  sometimes 
a  slight  amount  of  dilatation.  The  double  stenosis,  unless  extreme, 
produces  comparatively  little  effect  on  the  general  and  pulmonary  circu- 
lations, the  stenosis  of  the  tricuspid  orifice  seeming  to  protect  the  lungs 
from  the  effects  of  the  mitral  lesion,  and  helping  to  balance  the  blood-flow 
on  the  two  sides.  This  condition  is  found  in  a  proportion  of  cas« 
exophthalmic  goitre  (Greenfield). 

(b)  TRICUSPID   INCOMPETENCE   may    be   produced   by  ulcerative 


Fig.  240. — Mitral  and  Tricuspid  Stenosis  from  a  case  of  Exophthalmic  Goitre. 
1.  Aorta.     2.  Pulmonary  artery.     3    Mitral  orifice.     4.  Tricuspid  orifice. 

endocarditis ;  but  by  far  the  commonest  cause  is  dilatation  of  the  right 
ventricle,  and,  consequently,  of  the  valve-ring,  to  such  an  extent  that  the 
valve-segments  are  unable  to  close  the  enlarged  orifice — complete  closure 
being  also  prevented  by  the  chordae  tendineae,  which  are  now  of  insuf- 
ficient length.  This  incompetence  may  be,  as  has  been  pointed  out.  a 
result  of  the  dilatation  following  mitral  disease,  but  dilatation  from  any 
cause,  e.g.  that  following  obstruction  in  the  lungs  by  local  pulmonary 
disease,  may  produce  it. 

4.  PULMONARY  VALVE 

(a)  PULMONARY  STENOSIS.— This  may,  during  extra-uterine  life, 

be  a  result  of  ulcerative  endocarditis.  Generally,  however,  the  condition 
is  produced  during  intra-uterine  life,  and  is  caused  by  an  attack  of 
foetal  endocarditis,  or  may  be  the  result  of  mal-devclopment.  If  it 
occurs  before  the  inter-ventricular  septum  has  been  completely  foru 
the  further  growth  of  the  septum  may  be  arrested,  and  a  permanent  com- 
munication will  be  established  between  the  two  ventricles.  If  it  occurs 
at  a  later  period,  the  chief  effect  is  an  enormous  hypertrophy  of  the  right 
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ventricle.  In  such  instances,  the  foramen  ovale  is  frequently  found  to  be 
patent.  In  some  extreme  cases,  there  is  very  marked  deviation  of 
the  septum  between  the  aorta  and  the  pulmonary  artery,  and  the  aorta 
opens  from  both  ventricles. 

(b)  PULMONARY  INCOMPETENCE,  from  disease  or  from  tearing 
of  the  cusps  by  severe  crushing  injuries  to  the  chest,  may  occur,  but 
is  very  rare,  and  does  not  call  for  further  description. 

THROMBI  IN  THE  HEART 

These  may  be  divided  into  three  main  classes  : — 

(1)  Irregular  nodular  or  papilliform  thrombi  or  vegetations,  which 
form  on  the  valves,  have  been  described  under  Endocarditis. 

(2)  Globular  thrombi  are  rounded  or  oval  bodies  which  are  generally 
soft  or  even  fluid  in  the  centre.  They  vary  in  size,  and  may  be  so  large 
as  almost  to  fill  a  cavity  of  the  heart.  They  are  found  mainly  in  dilated 
and  hvpertrophied  chambers,  where  the  blood-flow  is  more  or  less  inter- 
fered with,  or  where  eddies  are  formed.  Thus,  they  are  found  at  the  apices 
of  the  ventricles,  or  entangled  in  the  columnar  carnese,  and  in  the  auricles 
where  there  is  obstruction  to  the  outflow  of  blood  from  narrowing  of  the 
valvular  orifices. 

(3)  Ante-mortem  thrombi  and  post-mortem  clotting  are  fully  discussed 
under  Thrombosis  (see  p.  141). 

III.  MYOCARDIUM 

ATROPHY. — In  old  age,  the  heart  may  be  comparatively  healthy 
and  vigorous,  atrophy  not  being  so  common  in  it  as  in  some  other  organs 
of  the  body.  When  it  does  occur  in  old  age,  the  probable  explanation 
is  that  the  heart,  on  account  of  the  degenerative  changes  in  the  vessels 
throughout  the  body, has  to  work  against  greater  resistance, and, therefore, 
first  undergoes  hypertrophy :  and  that  this  condition  of  hypertrophy  will 
be  maintained  until  it  has  reached  a  certain  hmit,  after  which  the  heart- 
muscle  becomes  exhausted,  atrophy  then  supervening.  The  period  at 
which  this  exhaustion  takes  place  varies,  and  is  dependent, to  a  considerable 
extent,  on  the  nutritive  capacity  and  blood-supply  of  the  heart -muscle. 
If  the  coronary  arteries  are  degenerated,  and  the  vascular  supply  of  the 
heart  is  thus  impaired,  atrophy  is  liable  to  occur  at  an  earlier  stage.  The 
wasting  usually  affects  all  the  structures  of  the  heart,  the  surface  becomes 
wrinkled,  and  the  arteries  tortuous.  The  muscle  assumes  a  dark-brownish 
colour— Pigmentary  Degeneration— and  the  whole  heart  is  atrophied, 
hence  the  name  Brown  Atrophy  applied  to  this  condition  (see  p.  72). 

On  microscopical  examination,  the  muscle-fibres  are  lessened  in 
diameter,  and  an  excessive  amount  of  yellowish  granular  pigment  may 
be  seen  in  the  protoplasm  around,  and  especially  towards  the  poles,  of 
their  nuclei  (see  Plate  III,  fig.  4,  p.  74). 
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The  atrophy    may    be    •  .   the  heart   being   reduced,   even  to 

one-third  of  its  normal  weight.  This  com  lit  ion  is  often  well  exempli- 
fied in  the  atrophy  seen  in  wasting  diseases,  e.g.  i  diabetes 
mellitus,  etc.    In  chronic  pulmonary  tuberculosis,  the  a  dition  is 

sometimes  ^evw,  but,  in  this  disease,  hypertrophy  and  dilatation, 
associated  with  the  vascular  obstruction  in  the  lungs,  are  frequently 
pronounced  pathological  changes. 

The  atrophy  may  be  localised,  as  a  result  of  loss  of  functional  activity 
in  any  part  of  the  heart.    Thus,  in  extreme  mitral  Bt  left 


1  att\  tion   of  Heart-Mu.scl(\   from   a   case 

anaemia.     Stained  with  osmic  acid.      X  400. 


of  pernicious 


ventricle  receiv<  ly  reduced  volume  of  blood  through  the  oarro 

orifice,  and,  in  consequence,  has  its  work  much  diminished,  and  may  under- 
go  \  trophy.     Or  again,   especially   in   the   right,   but 

Bometimefl  also  in  the  left,  ventricle,  where  hypertrophy  has  last 

time,  a  supervening  atrophy  of  the  papillary  muscles  and  the  columns? 

carnese  is  a  very  constant  feature. 

DEGENERATIONS  :— 

(a)  CLOUDY    SWELLING    of    the    heart-muscle    is    comparatively 
common  in  acute  infective  diseases,  ily  diphtheria,  scarlet  f- 

septicaemia,  pneumonia,  etc.    It  occurs  most  markedly  in  the  muc 
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fibres  of  the  left  ventricle.  To  the  naked  eye,  the  myocardium  usually 
shews  a  cloudy  pinkish-red  opacity  and  loss  of  the  reddish-brown,  semi- 
translucent  appearance  characteristic  of  the  normal  heart-muscle.  In 
many  cases,  however,  there  are  little  or  no  obvious  naked-eye  charac- 
teristics, but,  microscopically,  the  muscle-fibres  are  swollen  and  are 
closely  packed  together.  The  striation  may  be  more  or  less  obscured, 
the  nuclei  may  shew  karyorrhexis,  and  coarse  granules  are  sometimes 
seen  scattered  in  the  cell.  In  the  connective  tissue  of  the  narrowed  inter- 
muscular spaces,  there  may  be  a  few  leucocytes.     In  severe,  advanced 


Fig.  242. — Fatty  Degeneration  of  Heart-Muscle.     Stained  with  o^mic 

acid.     X  200. 

cases,  the  muscle-fibres  are  semi-translucent  and  swollen,  and  may  even 
shew  transverse  fracture  or  fragmentation — an  appearance  very  similar 
to  Zenker's  degeneration.  Cloudy  swelling  of  the  heart-muscle  is  very 
frequently  combined  with  some  degree  of  acute  fatty  change. 

(b)  FATTY  DEGENERATION  of  the  heart  is  extremely  common, 
especially  in  minor  degrees,  and  is  found  as  a  result  of  any  debilitating 
disease,  and  also  as  a  senile  change.  In  a  more  pronounced  degree,  it  occurs 
in  diseases  such  as  pernicious,  and  other  forms  of,  anaemia,  leukaemia, 
and  some  acute  fevers,  where  there  is  a  marked  deterioration  of  the  blood, 
and  where  some  toxin  is  circulating  in  the  system.  The  toxin  or  other 
poison  is  probably  the  principal  causal  factor.     The  change  is  seen  in  an 
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extreme  degree  in  phosphorus-  and  chloroform-poisoning,  and  ii  also  a 
pronounced  feature  of  chronic  alcoholic  poisoning.  The  presence  of  the 
coi  dition  is  indicated  by  a  varying  degree  of  a  diffuse  yellowish  colour 
throughout  the  muscle-fibrefl  (diffuse  fatty  degeneration),  often  d 
marked  in  certain  areas  than  in  others,  or  by  pale  or  yellowish-white 
alar  patches  in  the  fibres  which  lie  immediately  under  theendocardium, 

especially  those  ^(  the  papillary  muscles  and  the  wall  of  the  left  ventricle, 
particularly  the  septum.     This  patchy  distribution   or  mottling  is   very 
well  seen  in  the  heart  in  some  cases  of  pernicious  anaemia,  and  has  I 
described  as  the  "  thrush-breast  "  appearance.    The  d  muscle  is 


Fig.  243. — Fatty  Infiltration  of  Myocardium  of  Right  Ventricle.     The 
muscular  fibres  have  been  almost  completely  replaced  by  fat. 

usually  flabby  and  friable  and  feels  greasy  to  the  touch.  On  micro- 
scopical examination,  the  fat-globule*  en,  very  often  in  rows  in  the 
muscle-fibres,  replacing  some  of  the  fibrils  (see  figs.  241  and  242). 
Fatty  degeneration  may  predispose  to  rupture  of  the  heart-muscle. 

(c)  ADIPOSITY,  or,  as  it  is  very  generally  called,  FATTY  INFILTRA- 
TION, of  1  he  heart,  is  an  abnormal  increase  of  fat  in  situations  in  which  it 

ormally  presenl ,  and  an  infiltration  of  this  fat  into  the  com 
lying  between  the  muscle-bundles.    As  a  result,  atrophy  <>f  the  muscle 

takes  place,  and  at  first  t  he  .superficial,  and  then  t  he  deepei .  layers  <-f  the 
muscular    wall    are    largely    replaced    by    adipn  •  condition 

occurring  progressively  from  without  inwards.    In  .  the 

fat  appears  in  patches   immediately   beneath  the  endocardium.    It   is 

usually   1  i  in  the  right  ventricle,  especially  tOWSJ  pex,  and 

also  in  the  anterior  wall  near  the  interventricular  sept  mm  along  the  line 
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of  the  coronary  artery  in  that  position.  It  is  also  often  well  marked  in 
the  ventricular  wall  just  below  the  auriculo-ventricular  groove  (see fig. 243). 
All  stages  of  the  condition  may  be  traced — from  the  hearts  in  which  the 
sub-epicardial  fat  is  increased  but  shews  no  infiltration,  through  those  in 
which  the  line  of  demarcation  between  fat  and  muscle  has  become  lost, 
up  to  those  in  which  the  entire  muscular  wall  is,  in  certain  areas,  replaced 
by  adipose  tissue.  This  adiposity  of  the  heart  may  be  merely  part  of  a 
general  obesity,  but,  in  other  cases,  it  occurs  without  any  increase  of 
adipose  tissue  elsewhere.  Thus,  it  may  be  seen  in  old  and  debilitated 
persons,  or  in  those  suffering  from  some  emaciating  disease  such  as  phthisis 
or  cancer.  In  such  cases,  it  is  probably  a  sequel,  rather  than  a  cause,  of 
the  wasting  of  the  muscle,  and  appears  to  be  a  process  parallel  with  what 
occurs  in  voluntary  muscle  which  has  lost  its  function.  One  of  the 
commonest  causes  of  fatty  infiltration  of  the  heart  is  degeneration, 
thickening,  and  narrowing  of  the  coronary  arteries  (see  below).  It  is 
common  in  alcoholics,  and  is  then  often  associated  with  atheroma. 

(d)  WAXY,  and  HYALINE  and  CALCAREOUS  DEGENERATIONS 
are  said  to  occur,  but  are  very  uncommon. 

VASCULAR  DERANGEMENTS  :— 

(a)  CHRONIC  VENOUS  CONGESTION  of  the  myocardium  is  a  common 
change,  and  is  especially  associated  with  valvular  disease  and  with  chronic 
venous  congestion  in  other  organs.  The  muscle,  especially  that  of  the 
right  ventricle,  becomes  extremely  firm  and  indurated,  and,  to  the  naked 
eye,  the  wall  of  the  ventricle  appears  hypertrophied.  On  microscopical 
examination,  however,  the  induration  and  increase  in  thickness  are 
found  to  be  due  to  a  distension  of  the  minute  veins  and  capillaries,  and 
not  to  hypertrophy  of  the  muscle-fibres  or  to  increase  in  the  amount  of  the 
inter-muscular  fibrous  tissue. 

(b)  STENOSIS  AND  OCCLUSION  OF  THE  CORONARY  ARTERIES. 
Though  minute  anastomosing  channels  exist  between  branches  of  the 
coronary  arteries,  this  anastomosis  is  so  scanty  and  imperfect  that 
these  vessels  must  be  regarded  as  among  the  end-arteries  of  Cohnheim. 
They  are  peculiarly  liable  to  degenerative  changes,  and  are  among  the 
commonest  sites  of  atheroma.  The  atheromatous  changes  may  occur 
throughout  the  course  of  the  artery,  or  they  may  be  confined  to  the  opening 
from  the  aorta  or  to  the  first  half  inch  of  the  vessel.  The  results  of  these 
degenerative  changes  are,  narrowing,  or  even  complete  obstruction,  of  the 
vessel  or  of  some  of  its  branches,  and  serious  interference  with  the  nutrition 
of  the  heart-muscle.  The  muscle-cells  show  evidence  of  fatty  degeneral  ion 
and  atrophy,  and,  eventually,  the  cells  are  replaced  by  fibrous  tissue. 
These  changes  are  usually  patchy  in  distribution.  Fatty  infiltration  is 
also  a  common  sequel  of  such  arterial  disease.  Further,  thrombosis  may 
occur  in  the  degenerated  vessels,  producing  complete  obstruction.  Block- 
ing of  the  coronary  arteries  may  also  be  caused  by  portions  of  clot  or 
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thrombi  or  vegetations  which  have  become  detached  from  their  site  of 
origin  and  carried  as  emboli  into  the  arteries.  If  these  emboli  are  septic, 
abscesses  may  be  formed  in  the  heart-muscle. 

The  Effects  of  Obstruction  will  van-  somewhat  according  to  the 
suddenness  of  the  onset  and  the  size  of  the  obstructed  vessel.  Sudden 
obstruction  of  an  important  branch,  however  caused,  will,  if  not  im- 
mediately fatal,  give  rise  to  infarction  in  the  heart-wall.  The  vessel 
most  usually  affected  is  the  descending  branch  of  the  left  coronary 
artery,    and,    consequently,    the    common    sites    of    infarction    arc    the 


Fig.  244.— Necrosis  of  Muscle-fibres  of  Heart  (the  pale  area  .  resulting 

ir«. in  thrombosis  in  a  branch  of  the  coronary  artery.      X  300. 

anterior  wall  of  the  left  ventricle  near  the  apex,  and  that  part  of  the 
anterior  wall  immediately  adjoining  the  ventricular  septum.  More  rarely, 
it  occurs  in  the  posterior  wall,  and  almost  never  in  the  right  ventri- 
cular wall.  If  death  does  not  occur  immediately,  the  muscle,  at  first 
reddish,  soon  undergoes  necrotic  changes,  and  becomes  pale-yellowish  in 
colour  and  soft  in  consistence.  This  softened  condition,  called  by  Ziegler 
Myomalacia  cordis,  may  also  be  hflemorr!  id  the  area  so  affected  is 

commonly  surrounded  by  a  zone  of  hyperemia;  and  there  is  usually 
peripheral  infiltration  with  leucocytes.  At  a  later  period,  the  muscle- 
fibres,  on  microscopical  examination,  are  seen  to  be  homogeneous  in  appear- 
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ance,  their  nuclei  having  lost  the  power  of  taking  on  nuclear  stains; 
and  a  progressive  formation  of  fibrous  tissue,  invading  the  area  and 
replacing  the  muscle-fibres,  takes  place.  This  softened  area,  which  has 
lost  its  contractility,  may  become  stretched  by  the  pressure  of  the  blood 
within  the  heart,  and  aneurism  of  the  heart- wall  may  thus  be  produced. 
The  inner  layers  of  muscle  immediately  under  the  endocardium  may  not 
be  affected.  If,  however,  they  also  become  necrotic,  thrombosis  is  liable 
to  occur  in  the  cavity,  the  thrombus  becoming  more  or  less  adherent  to 


Fig.  245. — Aneurism  of  the  Heart.  Thrombosis  has  occurred  iu  the  cavity  of  the  aneurism, 
which  is  situated  in  the  septum  near  the  apex.  (Edinburgh  University  Anatomical 
Museum.     Catalogue  No.,  Cir.  C.  c.  4.) 

the  surface  of  the  infarct.  If  the  infarct  be  small,  complete  absorption 
of  the  muscle-fibres,  and  their  replacement  by  fibrous  tissue,  may  be  the 
ultimate  result.  If  the  vascular  degeneration  leads  to  prolonged  mal-nutri- 
tion  of  the  heart,  gradual  atrophy  and  degeneration  of  the  muscle-fibres, 
and  their  replacement  by  fibrous  tissue,  take  place.  The  patches  of  fibrous 
transformation  vary  in  dimensions,  according  to  the  size  of  the  artery 
obstructed.  If  this  so-called  Fibroid  Degeneration  be  extensive,  an 
irregular  bulging  or  Aneurism  of  the  Heart- Wall  may  be  produced. 

Microscopically,  there  may  be  merely  diffuse  masses  of  well-formed 
fibrous  tissue,  replacing  the  muscle-fibres ;  or,  in  other  parts,  the  atrophied 
muscle-fibres  are  surrounded  by,  and  enclosed  in,  the  fibrous  tissue. 
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ANEURISMS  OF  THE  HEART.— As  already  stated,  aneurisms  of  the 
heart-are  primarily  caused  by  a  degeneration  of  the  muscle-fibres  and  their 
replacement  by  fibrous  tissue.    This  newly-formed  fibrous  tissue  stret ■ 

with  the  diastole  of  the  heart,  but,  being  non-contractile,  it  does  not  return 
to  its  normal  condition  during  systole ;  and  thus,  the  contractile  force 
of  the  rest  of  the  muscle,  being  transmitted  by  the  blood  and  acting 
upon  this  weakened  area,  gradually  produces  a  distinct  bulging  of  the 
heart-wall. 

If  the  area  of  fibrous  transformation  is  a  large  one,  this  aneurismal 
bulging  soon  becomes  pronounced,  and  gradually  increases  in  size.  These 
aneurisms  are  more  or  less  globular  in  shape,  and  are  practicallv 
always  confined  to  the  left  ventricle,  especially  to  its  anterior  wall  at  or 
near  the  apex.  More  rarely,  they  may  be  found  in  the  ventricular  septum . 
A  much  less  common  cause  of  aneurism  of  the  heart-wall  is  the 
extension  of  an  aneurismal  dilatation  in  one  of  the  valves,  e.  g.  the  mitral, 
and  secondary  involvement  of  the  wall  of  the  heart. 

INFLAMMATION  :— 

(a)  ACUTE  NON-SUPPURATIVE  MYOCARDITIS  generally  arises 
by  direct  spread  of  the  inflammatory  process  from  the  pericardium 
or  from  the  endocardium.  In  the  instances  in  which  it  follows  acute 
pericarditis,  the  condition  may  be  wide-spread ;  whilst  in  those  resulting 
from  an  endocarditis,  the  lesion  is  usually  a  localised  one.  Acute 
myocarditis  may  occur  during  the  course  of  an  acute  infective 
disease,  e.g.  in  typhoid  fever,  in  diphtheria,  in  scarlet  fever,  in  acute 
rheumatism,  and  other  similar  infections.  These  so-called  simple  forms 
of  myocarditis  usually  occur  in  irregular  areas,  and  are  caused  probably 
by  the  toxins  rather  than  by  the  bacteria  themselves.  To  the  naked  eye, 
the  affected  muscle-fibres  are  paler  than  normal,  shew  a  reddish  mottled 
appearance,  and  minute,  opaque  necrotic  patches  may  be  seen;  but,  in 
many  cases,  where,  on  microscopical  examination,  myocarditis  is  found. 
there  are  no  obvious  naked-eye  changes.  On  microscopical  examin- 
ation, cloudy  swelling  and  other  forms  of  degeneration  are  present,  and 
the  muscle-fibres  are  separated  from  one  another  by  dilated  and  engorged 
capillaries,  and  inflammatory  exudate  which  is  largely  cellular  in  char- 
acter. The  cells  may  be  of  the  polymorphonuclear,  or,  more  commonly, 
of  the  lymphoid,  type,  and  there  may  be  also  evidence  of  proliferation  of 
the  connective-tissue  cells  of  the  part.  Haemorrhages  into  and  beta 
the  muscle-fibres  is  sometimes  seen,  and  the  muscle-fibres  themselves 
often  shew  necrosis.  Complete  resolution  may  take  place,  but,  usually, 
areas  of  well-formed  fibrous  tissue  remain  as  evidence  of  a  former  acute 
change.  The  heart-chambers,  especially  the  left  ventricle,  in  the  walls 
of  which  the  myocarditis  is  present,  frequently  become  dilated. 

(b)  ACUTE  SUPPURATIVE  MYOCARDITIS  is  practically  always 
associated  with  a  septic  embolism  of  the  coronary  arteries,  and  is  part  of  a 
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general  pysemic  condition.  It  may  occur  in  puerperal  sepsis,  but  it  perhaps 
more  frequently  follows  an  acute  periostitis  or  osteomyelitis.  It  may  also 
be  secondary  to  ulcerative  endocarditis.  Abscesses,  varying  in  number  and 
in  size,  some  of  them  being  microscopic  in  dimensions,  are  formed  in  the 
heart-muscle,  especially  of  the  left  ventricle  near  its  base  and  anterior 
surface.  The  abscesses  are  surrounded  by  a  zone  of  congestion;  and 
haemorrhage  may  take  place  into  or  around  them.  On  microscopical 
examination,  fatty  and  necrotic  changes  are  seen  in  the  muscle-fibres, 
and  collections  of  various  forms  of  leucocytes,  and,  sometimes,  the  causal 
bacteria,  are  found  in  and  between  the  fibres.  If  the  abscesses  are  near 
the  surface  of  the  heart,  they  may  rupture  into  the  pericardium  and  give 
rise  to  suppurative  pericarditis;  or  they  may  burst  inwards  through  the 
endocardium. 

(c)  CHRONIC  MYOCARDITIS— FIBROSIS.— In  this  condition,  there 
is  an  overgrowth  of  fibrous  tissue,  not  only  between  the  muscle-bundles, 
but  also  replacing  the  atrophied  and  degenerated  muscle-fibres  themselves. 
This  new  formation  of  fibrous  tissue  interferes  with  the  nutrition  and 
causes  further  atrophy  of  the  muscle,  and  thus  fibrous  patches  of  varying 
size,  either  localised,  or  scattered  irregularly  throughout  the  myocardium, 
are  produced.  This  condition  is  most  commonly  found  in  the  anterior 
wall  of  the  left  ventricle  near  the  apex,  in  the  septum,  in  the  tips  of  the 
papillary  muscles,  and  in  the  column 33  carneae.  The  newly  formed  tissue 
may  be  cellular  and  shew  only  masses  of  lymphocyte-like  cells  and 
proliferated  connective-tissue  corpuscles ;  but,  as  a  rule,  it  consists  of  well- 
organised  and  fully-developed  fibrous  tissue.  This  fibrous  transformation 
of  the  myocardium  is  often  described  as  Fibroid  Heart  or  Fibroid  Degenera- 
tion of  the  Heart,  but,  under  these  terms,  are  included  various  conditions, 
somewhat  similar  in  character,  though  due  to  different  causes.  The 
principal  of  these  are  : — 

(i)  That  form  of  fibrous-tissue  overgrowth  which  is  dependent  upon 
degenerative  changes  in,  or  obstruction  of,  the  coronary  arteries.  Thus, 
after  infarction  of  the  heart  (see  p.  524),  there  may  be  replacement  of  the 
necrotic  muscle-fibres  by  fibrous  tissue,  which  is  in  reality  scar-tissue. 
More  commonly,  however,  the  fibrous  transformation  in  the  myocardium 
is  a  purely  degenerative  process  resulting  from  an  impaired  blood-supply 
and  consequent  mal-nutrition,  the  more  highly  functioning  muscle-fibres 
degenerating  and  being  replaced  by  the  less  specialised  fibrous  tissue. 
Microscopical  examination  shews  that  the  fibrous  tissue  is  irregularly  scat- 
tered, and  para-arterial  in  its  distribution — i.e.  it  is  not  immediately  round 
the  vessels  but  at  some  distance  from  them.  The  peri-arterial  muscle-fibres 
are  intact,  and  little  islets  of  muscle,  often  shewing  more  or  less  marked 
degenerative  changes,  are  thus  seen  embedded  in  the  fibrous  tissue.  The 
fibrous  tissue  adjacent  to  the  muscle  is  often  very  cellular,  while  that 
farthest  away  has  a  hyaline  appearance. 

(ii)  A  purely  degenerative  change,  seen  in  old  age  in  those  cases  where 
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the  vascular  degeneration  is  not  a  marked  feature.     In  such  oonditi 
the  papillary  muscles  and  the  columns?  <  i   tie-  left  ventricle 

are  the  principal,  and   may   be  the  only,    |  od.     This   is  not 

uncommon  in  wasting  diseases— even  in  children. 

A  similar  condition  is  seen  in  cases  where  there  has  been  long-standing 
hypertrophy  and  dilatation  of  the  right  ventricle. 

(iii)  The  interstitial  overgrowth  which  is  a  sequel  of  acute  myocarditis, 
and  really,  therefore,  the  result  of  the  ordinary  pi  I  repair.     In  this 

•  what  rare  variety,  the  new  formation  may  be  regarded  as  scar-tissue, 
and  is  peri-arterial  in  distribution. 


_(4G. — Interstitial  Myocarditis.     The  muscle-fibres  have,  in  large  part,  disappeared 
and  have  been  replaced  by  a  moderately  cellular  connective  i  75. 


Aschoil"  and  Tawara,1  and,  later,  Coombs -and  others,  have  described  a 
form  of  myocarditis  found  in  rheumatic  hearts,  which  they  regard 
sequel  of  acute  rheumatism.    This  form  of  myocarditis  is  characterised 
by  the  presence  of  small  ':  submiliary  "  nodules  and  areas  of  Leuca 
infiltration.    The  an  rounded  or  fusiform,  and  formed  by  1 

spindle-shaped  cells,  Lying  in  the  inter-muscular  trabeculn  of  connective 

ie.     The    nuclei    of    the    cells   are   often    multiple   ami    do    not    stain 

intensely,  though  the  cytoplasm  of  the  cells  stains  deeply  and  uniformly. 
These  large  cells  he  loosely  packed  in  a  line  fibrillary  matrix  comp 
of  fibrin,  and.  surrounding  them.,  are  found  leucocytes  chiefly  of  the 

1   Asrlu.tV  and  Tawara.  Brit.  M  L  ii.  ]».  11' 

1  oombe,  Quarterly  Jour,  of  Med.,  1908,  \<>1.  ii.  N«  1  Jour.  rath, 

ait'l  Bad.,  Camb.,  1911,  vol.  xv.  No.  4,  p.  48(J. 
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mononuclear  type.  The  nodules  are  very  often  immediately  related  to 
arteries,  and,  according  to  Coombs,  appear  to  arise  usually  from  the 
peri-arterial  connective  tissue,  or  from  the  tunica  adventitia  of  the  artery 
itself.  The  nodules  are  found  both  in  the  subepicardial  tissues  and  in 
the  central  parts  of  the  myocardium,  particularly  in  the  wall  of  the  left 
ventricle  at  the  origin  of  the  aorta,  at  the  apex  close  to  the  septum,  and 
at  the  attached  margins  of  the  mitral  valve.  They  are  less  abundant  in 
the  right  ventricle  and  in  the  inter- ventricular  septum,  and  are  compara- 
tively rare  in  the  auricular  walls.  These  nodules  appear  to  be  stages  in 
the  production  of  a  scattered  myocarditis,  which,  at  a  later  period,  is 
demonstrable  as  irregular  fibrous  nodules  or  cicatrices.  Whether  these 
nodules  are  specific  of  acute  rheumatism,  as  AschofT*  and  Coombs  suggest, 
is  not  definitely  established.  They  state  that  they  are  not  usually  found 
in  non-rheumatic  hearts  and  that  they  have  been  found  in  animals 
experimentally  inoculated  with  streptococci  from  rheumatic  cases. 

Leucocyte-infiltration,  lymphocytic  in  character,  is  certainly  found  in 
the  myocardium  in  the  majority  of  infective  diseases,  but  the  nodules  so 
produced  are  small  and,  so  far  as  our  experience  goes,  they  do  not 
correspond  with  the  submiliary  nodules  described  by  AschofT  and  Coombs. 
Nodules  more  like  those  described  by  AschofT  have  been  recorded  as 
occurring  in  cases  of  diphtheria. 

Peri-arterial  fibrosis  occurs  very  rarely  as  a  pure  condition  and  is 
generally  associated  with  a  varying  amount  of  the  para-arterial  type. 

(iv)  Syphilitic  Myocarditis. — Syphilis  is  an  important  cause  of  interstitial 
myocarditis  and  of  Heart-Block,  which  is  more  fully  dealt  with  on  p.  534. 
In  some  cases,  there  is  definite  gummatous  formation,  and,  round  this, 
a  considerable  amount  of  new  fibrous  tissue  has  developed.  Sometimes, 
similar  localised  areas  of  new  formation  without  a  gumma  are  seen.  Some 
authorities  regard  these  as  syphilitic  in  character,  but  there  is  no  definite 
evidence  on  this  point.  Again,  syphilitic  endarteritis  of  the  coronary 
arteries  may  cause  degenerative  changes  in  the  myocardium,  with  over- 
growth of  fibrous  tissue. 

(v)  Tuberculous  Myocarditis,  giving  rise  to  chronic  fibrous  overgrowth 
with  typical  giant-cell  formation.  This  occasionally  occurs  in  the  walls 
of  the  left  ventricle,  and  the  septum  may  also  be  extensively  infiltrated. 

HYPERTROPHY  AND  DILATATION  :— 

Hypertrophy  and  dilatation  of  the  heart  are  conditions  which  are  very 
frequently  associated  with  one  another.  The  hypertrophy  of  the  muscular 
substance  is,  in  many  cases,  compensatory  in  nature,  and  occurs  because 
of  some  extra  strain  thrown  on  the  heart.  The  same  cause  may  give  rise 
to  dilatation,  and,  in  some  cases,  it  would  seem  as  if  the  dilatation  were  the 
primary  condition,  and  that  the  hypertrophy  were  the  consequence. 
Frequently,  however,  the  dilatation  is  a  sequel  of  muscle-exhaustion  in 
a  hypertrophied  he  a  it. 
34 


530  SPECIAL    PATHOLOGY 

This  intimate  connection  between  the  two  conditions  mala 

venient  to  study  them  together. 

etiology. — Apart  from  the  effects  of  valvular  lesions  in  producing 

hypertrophy  and  dilatation  of  t  he  heart  (see  pp.  514 d  Seq.)t  there  are  D 
other  causes,  some  of  which  act  on  tin.'  heart  as  a  whole,  whilst  others  act 
on  special  chamb 

(1)  On  the  heart  as  a  whole. — Adhesions,  not  only  between  the  epi- 
and  peri-caidium,  but  also  between  the  pericardium  and  the  pleun 
chest-wall,  cause  the  heart  to  work  under  considerable  difficulties,  and 
are,  therefore,  one  of  the  most  certain  causes  of  hypertrophy.  Some  of 
the  largest  hearts  on  record  (cor  bovinum)  have  resulted  from  this  con- 
dition. The  adhesions  result  from  pericarditis,  or  from  that  condition  plus 
mediastinals  and  pleurisy;  and,  in  some  cases,  the  pericarditis  is 
associated  with  valvular  disease. 

Minor  degrees  of  hypertrophy  are  produced  by  prolonged  over-stimula- 
tion of  the  heart,  and  the  enlargement  of  the  heart  during  pregnane v  is 
probably  to  be  explained  on  the  ground  of  temporary  extra  strain. 
Excessive  muscular  exercise  also  leads  to  hypertrophy,  and  is  common 
in  athletes  and  in  men  doing  heavy  muscular  work.  Very  frequently, 
this  general  hypertrophy  is  associated  with  dilatation,  and  the  relative 
degrees  of  hypertrophy  and  dilatation  will  depend,  to  a  certain  extent, 
on  the  previous  state  of  nutrition  of  the  heart-muscle.  If  the  muscle  is 
degenerated,  dilatation,  rather  than  hypertrophy,  will  be  the  result  of 
overstrain ;  whereas,  in  healthy  muscle,  if  the  strain  is  gradually  applied, 
hypertrophy  is  the  common  result. 

(2)  Localised  to  one  or  more  chambers. — This  is  very  common,  and 
may  be  associated  especially  with  Bright's  disease,  with  valvular  diseases 
of  the  heart,  and  with  disease  of  the  arteries,  lungs,  and  pleura.  In  Bright's 
disease,  the  left  ventricle  is  specially  affected,  and  the  change  is  probably 
mainly  due  to  the  increased  arterial  tension  produced  by  the  products, 
normal  or  abnormal,  of  the  retained  urinary  secretion,  the  heart  having 
to  drive  the  blood  through  the  tonically-contracted  peripheral  arterioles. 
The  hypertrophy  may  occur  rapidly,  e.g.  in  from  eight  to  twelve  weeks. 
The  condition  is  generally  a  pure  hypertrophy  (concentric  hypertrophy), 
unaccompanied  by  dilatation  (see  fig.  247).  There  is,  owing  to  the  con- 
tinuity and  arrangement  of  the  muscular  fibres  and  to  over-Working  of  the 
whole  heart,  usually  some  associated  hypertrophy  —very  frequently  with 

uderable  dilatation — of  the  right  side.  The  hypertrophy  and  dila- 
tation produced  by  valvular  diseases  have  already  been  I  to,  and 
need  not  be  discussed  further. 

Chronic  degenerative  and  other  forms  of  arterial  disease,  and  especially 
the  diffuse  form  of  arteiio-sclerosis,  by  narrowing  the  lumen  of  the 
arteries,  increase  the  work  of  the  left  ventricle,  and  may  cause  hyper- 
trophic changes  in  the  myocardium  of  that  chamber.  Continued  excessive 
exercise  or  severe  muscular  work,  which  act  on  the  heart  as  a  whole, 
cause  special  hypertrophy  of  the  left  ventricle. 
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Diseases  of  the  lungs,  such  as  emphysema,  interstitial  pneumonia  of 
any  variety,  or  diseases  of  the  pleura,  as  for  example  pleural  adhesions, 
may  give  rise  to  hypertrophy  of  the  muscular  wall  of  the  right  ventricle. 
This  hypertrophy  is  very  commonly  associated  with  dilatation. 

Hypertrophy  and  dilatation  of  the  auricles  alone  are  almost  always  the 
result  of  cardiac  valvular  disease. 

Pathological  Anatomy. — In  general  hypertrophy  of  the  heart,  the 
normal  shape  is  not  much  altered.  There  is  an  enlargement  of  all  the 
chambers,  so  that  the  heart  may  resemble  that  of  a  bullock  (cor  bovi- 
num).  When  the  left  ventricle  is  mainly  affected,  the  organ  is  increased 
in  length  and  is  more  pointed  than  normal.  The  apex  extends  further  to 
the  left — so  that  the  apical  region  appears  to  be  specially  prolonged.  On 
section,  the  walls  of  the  ventricle  and  the  septum  are  markedly  thickened, 
the  septum  often  bulging  into  the  right  ventricle.  This  is  specially  well 
seen  in  transverse  section  (figs.  239  and  247),  the  chamber  of  the  right  ven- 
tricle, in  such  a  section,  often  appearing  as  a  crescentic  slit-like  opening. 


Fig.  247. — Transverse  section  through  ventricles  near  apex,  to  shew 
"  concentric  hypertrophy  "  of  left  ventricle  in  Bright's  disease. 

Microscopically,  there  is  an  increase,  both  in  number  and  in  thickness,  of 
the  individual  muscle -fibres.  When  the  right  ventricle  is  hypertrophied, 
the  organ  assumes  a  somewThat  quadrilateral  shape,  its  apex  is  obtuse, 
and  the  transverse  measurement  is  increased.  The  right  ventricle  occupies 
almost  the  whole  of  the  anterior  aspect  of  the  heart.  On  section,  the 
wall  is  hypertrophied  and  the  cavity  is  usually  dilated. 

GRANULOMATA,  NEW  GROWTHS  AND  PARASITES  :— 

Tuberculosis  is  very  rare,  but  may  occur  in  the  form  of  minute  granula- 
tions, though  sometimes  larger  nodules  are  found.  These  nodules  may 
extend  to  the  pericardium  and  set  up  a  tuberculous  pericarditis.  Tuber- 
culous myocarditis  has  been  referred  to  on  p.  529. 

Syphilis. — Gummata,  though  rare,  occur  in  the  heart-muscle  (see 
figs.  248  and  249)  and  may  give  rise  to  very  extensive  nodular  infiltration, 
or  merely  to  small  granulomatous  or  fibrous  nodules.  If  they  invade  the 
conducting  fibres  or  primitive  muscle-tissue  of  the  heart,  they  may  give 
rise  to  the  phenomenon  of  Heart-Block  (see  p.   534).      Reference   has 
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already  been  made  to  Byphilifl  ause  of  vascular  disease 

interstitial  myocarditis  (p.  529). 

Primary  Tumours  very  Beldom  occur,  but  sarcomas,  fibromas,  lipomas, 
myxomas,  and  myomas  have  been  described  both  in  the  muscle  and  on 
the  valves.    The  Congenital  Rhabdomyomata  which   are  found  in  the 


Fio.  248. — Laiye  Syphilitic  Gumma  in  the  posterior  wall  of  the  heart. 
(Specimen  lent  by  the  late  Professor  Greenfield.) 


Fia.  24'.). — Syphilitic  GammaWt,  causing  obstruction  of  the  tricuspid 
orifice.     (Specimen  lent  by  t he  late  Profossor  Greenfield.) 

myocardium  are  described  under  Tumours  (see  p.  299).     They  are  found 

especially  in  certain  cases  of  congenital  idia  ed  with  tuberous 

(tuberose)   sclerosis   of   the   brain,   adenoma  sebaceum,   and   congenital 

tumours  of  the  kidneys  and  other  organs.1 

1  Fowler  and  Carnegie  Dickson,  "  Tuberous  (tuberose)  Sclerosis/'  Quart.  Jour, 
of  M ed.,  October  1010. 
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Fig.  250. — Congenital  Rhabdomyoma  of  Heart,  from  Fowler  and  Carnegie  Dickson's 
case  of  tuberose  sclerosis.  Edge  of  nodule  in  wall  of  right  auricular  appendix.  The 
tumour  consists  of  a  loose  network  of  irregular,  branching,  striated  muscle-cells.     X  50. 


Fig.  251. — Congenital  Rhabdomyoma  of  II (art,  from  right  auricular  appendix  of  Fowler 
and  Carnegie  Dickson's  case  of  tuberose  sclerosis,  shewing  the  large,  extremely 
irregular  tumour-cells,  with  irregular,  striated  fibrils.      X  450. 


Secondary   Growths  of   melanotic  sarcomas,   lymphosarcomas,   and 
carcinomas,  though  comparatively  rare,  may  occur. 
Hydatid  Cysts  have  been  found  in  the  heart-wall. 
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HEART-BLOCK. — Anatomical  and  histological  investigation  baa  shewn 

that,  at  various  areas  in  the  heart,  peculiar  systems  of  muscular  fibres 
exist.  These  are  regarded  as  remains  of  the  primitive  musculature, 
and  Keith  holds  that  the  greater  part  of  the  tissues  of  the  ami 
and  the  ventricles  are  outgrowthfl  from  the  primitive  cardiac  tube,  and 
that,  in  the  auricle,  the  later  developed  muscular  tissue  has  spread 
over  the  primitive  remains,  covering  or  displacing  them.  Portions  of 
this  primitive  tissue,  in  isolated  masses,  are  found,  at  the  junction  of 
the  right  auricle  with  the  superior  vena  cava  (the  sino-auricular  (S.A.) 
node),  in  the  vicinity  of  the  coronary  sinus,  in  the  valve  of  Eustachius, 
and  at  the  mouths  of  the  pulmonary  veins.  The  muscle-tissue  join- 
ing the  auricles  and  ventricles  probably  belongs  to  the  same  system. 

According  to  Lewis  l : — "  The  special  muscle-system  (the  sino-auricular 
node)  lies  at  the  junction  of  the  free  border  of  the  appendix  with  the  superior 
raval  termination,  and  extends  downwards  along  the  sulcus  terminalis  for  a 
distance  of  about  2  cms.  in  man.  In  thickness  it  is  approximately  2  mm. 
The  muscular  fibres  are  small,  being  but  a  half  or  a  third  of  the  breadth  of 
those  of  the  auricular  fibres  proper.  These  fibres  are  striated,  fusiform  in 
shape,  and  are  embedded  in  dense  connective  tissue." 

Of  the  auriculo- ventricular  connection  Lewis  gives  the  following 
description,  which  is  founded  on  the  work  of  Tawara  : — 

11  The  fibres  of  the  junctional  tissues  may  be  traced  from  auricle  to  ven- 
tricle without  break.  The  system  commences  in  the  auricle  in  the  neigh- 
bourhood of  the  coronary  sinus  and  at  the  base  of  the  auricular  septum,  where 
a  collection  of  the  auricular  fibres  ultimately  joining  a  specialised  structure, 
the  auriculo-ventricular  node,  is  to  be  found.  The  node  lies  at  the  very  edge 
of  the  auricular  tissue  at  the  posterior  and  right  border  of  the  septum.  The 
bundle  proper  commences  at  the  node,  running  almost  horizontally  forwards 
ami  to  the  left,  ensheathed  and  isolated  in  a  fibrous  canal,  and  pursuing  a 
course  directly  to  the  right  of  the  central  fibrous  body  of  the  heart  to  the 
pars  membrm  \i  of  the  ventricle.     At  the  anterior  part  of  this  membrane 

the  bundle  divides,  and  the  point  of  division  lies  a  little  in  front  of  the  anterior 
end  of  the  attachment  of  tin'  median  or  septal  segment  of  the  tricuspid  valve 
to  the  ring.  The  left  division  of  the  bundle  perforates  the  membrane,  still 
lying  ensheathed  upon  the  upper  border  of  the  muscular  septum,  and  enters 
the  subendocardial  space  of  the  left  ventricle  at  a  point  immediately  beneath 
the  union  of  the  anterior  and  right  posterior  ni^ps  of  the  aortic  valve.  Its 
further  course  is  downward,  and  it  may  be  traced  under  the  endocardium 
of  the  septum  of  the  let'  The  right  branch  takes  a  sub-endocardial 

position  directly  after  the  division  and,  conning  downwards,  enters  the  moder- 
ator band,  or  its  n  itive,  and  proceeds  directly  to  the  papillary  mm 
where  it  comma  ion.     The  arborisation  of  the  left  division 
starts  apon  the  Beptum,  and  the  main  branches  flow  to  the  papillary  mu 

of  the  mitral  valve.      The  arborisation  on  the  right  and  left  side  is  directly 
continuous    with    the    extensive    and     complex    subendocardial    network    of 
Purkinje  fibres,  which  lines  the  greater  part  of  the  interior  of  both  wntr 
From  this  network  direct  communication  with  the  ventricular  muscle  fibres 
takes    place.     The   smaller    ramifications    and    strands    of    the    network    are 

1   Lewis,    Mtchanism  of  the  Heart-Beat,  London,  Shaw  ,V  11. 
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frequently  carried  across  the  valleys  between  the  muscular  trabeculae  by 
means  of  bridges  completely  enwrapped  by  endocardium,  and  these  bridges  are 
conspicuous  at  the  apex  of  the  left  ventricle  in  almost  every  heart,  be  it  human 
or  otherwise.  It  is  said  that  the  bundle  and  its  branches  are  isolated  by  con- 
nective tissue  beneath  the  endocardium  until  the  papillary  muscles  are  reached, 
and  that  no  union  takes  place  with  the  ventricular  musculature  during  the 
earlier  parts  of  the  distribution ;  for  no  such  union  has  been  found  up  to  the 
present  time. 

"  The  junctional  tissues  may  be  divided  for  purposes  of  histological  descrip- 
tion into  the  following  portions  : — 

1.  The  auriculo-nodal  junction. 

2.  The  auriculo-ventricular  node. 

3.  The  bundle  proper. 

4.  The  right  and  left  branches  of  the  bundle. 

5.  The  arborisations  and  the  network  of  Purkinje. 

6.  The  transitional  fibres  between  network  and  ventricular  substance. 

"  The  histological  structure  of  these  several  divisions  varies  considerably 
from  one  species  of  animal  to  another  and  the  most  marked  differentiation 
is  seen  in  the  hearts  of  the  ungulates.  Yet  there  is  much  which  is  held  in 
common.  The  following  description  applies  particularly  to  the  condition 
in  the  dog  and  in  man  in  which  the  resemblance  is  close. 

"  The  auriculo-nodal  junction  consists  of  fibres  which  are  smaller  than  those 
of  the  auricle  itself  and  which  are  arranged  mainly  in  parallel  fashion ;  the 
transition  to  nodal  tissue  is  abrupt,  and  here  the  tenuity  of  the  individual 
fibre  is  remarkable.  The  node  consists  of  an  intricate  interlacement  of  the 
slender  fibres,  which  cross  and  join  at  all  angles.  The  fibres  tend  to  be  of 
spindle  form  and  they  are  held  apart  by  a  rich  network  of  connective  tissue. 
Nerve  fibres  and  ganglionic  cells  are  scattered  profusely  amongst  them  in 
many  hearts. 

"  The  fibres  of  the  bundle  proper  have  a  more  parallel  arrangement  (they 
are  chiefly  parallel  in  man)  and  are  stouter;  they  continue  to  increase  in 
size  as  they  are  traced  from  bundle  to  arborisation  and  network,  where  they 
assume  the  proportions  well  known  and  characteristic  of  the  fibres  of  Purkinje. 
They  appear  swollen,  striation  is  comparatively  sparse,  the  nuclei  are  large, 
pale  and  frequently  multiple.  According  to  Tawara,  the  transition  to  the 
ventricular  musculature  is  abrupt  and  consists  in  a  rapid  decrease  in  size  with 
a  corresponding  increase  in  striation. 

"  Thus  in  the  course  from  auricle  to  ventricle  there  is  at  first  a  diminution 
in  fibre  size  (which  is  extreme  at  the  node),  and  increase  in  size  (which  is 
extreme  in  the  network)  and  a  subsequent  and  final  decrease.  The  level 
at  which  the  transition  to  the  Purkinje  type  occurs  is  very  variable  in  the 
different  species;  but  this  type  is  usually  well  represented  in  the  fibres  of 
the  main  branches. 

"  The  network  of  Purkinje  and  the  two  main  branches  of  the  bundle  may 
be  readily  followed  with  the  naked  eye  in  the  freshly  opened  ventricles  of 
the  sheep  and  calf,  and  often  in  the  human  heart;  a  short  dissection  reveals 
the  bundle  itself,  and  it  may  be  traced  with  ease  to  the  tissues  of  the  auricle. 

"  From  the  node  in  the  wall  of  the  right  auricle,  the  bundle  passes  towards 
the  ventricular  septum,  below  the  membranous  portion  of  the  septum,  and 
divides  into  right  and  left  branches— the  right  branch  passing  downwards 
in  the  septal  wall  of  the  right  ventricle  and  the  left  passing  through  the  ven- 
tricular septum  to  the  wall  of  the  left  ventricle. 

"  The  bundle  in  man  and  the  sheep  is  from  1  to  2  mm.  in  thickness,  and 
its  fibres  are  conspicuous  on  account  of  their  pallor. 
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"  According  to  the  modern  view,  it  is  by  means  of  this  bundle  that  the 
functional  union  of  auricle  and  ventricle  is  efl  it  is  through  this 

structure  that  the  impulses  from  the  auricle,  which  initiate  ti  icnlar 

contraction,  are  conveyed.     They  must,  there]  -  from  the  neighbour- 

hood of  the  coronary  sinus  to  the  right  and  left  groups  of  papillary  mu* 

From  the  experimental  side,  it  has  been  shewn  that  complete  division 
of  the  aurieulo- ventricular  (A.V.)  bundle  produces  complete  heart-block, 
whereas,  partial  transection  may  produce  little  effect  01  only  partial  or 
temporary  heart-block.  These  experiments  lead  to  the  conclusion  that 
this  auricido-ventricular  bundle  is  the  essential  organ  of  conduction,  and, 
though  certain  experimenters  have  recorded  contradictory  results,  yet  the 
weight  of  evidence  is  in  favour  of  this  conclusion.  At  the  same  time. 
partial,  or  even  complete,  heart-block  may  result  without  any  actual 
demonstrable  destruction  of  these  conducting  fibres.  It  may  be  produced 
by  stimulation  of  the  vagus  nerve,  by  the  injection  of  digitalis,  aconitine, 
adrenalin,  muscarine  and  physostygmine,  and  it  may  result  from  the 
cardiac  poisoning  of  asphyxia.  It  has  been  suggested  as  an  explanation, 
that  the  junctional  tissues  have  a  peculiar  susceptibility  to  the  influence  of 
certain  cardiac  poisons. 

Careful  post-mortem  examinations  have  been  made  in  cases  of  heart- 
block,  but  from  these  it  is  difficult  to  draw  very  definite  conclusions, 
because  the  lesions  which  have  been  found  are  usually  wide-spread,  and, 
though  they  involve  the  primitive  tissues,  yet  they  are  not  confined  to 
these  special  areas.  At  the  same  time,  an  analysis  of  the  recorded  cases 
shows  that,  in  the  great  majority,  there  are  definite  pathological  lesions 
affecting  the  conducting  bundles,  and  these  lesions  may  be  of  the  nature  of 
gummata,  fibrosis  with  or  without  calcification,  chronic  inflammatory 
lesions,  ulceration,  parenchymatous  and  fatty  degenerations,  and  the 
changes  resulting  from  acute  and  other  forms  of  rheumatic  inflam- 
mation. In  rheumatic  affections,  and  particularly  in  the  case  of 
patients  with  advanced  mitral  stenosis,  impaired  conduction  is  frequently 
manifest.  Careful  histological  examination,  in  such  cases,  will  gener- 
ally reveal  the  presence  of  diffuse  fibrosis,  lymphocytic  infiltration, 
and  other  chronic  inflammatory  changes,  particularly  in  the  sino- 
auriculai  node  and  in  the  auriculo-ventricular  node  and  bundle.  Poison- 
ing with  digitalis  produces  heart-block  in  experimental  animals,  and 
Mackenzie  has  shown  that  a  certain  degree  may  D€  produced  in  man  by 
this  drug,  even  in  medicinal  doses,  in  hearts  the  conducting  bundles  of 
which   have   been   impaired    by  an  attack  of  rheumatism.     Possibly  the 

digitalis  acts  indirectly  through  the  vagus  nerve. 

In  paroxysmal  tachycardia,  auricular  flutter  and  auricular  fibrillation, 
no  distinct  pathological  conditions  have  been  found.  Cowan  states  that 
these  clinical  phenomena  may  occur  in  both  sexes  and  at  every  age,  in 
every  form  of  organic  di  d  in  hearts  that  are  apparently  normal. 

When  they  occur  frequently  or  are  permanent,  they  are  probably  always 
a  sequel  to  organic  disease. 
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DISEASES    OF    BLOOD-VESSELS 

Anatomy. — In  all  parts  of  the  vascular  system  there  is  a  lining  of  endothelial 
cells,  and  a  slight  amount  of  connective  tissue  (fibroblasts  and  fibrils),  on  which 
this  endothelium  rests.  In  certain  vessels,  and  particularly  in  the  arteries,  there 
is  either  a  definite  elastic  lamina  or  scattered  elastic  elements  lying  external 
to  the  connective-tissue  layer  already  noted.  External  to  this  elastic  layer, 
or  intermingled  with  it,  there  is  a  greater  or  less  amount  of  smooth  muscle- 
cells  and  fibrous  tissue.  The  intima  and  the  adjoining  part  of  the  media 
contain  no  capillaries,  and  are,  therefore,  nourished  by  the  blood  circulating 
in  the  vessel.  External  to  this,  the  vessel-wall  is  nourished  from  the  vasa 
vasorum,  and,  in  the  outer  coat  (adventitia),  which,  in  the  majority  of  arteries, 
is  composed  of  connective  tissue,  there  is  a  rich  system  of  perivascular  lymph- 
atics. In  certain  vessels,  e.  g.  the  external  iliac  and  the  renal,  as  pointed 
out  by  Andrewes  1  and  Gaskell,  a  thick  layer  of  longitudinal  muscle-fibres  is 
sometimes  found  in  the  adventitia. 

In  studying  diseases  of  vessels,  it  must  be  remembered  that,  though 
the  whole  vascular,  and  especially  the  whole  arterial,  system  is  subjected  to 
constant  strain,  the  effects  may  be  either  general  or  merely  local.  The  results 
themselves  and  their  distribution  or  localisation  depend  on  various  factors. 
The  general  condition  of  the  surrounding  tissues  may  play  a  very  important 
part.  Where  the  vessels  are  imperfectly  supported,  dilatations  more  readily 
take  place ;  and,  if  the  surrounding  tissues  undergo  retrogressive  changes, 
the  vessels  may  share  in  these  degenerations.  The  nutrition  of  the  wall  of 
the  vessel  is  of  extreme  importance.  In  the  smaller  and  medium-sized  vessels, 
resistance  to  strain  depends  mainly  on  the  muscular  coat ;  but,  as  the  vessels 
increase  in  size,  more  and  more  elastic  tissue  is  developed  in  their  walls,  and 
this  increases  their  resiliency  and  power  of  resisting  dilatation.  Therefore, 
anything  interfering  with  the  nutrition  of  the  muscular  and  elastic  tissue  will 
increase  the  tendency  to  degenerative  changes.  Again,  the  nutrition  of  the 
vessel  depends — perhaps  to  a  larger  extent  than  does  that  of  any  other  organ 
or  tissue — upon  the  condition  of  the  blood  flowing  through  it,  the  inner  coat 
being  nourished  wholly  by  the  blood  with  which  it  is  in  contact.  An  impover- 
ished condition  of  the  blood,  or  the  presence  in  it  of  toxic  and  irritating  sub- 
stances, will  act  with  special  severity  on  the  vascular  system.  Experiment 
seems  to  show  that  certain  toxic  substances,  when  present  in  the  blood,  produce 
thickening  of  the  inner  coat  of  the  vessel,  whilst  others  act  specially  by  causing 
degenerative  changes  in  the  media.  If  the  inner  coat  becomes  much  thickened, 
the  nutrition  of  its  deeper  part  is  interfered  with,  and  degenerative  changes 
are  liable  to  occur  there.  Further,  the  toxic  substances  may  act  by  causing 
spasm  or  dilatation  of  the  vessels :  or  by  altering  the  "  selective  "  capacity 
of,  or  by  bringing  about  degenerative  changes  in,  the  endothelium.  Proper 
nerve-control  of  the  vessels  is  essential  to  a  healthy  condition  of  their  walls. 

In  studying  the  pathological  conditions  of  the  blood-vessels,  careful 
consideration  should  be  given  to  the  following  changes  : — 

1.  Those  which  are  produced  from  outside,  by  gunshot  and  other 
wounds,  not  necessarily  opening  into  the  vessels,  by  an  alteration  of  the 
surrounding  tissues,  by  tumour-growth  or  by  inflammatory  or  prolifera- 
tive conditions,  such  as  are  seen  in  wound-healing.  Thus,  the  vessels 
may  be  pressed  upon,  and  their  lumen  partially  or  completely  obliterated ; 

1  Andrewes,  Report  on  Arterial  Degeneration  and  its  Premature  Occurrence  (Re- 
port of  the  Medical  Officer  to  the  Local  Government  Board,  Appendix  B,  No.  1, 
1911-1912). 
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or  they  may  share  in  the  proliferative  changes,  and  obliteration  may  be 
brought  about  in  this  way. 

2.  Those  which  result  from  Bpasni  or  dilatation,  or  from  injury  to,  and 
degenerative  changes  in,  the  wall  o!  the  vessel. 

3.  Those  which  are  produced  from  within,  by  alterations  in  the  con- 
dition of  the  blood  or  the  presence  in  it  of  toxic  substances,  by  embolism, 
by  increased  blood-pressure,  etc. 

4.  Those  which  are  due  to  alterations  in  nerve-control. 


(A)  DISEASES  OF  SMALL  VENULES  AND  CAPILLARIES 

The  venules  and  capillaries  may  undergo  hypertrophy  and  thickening 
as  a  result  of  long-standing  strain.  This  condition  is  well  seen  in  the 
capillaries  of  the  lung,  and  in  those  of  the  glomeruli  in  the  kidney,  in  cases 
of  long-standing  venous  obstruction.  This  hypertrophy  or  thickening  is 
shewn,  microscopically,  by  the  presence  of  a  more  or  less  well-developed 
layer  of  fibrous  tissue  external  to  the  endothelium,  and  it  seems  probable 
that  this  is  produced  by  the  hypertrophy  of  a  pre-existing,  and,  it  may  be, 
very  delicate  peri-endothelial  (perithelial)  layer  of  fibrous  tissue. 

DEGENERATIVE  CHANGES  such  as  cloudy  swelling  and  fatty  degener- 
ation are  very  common  in  the  endothelial  cells  of  the  venules  and  capillaries 
in  conditions  which  give  rise  to  these  alterations  in  other  organs  and 
tissues.  Hyaline  degeneration  in  the  glomerular  capillaries  in  the  kidney, 
and  in  the  vessels  in  the  spleen  and  other  organs,  is  common  in  scarlet 
fever,  diphtheria,  and  certain  other  diseases.  Amyloid  or  waxy  degener- 
ation is  very  often  observed  in  the  supporting  connective  tissue  of  the 
capillaries.  Pigment,  taken  up  by  the  endothelial  cells,  which  are  actively 
phagocytic,  is  seen  in  cases  of  malaria. 

(B)  DISEASES  OF  ARTERIES 

INJURIES. — Apart  from  the  damage  which  may  take  place  in  any 
artery  in  an  open  wound,  there  may  be  bruising  of  the  vessel  without 
any  obvious  opening  into  it,  in  gunshot  wounds,  etc.  In  such  cases, 
circumscribed  haematomas,  or  even  traumatic  aneurisms,  may  appear  some 
time  after  the  injury — the  former  being  due  apparently  to  a  rupture,  and 
the  latter  to  a  distension,  of  the  bruised  and  weakened  vessel-wall. 

ATROPHY  of  arteries  may  take  place  in  a  part  of  the  body  which  has 
become,  or  is  becoming,  functionless,  e.  g.  in  the  femoral  and  other  arteries 
after  amputation  through  the  thigh,  or  in  arteries  supplying  glandular 
structures  which  are  undergoing,  or  have  undergone,  involution. 

HYPERTROPHY  or  simple  increase  in  the  size  of  the  lumen  and  walk 
of  vessels  occurs  when  a  collateral  circulation  develops  after  obstruction 
of  a  larger  artery;  and  hypertrophy  of  the  muscular  coat  may  occur  in 
some  affections,  e.  g.  in  Blight's  disease. 
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DEGENERATIVE,   INFLAMMATORY,   AND    PROLIFERATIVE 

CHANGES 

(a)  FATTY  DEGENERATION.— This  occurs  especially  in  the  intima 

of  the  smaller  arteries,  and  in  that  of  the  aorta  and  its  larger  branches ; 
whereas,  in  the  medium-sized  arteries,  it  is  perhaps  commoner  in  the 
muscular  coat.  The  change  in  the  intima  is  due  usually  to  disturbances 
of  the  circulation  or  to  the  presence  of  toxic  substances  in  the  blood; 
that  in  the  media  is  most  commonly  a  sequel  of  atrophic  or  senile  altera- 
tions ;  and  both  are  frequently  followed  by  calcification .  The  degenerated 
areas  appear  as  raised  streaks  or  irregular  patches  of  a  pale-yellowish 
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Fig.  252. — Hyaline  Degeneration  of  Small  Arteries  in  Ovary.      X  120. 

colour  in  the  inner  coat,  and,  microscopically,  they  are  found  to  be  com- 
posed of  fatty  granules  in  the  endothelial  cells,  and  also  in  and  between 
the  connective-tissue  corpuscles,  or  in  and  between  the  muscle-fibres  in 
the  middle  coat. 

(b)  CALCAREOUS  DEGENERATION  OR  INFILTRATION.— This  is 
commonly  secondary  to  necrotic,  fatty,  or  hyaline  change,  but  it  may 
occur  as  a  primary  condition  in  the  middle  coat,  and,  especially  as  a  senile 
change,  in  some  of  the  medium-sized  or  smaller  arteries.  The  femoral, 
the  brachial,  the  aorta  at  its  bifurcation,  the  common  iliacs,  and  some  of 
the  smaller  arteries  of  the  brain  are  among  the  commonest  sites  of  this 
change.  In  the  primary  form,  the  granules,  in  almost  all  cases,  appear 
first  in  the  muscle-cells  of  the  middle  coat.  They  accumulate,  forming 
irregular  calcareous  patches,  which  necessarily  give  increased  rigidity  to 
the  walls  of  the  arteries.    This  calcareous  degeneration  of  the  middle 
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coat  is  often  associated  with  atheroma,  but  these  conditions  should  not  be 
regarded  as  identical. 

(c)  HYALINE  and    AMYLOID   or   WAXY   DEGENERATIONS  occur 
specially  in  the  walls  of  the  smaller  arteries,  and  are  fullv  described  D 
General  Retrogressive  Processes  {see  Chapter  11..  pp.  28  el  seq.). 

(d)  ACUTE  INFLAMMATION  OF  ARTERIES,  ARTERITIS.— A  r 
may  share  in  the  acute  inflammatory  changes  which  occur  in  their  neigh- 
bourhood, but  a  primary  acute  arteritis  is  very  rare.  Such  an  acute 
arteritis  is  almost  exclusively  confined  to  the  inner  coat  of  the  ! 
blood-vessels,  especially  the  aorta  near  its  commencement.  The  condition 
may  result  from  the  extension  of  acute  endocarditis  of  either  the  aortic 
or  pulmonary  valves;  and  it  occurs  also  as  a  result  of  severe  syphilis. 
especially  if  associated  with  excessive  alcoholism.  In  any  type  of  acute 
arteritis,  thrombosis  is  a  common  sequel.  If  sepsis  is  present,  the  thrombi 
undergo  softening,  and  the  septic  emboli  become  impacted  in  the  walls 
of  smaller  arteries,  there  setting  up  acute  inflammatory  and  even 
suppurative  changes.  Ulceration  or  abscess-formation  may  be  produced, 
and,  on  account  of  weakening  of  the  vessel- walls,  multiple  acute  aneurisms 
may  develop. 

Microscopically,  the  walls  are  seen  to  be  infiltrated  with  leucocytes, 
the  connective-tissue  cells  between  the  laminae  of  the  inner  coat  swollen 
and  proliferating,  and  the  muscle-fibres  separated  by  inflammatory 
exudate  and,  it  may  be,  undergoing  necrotic  changes.  In  the  syphilitic 
cases,  enormous  numbers  of  spirochetes  may  be  found.  In  the  suppurative 
forms,  definite  abscesses  are  sometimes  present. 

(e)  THROMBOSIS  and  ORGANISATION  OF  THROMBI  IN  ARTERIES 
are  dealt  with  on  pp.  137-143  and  219-220. 

(/)  ARTERIO-SCLEROSIS.— This  term  is  now  very  commonly  used  by 
clinicians,  and  by  some  pathologists,  as  applicable  to  all  forms  of  sclerosis 
or  "  hardening  "  of  the  arteries.  We  propose  to  include  under  the  term 
those  conditions  in  which  the  proliferative  and  degenerative  changes  are 
confined  to,  or  are  most  marked  in,  the  inner  coat.  Thus,  we  include  both 
that  form  of  proliferation  and  degeneration  of  the  inner  coat  which  is.  by 
common  consent,  called  atheroma ;  and  also  that  thickening  of  the  intima 
of  arteries  which  is  found  in  connection  with  atrophic  cirrhosis  of  the 
kidney.  In  this  latter  condition,  the  proliferative  changes  are  the  more 
pronounced,  causing,  it  may  be.  great  narrowing oi  the  lumen  of  the  artery  : 
whilst  the  degenerative  changes  may  be  very  Blight.  On  this  limitation, 
much  of  the  recorded  experimental  work  on  the  production  of  art. 
sclerosis,  or,  as  we  prefer  to  call  it .  at heroma,  must  be  excluded,  for.  asthe 
work  of  Klotz,1  Rickett.'2  and  others  shews,  t lie  nearest   parallel  in  human 

1  Klotz,  "The  Experimental  Production  of  Arterio-Scleroeifl,"  f.  Jour., 

bet  22,  1906. 
-   Etiokett,     '  Experimental    Atheroma.  qf  P<it}>.  October 

1907. 

(In  these  papers  full  references  are  given.) 
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pathology  to  the  experimental  lesions  which  have  been  produced  by  these 
observers  in  animals  is  calcification  of  the  media.  In  some  of  the  experi- 
ments by  Klotz,  in  which  the  arterial  lesions  were  produced  by  inocula- 
tion with  B.  typhosus  and  Streptococcus  pyogenes,  he  records  the  presence 
of  areas  of  thickening  of  the  intima,  with  fatty  degeneration  of  the  sub- 
endothelial  tissue  :  and  splitting  and  fragmentation  of  the  internal  elastic 
lamina :  together  with  proliferative  connective-tissue  changes  invading 
the  degenerating  areas.  He  places  these  latter  lesions  "  in  very  close 
relationship  with  arterio-sclerosis  in  man,  as  it  is  described  by  Jo  res," 
and  states  that:  "  if  we  are  to  accept  Jores'  definition  of  arterio-sclerosis, 
namely,  that  it  is  a  disease  consisting  of  a  hyperplasia  with  degeneration 
of  the  musculo-elastic  layer  of  the  intima,  as  seen  in  the  human  aorta,' ' 
the  lesions  most  commonly  produced  by  his  experiments  "  would  not  fall 
in  this  category. " 

Cowan  1  describes  Arterio-sclerosis  as  a  diffuse  affection,  in  which  the 
intima  is  more  or  less  thickened  :  the  elastic  fibrils  hypertrophied  at  first, 
and  later  granular,  and  the  connective  tissue  hyaline :  the  media  at  first 
hypertrophied,  and,  later,  atrophied,  and  perhaps  fatty,  eventually  being 
largely  replaced  by  connective  tissue  :  the  adventitia  invariably  thickened 
and,  in  old -standing  cases,  hyaline.  He  states  that  the  gross  fatty  and 
calcareous  changes  which  occur  in  atheroma  are  rarely  seen,  and  that  the 
adventitial  thickening  is  the  only  constant  change  in  these  cases.  The 
medial  hypertrophy  he  regards  as  an  early  and  essential  phase,  but  he 
believes  that  fibroid  changes  supervene  at  a  comparatively  early  period. 

We  regard  the  terms  Arterio-sclerosis,  Atheroma,  and  Endarteritis 
deformans  as  practically  synonymous;  and,  on  this  basis,  the  following 
description  of  the  condition  is  founded. 

Arterio-sclerosis,  Atheroma  (or  Athero-sclerosis,  as  it  is  termed  by 
recent  German  writers). — The  essential  lesion,  in  this  condition,  is  a 
thickening  of  the  intima,  with  varying  degrees  of  degenerative  changes 
in  its  deeper  part,  i.  e.  the  part  most  distant  from  the  lumen  of  the 
vessel.  The  thickening  is,  commonly,  hmited  in  area,  producing  irregular 
patches  or  flattened  nodules;  but  it  may  be  more  diffuse  and  wide- 
spread, giving  rise  to  general  thickening  and  rigidity  of  the  vessels. 
In  the  former  variety,  nodular  atheroma,  which  is  commonest  in  the 
aorta  and  large  vessels,  and,  in  the  syphilitic  variety,  often  confined 
to  the  arch,  distinct  elevated  patches,  with — to  the  naked  eye,  at  all 
events — well-defined  edges,  are  seen  (see  fig.  254).  At  first,  these 
areas  are  translucent  or  pearly  in  appearance,  but  soon  assume  a 
dull  white  or  yellowish  colour,  on  account  of  the  fatty  degeneration 
which  occurs  in  the  deeper  part  of  the  patches.  As  they  become 
older,  they  tend  to  increase  in  size,  adjacent  patches  coalesce,  the 
fatty  degeneration  becomes  more  marked,  and  lime-salts  are  deposited 
in  the  degenerated  areas.  Thus  are  produced  large,  irregular,  raised, 
1  Cowan,  Diseases  of  the  Hearty  Arnold,  1014. 
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calcareous  nodules  in  the  inner  wall  of  the  vessel  (see  fig.  254).    The 
continuity  of  the  endothelium  covering  the  ;  *  preserved; 

but,  at  a  later  stage,  this  aho  undergoes  degenerative  changes  and  may 
become  lost,  and,  as  a  result,  thrombosis  is  very  liable  to  occur  on  the 
roughened  patches.  The  calcified  plates  crack  across,  and  thus  the 
blood  in  the  vessel  may  burrow  its  way  bet  ween  the  inner  and  middle  i 
or  between  layers  of  the  middle  coat,  and  produce  the  condition  of  dis- 
secting aneurism.  The  degenerated  focus  may  soften  completely,  and 
form  a  cavity  containing  fatty  debris  and  crystals  of  the  fatty  acids. 
The  tissue  superficial  to  the  cavity  may  eventually  give  way  and  thus 
form  an  atheromatous  ulcer,  in  the  wTalls  of  which  calcification  occurs. 


£* 


FlO.  253. — Radial  artery,  shewing  U  early  patch  of  thickening  of  the  intima  (on  the 
right).     The  elastic  lamina  is  stained  dark.      >;  - 

On  microscopical  examination  (see  Chapter  11..  Plate  1..  fig.  -i). 
the  change  is  seen  to  consist  of  a  laminated  thickening  of  the  inner 
coat,  due  to  proliferation  of  the  Bubendothehal  connective  tissue,  and 

perhaps  also,  as  some  writers  believe,  of  the  endothelium.  In  the 
early  stages,  many  round,  oval,  or  irregular  cells  are  found  between  the 
connective-tissue  strands.  The  thickening  may  be  very  considerable 
in  amount.  In  its  normal  condition,  the  intima  is  nourished  by  the  blood 
in  the  lumen  of  the  vessel.     When  the  inner  coat  becomes  thickened 
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beyond  a  certain  degree,  its  deeper  part  cannot  receive  sufficient  nourish- 
ment from  the  blood  circulating  in  the  lumen,  and,  unless  it  can  obtain 
its  blood-supply  from  some  other  source,  it  degenerates.  This  degenera- 
tion is,  at  first,  of  the  nature  of  a  fatty  transformation,  or  is  partly  necrotic 
in  character,  and,  at  a  later  period,  calcification  takes  place.  The  elastic 
tissue  in  the  larger  arteries  may  become  fragmented,  but  there  seems  to  be 


Fig.  254. — Atheroma  of  Aorta.     In  one  specimen  tho  change  is  seen  specially  round  the 
orifices  of  tho  arterial  branches ;  in  the  other  it  is  more  advanced  and  widely  spread. 


some  evidence  that  an  actual  proliferation  of  it  takes  place.  In  the 
smaller  arteries,  the  internal  elastic  lamina  becomes  straightened  out 
and  fragmented,  and,  at  places,  it  may  entirely  disappear.  The  muscular 
part  of  the  middle  coat  may  remain  unaltered,  but  degeneration  and 
atrophy  of  the  muscle-fibres,  with  an  over-growth  of  fibrous  tissue,  espe- 
cially opposite  the  site  of  greatest  thickening  in  the  inner  coat,  are  of  fre- 
quent occurrence ;  and  it  is  said  that  this  secondary  thickening  is  a  marked 
feature  of  the  syphilitic  type  of  the  disease,  if  the  process  is  not  very 
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Fio.  255. — Aorta,  shewing  great  thickening  of  Ultima  with  dt 
deeper  part,      x  30  diam. 


y^i 
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Fio.  250. — Thickened  Arteries  in  the  Kidney,  shewing  increase  in  elastic  tissue.       X  200. 
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acute.  There  may  be  a  deposit  of  lime-salts  in  the  degenerated  parts  of 
the  muscular  coat ;  or,  in  some  cases,  myxomatous  degeneration 
occurs;  and  the  possibility  of  a  new  formation,  not  only  of  strands  of 
elastic  tissue,  but  of  a  definite  elastic  lamina,  must  be  recognised.  The 
outer  coat  may  be  unaltered,  or  a  certain  amount  of  fibrous  hyperplasia 
be  present  in  it.  In  the  syphilitic  cases,  there  is  an  infiltration  of  lympho- 
cyte-like cells  round  the  vasa  vasorum  both  in  the  media  and  the  advent  itia. 
In  the  diffuse  or  sclerous  form  of  atheroma,  the  arteries  are  usually 


Fia.  257. — Atheroma  in  a  cerebral  artery,  shewing  the  thickening  and  degeneration  of 
the  intima,  the  fragmentation  of  the  internal  elastic  lamina,  and  the  degenerative 
changes  in  a  portion  of  the  media,     x  40. 


dilated,  and,  on  section,  in  spite  of  the  thickening  of  the  inner  coat, 
remain  abnormally  patent,  though,  in  some  cases,  this  thickening 
may  be  so  great  as  to  cause  complete  obliteration  of  the  lumen.  The 
vessels  may  be  tortuous — this  tortuosity  being  due  to  their  loss  of 
elasticity  and  consequent  elongation. 

On  microscopical  examination,  the  thickening  of  the  inner  coat  is 
usually  more  or  less  uniform,  and  is  made  up  of  regular  concentric  layers 
of  fibrous  tissue.  Fatty  and  other  degenerative  changes  may  be  found, 
but  they  are  not  so  common  as  in  the  nodular  form. 

The  middle  coat  is  said  by  some  authorities  to  be  hypertrophied. 
35 
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We,  however,  Me  no1  prepared  to  accept  this  statement  as  applicable  in 
all  cases.  Hypertrophy  of  the  middle  coat  occuni  in  a  certain  proportion; 
but  in  others  there  is  definite  atrophy  of  the  muscle-fibres  ;  whilst  in  some, 
where  there  is  apparent  thickening,  this  is  due,  not  to  hypertrophy,  but 
to  overgrowth  of  fibrous  tissue  consequent  upon  atrophy  of  the  muscular 
substance — a  phenomenon  which  can  be  well  demonstrated  by  such 
differential  stains  a-  van  Gieson's  picro-fuchsin.  The  internal  elastic 
lamina  may  lose  its  wavy  character,  and  is  frequently  swollen  and 
fragmented.     The  outer  coat  sometimes  shews  fibrous  overgrowth. 

Sites  of  Occurrence. — The  nodular  form  is  seen  especially  in  the  aorta 
and  large  vessels.     In  the  aorta,  the  condition  is  most  marked  in.  and 


Fio.  258. — Arteries  in  the  Kidney  from  a  ease  of  chronic  Bright's  disease,  shewing 
the  regular  laminated  thickening  of  the  inner  coat,     x  50. 

may  be  confined  to,  the  arch,  in  which  the  thickening  and  the  degenerative 
changes  are  developed  especially  immediately  above  the  valve-cusps  and 
round  the  origins  of  the  coronary  arteries  and  the  great  vessels  of  the 
neck  :  though,  in  the  syphilitic  t  ype  of  the  disease,  there  may  be  no  special 
relationship  to  the  emergent  vessels.  When  it  occurs  in  the  thoracic 
or  abdominal  aorta,  the  same  advanced  change  is  frequently  seen  round 
the  origins  of  the  intercostal,  lumbar,  and  other  arteries,  and  also  espe- 
cially at  the  bifurcation  of  the  abdominal  aorta  into  the  common  iliacs. 
The  coronary  arteries  of  the  heart  and  the  arteries  of  the  brain  may  shew 
this  degenerative  condition  in  a  more  or  less  pronoun  pee;  and 

the  pulmonary  arteri<  ilso  be  affected,  especially  in  mitral  stenosis,  in 

which  condition  even  the  Bmallest  visible  branches  of  the  vessel  may  shew 
the  change.    In  the  diffuse  or  sclerous  form,  the  medium-sized  and  smaller 
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vessels,  such  as  those  of  the  kidneys,  brain,  or  ovaries,  are  most  commonly 
affected,  and  the  change  is  best  seen  in  the  arteries  of  the  kidney  in  cases 
of  chronic  Bright 's  disease.  The  thickening  of  the  inner  coat  may  be  so 
marked  as  to  cause  complete,  or  almost  complete,  obliteration  of  the 
lumen  of  the  vessel. 

JEtiology. — It  is  extremely  difficult  to  assign  any  definite  causation 
for  most  individual  cases  of  atheroma.  It  is  so  constant  in  old  age, 
that  a  certain  degree  of  it  may  be  considered  almost  a  physiological 


Fig.  259. — Ovary  :  arteries  shewing  marked  thickening  of  inner  coat,      x  90  diam. 

process;  but,  in  younger  people,  it  is  known  to  occur  as  a  sequel  of 
syphilis,  gout,  alcoholism,  and  chronic  toxaemias  of  any  kind.  Patches 
of  early  atheroma  are  frequently  found  immediately  above  the  valve  in 
the  aorta  of  young  children  and  even  of  infants.  In  certain  cases  of 
chronic  nephritis,  the  arterial  changes  seem  to  be  due  to  the  non-elimination 
of  effete  and  toxic  products  by  the  damaged  kidney,  but  there  is  little 
doubt  that,  in  many  cases,  the  kidney-condition  is  a  sequel  of  the  vascular 
change.  The  experiments  by  Klotz,  already  referred  to,  appear  to  shew 
that  atheroma  may  be  produced  by  the  direct  action  of  bacteria  or  their 
products  on  the  vessel-wall.     The  sites  at  which  it  occurs  point  specially 
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to  friction  or  strain  afi  being  an  important  causal  !  Thus,  in  the 

aorta,  the  condition  is  always  most  marked  in  thai  part  oi  the  arch  which 
is  most  exposed  to  the  impact  of  the  blood  dining  tb  e  of  tin- 

heart,  and  at  the  onticcs  of  branches, where  the  friction  and  strain  are 
also  great.  Again,  in  cases  of  oongenital  narrowing  of  the  aorta,  there 
may  be  very  marked  atheroma  on  the  proximal  side  of  tie-  etrid 
whilst  the  vessel-wall  on  the  distal  Bide  may  be  quite  unaffected  with 
the  disease.  In  the  pulmonary  artery,  the  condition  is  most  marked  in 
-  where  there  is  increased  pressure  in  the  vessels,  a-,  for  example,  in 
a  of  chronic  venous  congestion  arising  from  obstruction  at  the  mitral 
orifice, combined  with  hypertrophy  of  the  walls  of  the  right  ventricle. 

McNeeand  Wilson  l  have  shewn  that,  by  feeding  rabbits  on  cholesterol 
for  from  three  to  six  months,  there  is  produced, at  first,  a  distinct  thickening 
of  the  intima  in  the  aorta:  that  this  thickening  is  formed  in  irregular 
patches:  and  that,  later,  a  fatty  deposit  is  found  in  the  deeper  law: 
the  thickened  inner  coat.  In  some  of  their  experimental  animals,  they 
found  also  degeneration  and  calcification  in  the  media.  These  experi- 
ments, which  are  confirmatory  of  those  carried  out  by  Anitschkow  and 
(lialatow,2  have  produced  changes  which  approach  very  closely  to  those 
found  in  human  arterio-sclerosis.  Other  observers  have  produced  similar 
changes  by  feeding  rabbits  on  purely  animal  food,  e.g.  ox-flesh,  eggs,  and 
milk.  The  liver,  in  these  cases,  becomes  laden  with  droplets  of  fat  which. 
on  examination,  are  found  to  consist  of  doubly  refracting  cholesterol- 
fat.  Further  interest  is  given  to  those  experiments  when  we  consider 
that  cholesterol  is  a  normal  constituent  of  every  cell  in  the  body,  and 
that  it  is  present  in  considerable  amount  (1*5  to  18  grammes  per  litre) 
in  the  blood-serum,  chiefly  as  cholesterol-ester.  This  cholesterol-ester  is 
found  in  the  arteries  in  arterio-sclerosis,  and  in  the  kidney  in  chronic 
Bright's  disease  ;  and  in  these  and  various  other  pathological  conditions,  it 
is  markedly  increased  in  amount  in  the  blood -serum.  The  following  is  an 
analysis  by  Windaus  3  of  normal  and  arteriosclerotic  aorta?:  — 

1.  Normal  Aobt  e 
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In  various  forms  of  Bright's  disease,  the  increase  is  from  2*5  to  4*2 
grammes  per  litre  of  the  blood-serum. 

Further  interesting  facts  on  this  subject  are  given  in  a  paper  by 
McNee.1  The  changes  have  been  found  in  rabbits,  but  not  in  carni- 
vora,  and  in  the  aorta,  but  not  in  the  smaller  vessels,  and,  therefore, 
definite  conclusions  cannot,  as  yet,  be  drawn  from  these  experiments, 
though  the  work  is  extremely  suggestive. 

Pathogenesis. — The  manner  in  which  the  various  causes  operate 
in  producing  arterial  degeneration  is  still  an  unsolved  problem.  Ac- 
cording to  Thoma  and  others,  the  changes  are  due  to  the  adaptation 
of  the  vessel  to  the  diminished  velocity  of  the  blood-stream  produced 
by  the  inability  of  the  middle  coat  to  contract,  the  amount  of  blood 
flowing  through  the  vessel  being  mainly  regulated  by  the  calibre  of  the 
artery.  They  hold  that  there  is  a  primary  degenerative  change  in  the 
muscular  coat,  which  leads  to  a  loss  of  its  power  of  contraction .  The  vessel 
thus  becomes  dilated  at  these  degenerated  areas,  and,  in  order  to  make 
up  for  this  dilatation  and  slowing  of  the  blood-stream,  a  compensatory 
thickening  of  the  inner  coat  takes  place.  If  the  rate  of  the  flow 
were  reduced  to  one-half,  the  sectional  area  of  the  vessel,  they  believe, 
would  be  diminished  to  one-half,  and  the  channel  would  be  about  half 
the  normal.  If  this  diminution  cannot  be  brought  about  by  muscular 
contraction,  it  will,  they  maintain,  occur  by  a  gradual  fibrous  thickening 
of  the  inner  coat.  This  theory  necessarily  postulates  some  primary 
damage  to  the  middle  coat.  Though  this  primary  muscle-degeneration 
may  sometimes  occur,  atheroma  may  be  present  in  an  artery  the  media 
of  which  is  apparently  quite  healthy;  and,  moreover,  in  many  cases,  the 
change  in  the  media  is  the  effect,  and  not  the  cause,  of  the  alteration  in 
the  intima. 

The  experimental  work  of  Klotz,  to  which  reference  has  already  been 
made,  shews  that  the  thickening  of  the  intima  may  be  produced  without 
any  obvious  change  in  the  media,  and,  apparently,  by  the  direct  action  of 
bacteria  or  their  products  on  the  intima  itself;  and,  further,  Klotz. 
Rickett,  and  others,  have  shewn  that  extensive  degenerative  changes  in 
the  muscular  coat  are  not  necessarily  followed  by  proliferative  changes 
in  the  intima. 

The  more  commonly  accepted  view  is  that  the  thickening  of  the 
intima  is  the  direct  result  of  excessive  pressure  or  strain,  or  of  the  action 
of  toxins  upon  the  walls  of  the  vessels,  or  of  a  combination  of  these  ;  and 
that  it  is  more  liable  to  occur  in  vessels  the  elasticity  of  whose  muscular 
coat  is  impaired  by  malnutrition  or  other  cause.  Increase  of  pressure  in 
the  vessels  may  bring  about  a  loss  of  elasticity,  and  this  probably  explains 
why,  in  cases  of  muscular  overwork,  or  in  persons  in  whom  the  heart 
is  hypertrophied,  atheroma  commonly  occurs. 

Effects  of  Atheroma. — The  vessels  may  be  considerably  narrowed, 
1  McNee,  Quart.  Jour.  Med.,  April  1014  (vol.  7,  No.  27). 
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and.  if  this  happens  in  the  BmaUei  arteries,  such  as  th  big  blood 

to  the  heart,  the   brain,  the  kid  may   be 

marked  nutritional  changes  in  the  i  ippKed.    Thus,  iii  the  heart, 

there  may  be  some  atrophy  of  the  muscle-fibres  and  repl 

by  fibrous  or  fatty  tissue ;  or,  if  the  vessel  becomes  thrombosed  -a  likely 

result  of  the  degeneration  and  narrowing-  infarction  and  q< 

occur.     In  the  brain,  softening  is  a  frequent  result  of  such  oarrowii 

the  arteries;  and.  in  the  kidneys, degenerative  changes  and  overgrowth 

of  fibrous  tissue  commonly  occur. 

The  narrowing  of  the  peripheral  vessels  constitutes  an  impediment 


200.— Thic 


teij   from  the  stomach- wall  in  a  rax-  <>f  chrooio  gi 
ulcer.      : 


the  Wood-flow,  and  hence  to  the  action  of  the  heart;  and  this  leads  to 

hypertrophy  of  its  muscular  wal  ially  those  of  the  left  ventricle. 

The  rigidity  and  the  loss  of  contractility  and  elasticity  of  the  walls, 
produced  by  the  atheroma,  are  very  important  factors  in  the  causation 
of  aneurism. 

(<j)  ENDARTERITIS  PROLIFERANS  OR  OBLITERANS.  This  is  I 
chronic  process  in  which  the  main  feature  is  a  concentric  thickening  of 
the  intima,  without  the  occurrence  of  de  cotk  chat 

in  the  proliferated  tissue.    The  thickening  may  I 

inces,  the  lumen  of  the  vessel  is  almost,  or  even  completely,  obliter- 
ated.   The  newly-formed  tissue  in  the  intima  is  vascular,  and  is  really 

of  the  nature  of  i:ianulation-ti>Mie.     This  condition  is  well  illustrated  in 
the  proliferative  andoblil  which  take  place  in  th) 
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during  the  healing  of  a  wound,  and  in  chronic  irritative  or  inflammatory 
diseases  such  as  tuberculosis,  leprosy,  and  syphilis  (see  figs.  260  and  261). 
It  is  also  seen  in  cases  of  chronic  Blight's  disease  and  of  silicosis.  A 
somewhat  similar  appearance  of  the  Ultima  is  produced  during  the 
organisation  of  thrombi. 

(h)  SYPHILITIC  DISEASE.— Syphilis  may  affect  the  arteries  in  vari- 
ous ways.  It  is  undoubtedly  one  of  the  causes  of  atheroma,  especially 
in  the  aorta.  In  the  smaller  vessels,  however,  the  condition  produced 
is  usually  one  of  endarteritis  proliferans,  with  or  without  proliferative 
changes  in  the  outer  coat.  The  essential  lesion,  in  all  cases,  is  the  form- 
ation of  young  granulation-tissue,  which,  at  a  later  period,  undergoes 
transformation  into  well-formed  fibrous  tissue.  According  to  most 
observers,  the  affections  of  the  aorta  caused  by  acquired  syphilis  are 
found  especially  in  the  ascending  part  of  the  arch;  and,  in  early  and 
more  acute  affections,  the  patches  or  plaques  have  a  thick,  raised,  almost 
"  fleshy  "  appearance,  and  are  semi-translucent,  pale,  white,  or  slightly 
pinkish  in  colour.  Later,  when  viewed  from  the  intimal  surface,  they 
show  a  peculiar  stellate  scarring,  with  deep  furrows  and  extensive  endo- 
thelial proliferation.  Calcification  is  not  common.  Microscopically, 
there  is  an  abundant  infiltration  of  lymphocyte-like  cells  (plasma-cells, 
etc.)  following  the  distribution  of  the  vasa  vasorum,  destroying  locally 
the  elastic  and  muscular  elements  of  the  media,  and  causing  extensive4 
gaps  in  this  coat.  These  gaps  are  ultimately  filled  by  fibrous  tissue, 
and  a  thickening  of  the  intima  takes  place  over  them. 

The  Syrirochceta  ^pallida  is  found,  often  in  considerable  numbers,  in 
these  areas  in  the  media.  The  vasa  vasorum  may  show  endarteritis 
proliferans.  Aneurismal  dilatation  is  common  and  is  explained  by  the 
marked  degree  of  mesarteritis. 

Syphilitic  endarteritis  is,  according  to  Greenfield,  most  typically 
illustrated  in  the  proliferative  or  obliterative  form  of  the  disease  seen 
especially  in  the  arteries  of  the  brain.  The  change  is  usually  wide-spread, 
but  sometimes  it  may  select  one  or,  more  frequently,  a  group  or  system 
of  vessels  in  certain  organs  or  tissues. 

The  inner  coat  becomes  thickened  by  the  formation  of  more  or  less 
regular,  concentric  laminae  of  fibrous  tissue,  which  may  greatly  narrow, 
or  even  obliterate,  the  lumen.  Between  the  connective-tissue  lamina\ 
elongated  cells  are  found — the  relative  proportion  between  these  two 
of  structural  elements  varying  with  the  rapidity  or  the  chronicitv  of  the 
change.  If  rapidly  growing  and  in  the  early  stage,  the  newly  formed  tissue  is 
more  cellular;  if  slowly  developed  and  of  some  standing,  more  fully  formed 
fibrous  tissue  is  seen.  In  the  process  of  formation  of  this  new  tissue, 
young,  thin-walled  capillaries  are  developed.  These  grow  from  the  vasa 
vasorum,  penel  rate  t  he  internal  elasl ic  lamina,  and  vascularize,  and  so  help 
to  maintain  the  nutrition  of, the  newly  tanning  tissue.  It  is  on  account 
of  this  vascularisation  that  degenerative  changes,  such  as  occur  in  the 
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nodular  form  of  atheroma,  are  absent  in  this  variety  of  endarteritis. 
The  newly-formed  tissue  of  the  intima  lively  developing 

granulation-tissue.  According  to  many  authors,  the  ultima]  proliferation 
is  a  process  secondary  to  the  medial  change,  but  this,  in  our  opinion,  is 
not  borne  out  by  facts.     We  regard  the  intima]  chu  ih  of 

a  chronic  inflammation  caused  by  the  poison  of  Byphilis  acting  directly 
on  the  inner  coal  of  bh<  the  Sjrirochwta  paUida  being  found  in 

this  coat,  though  i1  is  also  present,  as  already  stated,  in  the  rated 


lie,.  261.    -Syphilitic  Artery,  Bhewing  proliferative  changes  in  the  innei 
(endarteritifl  proliferans),  and  also  peri-arteriti 


areas  of  the  media.    The  middle  coat  may  show  some  cellular  infiltration, 

and    also    fibrous   change    when    the   condition    is   at    all   advanced.     The 

internal  elastic  lamina  is  usually  unaffected,  but  there  may  be  an  actual 
new  formation  of  elastic  tissue  (see  fig.  256).  The  outer  coat  generally 
shews  active  proliferative  changes,  wit]  accumulations  of  small 

lymphocyte-like  cells,  and  the  formation  of  granulation-tissue.  This 
syphilitic  peri-arteritis  is  seen  especially  around  the  small  arterioles  and 
vasa  vasorum.  The  cellular  infiltration  may  extend  into  the  outer 
layers  of  the  media,  where  ti      5  Bta  pallida  is  also  found. 

Effects.     Syphilitic  d  illy  when  n  f  the 
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larger  vessels,  e.g.  the  basilar  and  other  cerebral  arteries,  carotids,  aorta, 
cceliac  axis,  etc. — causes  a  loss  of  elasticity,  and,  as  a  result,  dilatation 
takes  place.  This  dilatation  may  be  very  irregular,  and  may  lead  to 
the  formation  of  aneurisms ;  but  aneurismal  dilatation  of  the  larger 
vessels  may  also  be  produced  by  syphilitic  endarteritis  causing  oblitera- 
tion of  the  vasa  vasorum,  the  consequent  loss  of  nutrition  leading  to 
degeneration  and  weakening  of  the  wall  of  the  large  vessel. 

The  narrowing  of  the  vessels  may  give  rise  to  nutritional  changes  and 
overgrowth  of  fibrous  tissue  in  the  various  structures  to  which  they  are 
distributed ;  or  it  may  cause  thrombosis  in  the  vessel  itself,  just  as  do 
the  changes  in  atheroma. 

Note. — Russell  *  classifies  "  the  pathological  changes  in  arteries  which 
are  of  practical  importance  to  the  clinician  "  thus  : 

1.  Atheroma  and  Endarteritis  Deformans. 

2.  Obliterative  Endarteritis  and  Acute  Aortitis. 

3.  Calcareous  infiltration  of  the  tunica  media. 

4.  Arterio-sclerosis. 

We  prefer  the  grouping  which  we  have  given,  and  which  was  for  so  long  taught 
by  Greenfield,  for,  in  the  sclerous  form  of  atheroma,  as  has  been  pointed  out, 
obliterative  changes  are  not  by  any  means  constant.  The  vessels  are  frequently 
dilated.  Again,  in  the  true  obliterative,  or,  preferably,  proliferative,  form  of 
endarteritis,  such  as  is  seen  in  the  healing  of  wounds,  the  newly-formed  tissue 
is  vascular  and  really  inflammatory  in  nature  ;  and  we  therefore  think  it  well  to 
confine  the  term  to  conditions  which  shew  these  characteristics. 

The  term  "  arterio-sclerosis  "  Russell  confines  to  those  cases  in  which  there 
is  "  a  marked  thickening  of  the  tunica  media  due  to  a  hypertrophy  of  its 
muscle-fibres ;  a  thickening  of  the  tunica  intima  due  to  a  hyperplasia  of  its 
subendothelial  connective  tissue,  without  atheromatous  degeneration ;  and, 
in  some  instances,  fibrous  hyperplasia  and  thickening  of  the  tunica  adventitial' 
In  a  recent  paper,  Russell  emphasises  these  views,  and  claims  that  hyper- 
trophy of  the  middle  coat  is  the  first  stage  in  arterio-sclerosis ;  a  partial 
fibrous  transformation  of  this  muscular  coat  the  second  stage  ;  and  a  calcareous 
deposit  in  this  thickened  coat  the  third  stage.  He  further  states  that,  while  these 
changes  take  place  in  the  radial  and  other  arteries  used  for  clinical  examination, 
"  the  arterial  change  in  the  branches  of  the  renal  artery  inside  the  kidney. 
and  possibly  the  arteries  inside  other  organs,  is  an  obliterative  endarteritis 
with  sometimes  thickening,  at  other  times  atrophy,  of  the  tunica  media." 

(i)  TUBERCULOUS  DISEASE  of  the  arteries  needs  only  to  be  men- 
tioned. The  arteries  may  become  involved  in  the  local  spread  of  a 
tuberculous  focus  precisely  in  the  same  way  as  other  tissues — the  tubercles 
being  mainly  found  in  the  adventitia,  and,  in  cases  of  tuberculous  menin- 
gitis, these  changes  are  specially  well  seen  in  the  pial  and  perforating 
vessels.  The  weakening  of  the  wall  produced  by  the  caseation  may  lead 
to  aneurismal  dilatation.  More  rarely,  a  tuberculous  affection  of  the 
intima,  simulating  that  seen  in  syphilis,  occurs.  In  the  development  of 
tuberculous  lesions,  obliteration  of  the  vessels  takes  place  in  the  nodules, 
though  there  may  be  increased  vascularity  around  them. 

1  Russell,  Arterial  Hj/pertcnius,  Sclerosis  and  Blood-Pressun ,  William  Green  & 
Sons,  Edin.  and  Lond.,  1907;  also  Brit.  Med.  Jour.,  May  17.  1(.>lU.  p.  B6 
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(j)  PERIARTERITIS  NODOSA.1— Tliis  condition— a  true  p 

arteritis — nodular   in   its  distribution.     It   is   probably   a   manifestation   of 
syphilis  and  may  affect  especially  the  of  the  brain. 

(A)  POLYARTERITIS  ACUTA  NODOSA  is  a  disease  of  great  rarity,  the 
first  case  in  this  country  having  been  described  by  one  of  us.1  It  occurs  mostly 
in  males,  and  is  characterised  by  the  formation  of  small  localised  nodules  upon 
the  smaller  and  medium-sized  arteries.  These  nodules  show  local  inflammatory 
changes,  necrosis  of  the  vessel-wall  (especially  of  the  media),  usually  with  the 


I-'ju.  262.      l     U    .v<      h   Polyarteritis*     Longitudinal  section  of  a  small  artery  from 
mesentery,  shewing  break  in  internal  elastic  lamina  and  muscular  coat,  and  formation 
of   minute   aneurism.     Organising    thrombus    in    lumen.     Carnegie   Die! 
(Unna's  modified  orcein  method  f«-r  elastic  tissue.)     x  H»<». 


formation  of  a  small  aneurism,  and  thrombosis  of  the  contents  of  the  lumen 
and  of  its  aneurismal  dilatation.  There  is,  in  addition,  rupture  of  the  internal 
elastic  lamina  and  often  considerable  thickening  of  the  intima.  The  arteries 
mostly  attacked  an-  those  of  the  heart  and  kidneys,  and  sometimes  thoi 
the  mesentery,  liver,  stomach,  intestines,  muscle,  etc. --very  rarely  those  of 
brain  or  Lungs.     In  these  organs  and   tie  ondaiy   changes   sueh   as 

infarction,  ueciosis,  hemorrhage,  etc.,  may  occur  from  blocking  of  the  arteries. 
In  a  i  ribed  b\  uid  Don.  ith  resulted  from  rupture  of  an 

1  Carnegie  Dickson,  "  Polyarteritis  Acuta  Nodosa  and  Periarteritis  Nodi 

Jour.  Path,  and  1'xuL,  Cambridge  and  London.  l!H>7,  \ol.  xii.  p.  31. 

J  Beattie  and  Douglas.  "  A  Case  ol   Polyarteritis  Acuta  Nodosa,"  Jomr.  Path. 
and  Bad.,  Cambridge,  1912,  vol.  wii.  No.  2,  p.  195. 
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aneurism  in  the  kidney,  and  there  was  a  deposit  of  fibrin  in,  and  a  leucocytic 
infiltration  of,  the  adventitia  of  the  affected  arteries.  The  cause  of  the 
condition  is  unknown,  though  the  general  histological  appearances,  in  the  case 
described  by  Beattie  and  Douglas,  suggested  a  bacterial  infection,  and  the 
clinical  history  supported  this  view.  No  organisms  could  be  demonstrated 
in  the  actual  vascular  lesions,  but  a  pure  growth  of  streptococci  was  obtained 
from  the  blood  round  the  ruptured  aneurism. 

(I)  RHEUMATIC  FEVER  AND  ARTERIAL  LESIONS.— Thickening  of 
the  peripheral  arteries  has  been  described  as  secondary  to  acute  articular 
rheumatism,  and  some  authors  regard  rheumatism  as  an  important  factor 
in  the  production  of  many  of  the  thickenings  seen  in  later  life.  Proliferative 
endarteritis  and  diffuse  mesarteritis  have  both  been  described  and,  as  a  result 
of  the  mesarteritis,  the  formation  of  aneurisms  has  been  explained.  Some 
of  the  cases  of  polyarteritis  acuta  nodosa  have  been  associated  with  attacks  of 
acute  rheumatic  fever.  The  evidence  seems  sufficiently  strong  to  establish 
the  position  that  acute  rheumatism  is  a  factor  in  the  production  both  of  arterio- 
sclerosis and  of  aneurism.  Klotz  x  has  described  the  production  of  an  acute  sac- 
cular aneurism  in  a  boy  of  six  years,  during  an  attack  of  acute  rheumatism  with 
severe  valvular  disease,  and,  in  this  case,  there  was  a  well  marked  mesarteritis. 
A  streptococcus  was  grown  from  the  blood  and  from  the  spleen.  Somewhat 
similar  changes,  with  necrosis,  fibrin -formation  and  accumulation  of  leuco- 
cytes, have  been  described  as  occurring  in  pneumonia,  in  ulcerative  endo- 
carditis, and  in  scarlet  fever. 

ANEURISM 

An  aneurism  may  be  defined  as  a  more  or  less  circumscribed  dilatation 
of  a  vessel  or  of  the  heart -wall.  The  term,  however,  is  also  somewhat 
loosely  used  for  localised  collections  of  blood,  either  between  or  in  the 
layers  of  the  vessel-wall,  or  even  for  collections  which  are  surrounded  by 
a  more  or  less  well-defined  envelope,  though  they  be  altogether  external 
to  an  artery.  We  propose,  here,  to  confine  the  term  aneurism  to  the 
true  variety — a  dilatation  of  a  vessel,  and  particularly  of  an  artery. 
Aneurism  of  the  heart  has  been  described  on  p.  525,  and  dilatations  of 
veins  will  be  referred  to  later. 

/Etiology. — Aneurisms  are  due  to  local  weakening  of  the  vessel-wall, 
and  their  production  is  aided  by  any  increased  pressure  within  the  vessel. 
Thus,  any  process  which  produces  degenerative  changes  in  the  vascular 
system  may  be  regarded  as  a  possible  cause  of  aneurism.  The  condition 
is  of  most  frequent  occurrence  in  persons  about  the  age  of  forty  or  forty- 
five,  and  in  those  whose  vessels  shew  arterio-sclerotic  changes.  Among 
the  common  primary  causes  are  syphilis  (in  at  least  50  per  cent,  of  cases), 
alcoholism,  gout,  lead-poisoning,  and  other  chronic  intoxications.  Rheum- 
atic fever,  and  possibly  other  acute  infections,  by  producing  a  more  or 
less  acute  endarteritis,  may  be  important  causal  agents.  These  factors 
are  aided  by  increased  blood-pressure,  and,  for  this  reason,  aneurisms 
are  most  frequently  found  in  those  who  are  subjected  to  severe  muscular 
strain  and  are,  therefore,  much  commoner  in  males  than  in  females.     The 

1  Klotz,  "Arterial  Lesions  in  Rheumatic  Fever,"  Jour.  Path,  and  Bail..  1913, 
vol.  xviii.  No.  2,  p.  259. 
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occurrence  of  aneurisms  in  Blight's  disease  is  probably  due  to  the  de- 
generative changes  in  the  wall  of  the  vessel  broughl  about  by  the  chronic 
toxiemia,  but  there  Beems  little  doubt  that  the  persistent  high  pressure  in 

the  vascular  system  is  an  im- 
portant contributory  cause.  The 
degenerative  changes  and  tin* 
loss  of  contractility  and  <  I 
city  in  the  media  diminish  the 
resistance  to  the  distensile  force 
of  the  blood  ;  and  probably,  in 
the  majority,  if  not  in  all.  of 
the  cases,  this  degeneration  is 
essential  to  the  production  of  the 
dilatation.  Destructive  changes 
in  the  walls  of  the  arteries 
may  also  be  produced  by  direct 
injury  :  by  the  spread  of  ul< 
tion  from  outside,  e.  g.  aneurism 
of  the  splenic  artery  resulting 
from  the  involvement  of  that 
vessel  in  ulceration  of  the 
stomach,  or  aneurism  of  a  branch 
of  the  pulmonary  artery  due 
to  destructive  changes  in  a 
phthisical  cavity:  or  1» 
involving  the  artery  from 
within,  as  occurs  in  septic 
embolism  or  in  the  local  spread 
of  malignant  endocarditis  into 
the   aorta. 

Sites  of  Aneurisms. —  The 
artery  most  commonly  affected 
is  the  aorta,  and,  in  particular, 
its  thoracic  portion.  The  aneur- 
ism start-,  as  a  rule,  in 
the  region  of  the  sinuses  of 
Valsalva,  and,  eventually,  may 
involve  especially  1 1  ding 

part  of  the  arch. 
the  aneurisms  are  multiple,  and 
an     aneurism    of     the    thoracic 

aorta  may  be  associated  with  one  or  more  on  the  abdominal  aorta. 
Next  in  point  of  frequency  to  the  aorta,  the  popliteal,  femoral,  carotid, 
subclavian,  axillary,  innominate,  iliac,  cerebral,  and  various  visceral 
arteries  are  affected. 


Fio.  263.     Aneurism  o\  Abdominal  Aorta  filled 
with      thrombi!*.      (Edinburgh     University 


Anatomical    Museum. 

(I.  f.  1.) 


ogue   No.,   Cir. 
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Though  larger  aneurisms  of  the  cerebral  arteries  are  comparatively 
uncommon,  minute  or  miliary  aneurisms  are  of  not  infrequent  occurrence. 
They  affect  especially  the  smaller-sized  blood-vessels  of  the  brain — 
particularly  the  branches  supplying  the  lenticulo-striate  body — and  the 
retinal  arteries. 

Aneurisms  resulting  from  emboli  are  most  commonly  found  in  young 
people,  especially  in  the  cerebral,  though  they  may  also  develop  in  the 
peripheral,  vessels.  They  are  probably  due  to  stretching  of  the  degener- 
ated, and  perhaps  necrotic,  vessel-wall  by  the  increased  pressure  behind 
the  obstruction. 


Fia.  264. — Section  through  a  laminated  Thrombus  in  an  Aneurism  of  the  Aorta. 
(Pathological  Museum,  University,  Sheffield.) 

Varieties  and  Structure. — True  aneurisms  may  be  divided  into  two 
main  varieties  : — 

(1)  Those  in  winch  there  is  primarily  a  general,  and  more  or  less 
uniform,  dilatation  of  all  the  coats  of  a  vessel — the  fusiform  aneurism. 
As  the  dilatation  increases,  there  may  be  thickening  of  the  inner  and 
outer  coats,  with  atrophy  of  the  media.  This  atrophy  is  usually  only 
partial,  but,  at  places,  there  may  be  complete  disappearance  of  the 
muscular  tissue.    More  rarely,  the  inner  coat  also  undergoes  atrophy. 

(2)  Those  which  are  really  pouches  from  the  vessel — a  local  unilateral 
dilatation  taking  place  at  a  weakened  part  of  the  vessel- wall.  These 
saccular  aneurisms  usually  communicate  with  the  vessel  by  a  more  or 
less  narrow  opening.     The  wall  of  the  aneurismal  sac,  like  that  of  the 
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fusiform  aneurism,  mav  Bhew  evidence  of  the  pr  I  the  three  o 

of  the  vessel,  with,  however,  the  media  usually  atrophied  and  the  ultima 

thickened  and  atheromatous.     In  othei  be  impossibl 

trace  the  constituent 

Thrombosis  is  a  very  oommon  occurrence  in  this  class  oi  aneurism, 
and  the  thrombus  is  deposited  in  successive  layers  (see  fig 
This  laminated  thrombus  mav  more  or  less  completely  fill  up  the  sac, 
and  i  it  ion  may  take  place.     If  the  aneurismal  sac  is  small,  I 

plete  healing  is  Bometimes  brought  about  by  this  p  i  throml 

and  organisation. 

Miliary  Aneurisms. — These  aneurisms  are  of  the  sacculated  variety, 
are  very  small,  and  may  even  be  microscopic  in  size.  As  already  stated, 
they  are  found  especially  on  the  arteries  of  the  brain  and  of  the  retina. 
They  are  usually  multiple  and  occur  on  arteries  which  shew  arterio- 
sclerotic changes,  and  are  commonly  associated  with  hypertrophy  of 
the  left  ventricle.  Some  of  them  have  been  described  as  dissecting 
aneurisms,  but  this  is  difficult  to  demonstrate  conclusively.  Rupture  oi 
these  minute  aneurisms  is  a  frequent  cause  of  cerebral  haemorrhage.  In 
this  class  of  aneurisms  are  included  minute  bulgings  of  the  middle  and 
inner  coat  or  of  the  inner  coat  alone  through  a  degenerated  outer  coat. 
Some  of  the  minute  aneurisms  on  the  pulmonary  vessels  in  cas< 
phthisis  are  of  this  nature,  as  are  also  the  miliary  aneurisms  desci 
by  Charcot  as  due  to  a  sclerous  periarteritis.  The  lesions  of  polyarteritis 
nodosa  (q.< .  p.  554)  are  generally  of  the  nature  of  minute  aneurisms. 

In  Dissecting  "  Aneurisms  "  resulting  from  degenerative  changes  in, 
or  from  mechanical  injuries  to,  the  intima,  the  blood  in  the  artery 
makes  its  way  between  the  inner  and  middle  coats  or  between  layers  of 
the  middle  coat,  and  burrows,  it  may  be,  for  considerable  distal 
By  rupture  of  the  wall  of  the  vessel,  it  may  eventually  make  its  way 
either  externally,  or  back  into  the  lumen.  These  so-called  aneurisms  are 
most  commonly  found  between  layers  of  the  middle  coat,  and  may  cause 
atrophy  of  the  muscular  tissue.     The  illy  arise  through  the  cracking 

168  of  an   atheromatous   patch,   but  they  also  occur  as  the  result  of 

ulceration  spreading  from  the  aortic  valves  and  involving  the  first  part 

of  the  aorta. 

Sherman  1  has  described  Beveral  cases  In  which,  though  the  patho- 

logicaJ  cham  in  the  middle  coat,  there  was  no  atheroma  or  other 

gross  lesion  in  the  intima.  The  medial  changes  were  fatty  degeneration 
of  the  connective  tissue  closely  apposed  to  the  elastic  lamina,  increase  of 
the  connective  tissue  between  the  lamina1,  hyaline  degeneration  of  this 
connective   tissue,   thinning   or   varicosity   of   tl  rupture 

of  these,  and  sometimes  rupture  of  numerous  adjacent  fibres.  Atrophy 
with  disappearance  of  the  muscle-iibres  occurs  sometr  1»t- 

1  Sherman  and  Harvey   Pine,       rhe  Etiologj   ol    I1  trim,"  Brii. 

Med,  Jour.,  November  v,  1912. 
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able  area  in  the  middle  and  also  in  the  outer  part  of  the  wall.  As  a  result 
of  pressure,  the  intima  is  bulged  into  this  degenerated  part  of  the  media 
and  may  rupture.  The  plane  in  which  the  blood  travels  is  partly 
determined  by  the  site  of  the  degeneration  in  the  middle  coat. 

The  so-called  False  Aneurism  is  really  a  haematoma.    By  traumatism 
or  spontaneous  rupture  of  a  vessel,  the  blood  escapes  into  the  surrounding 


Fig.  265. — Section  through  an  Aneurism  of  the  descending  Aorta,  eroding  the  vertebrae, 
the  bodies  of  which  are  more  affected  than  the  intervertebral  discs  which  are  seen 
projecting  into  the  cavity  of  the  aneurism.  This  has  been  opened  into  from  behind 
by  mesial  section  through  the  spine,  the  two  halves  of  which  have  been  separated 
from  each  other. 

tissues,  where  it  becomes  encapsulated  by  condensation  of  these  tissues, 
or  by  their  inflammatory  or  irritative  prolife ration . 

Sometimes  a  wound  perforates  both  an  artery  and  a  vein,  a 
direct  connection  may  be  established,  and  the  vein  become  markedly 
distended  by  the  blood  which  passes  in  from  the  artery.  Such  a  con- 
dition is  known  as  an  aneurismal  varix.  Again,  the  connection  between 
the  two  may  not  be  direct,  but  may  take  place  by  an  adventitious  sac 
formed  by  a  condensation  of  the  intervening  tissues,  and  to  such  the 
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name  varicose  aneurism  is  applied.  A  varicose  aneurism  may  also  be 
produced  by  a  saccular  aneurism  pressing  upon,  and  eventually  opening 
into  a  vein. 

The  terms  "  Circoid  Aneurism  "  and  "  Anastomotic  Aneurism  "'  are  applied 
to  conditions  where  there  is  a  mass  composed  of  dilated  and  thickened  vessels 
in  the  subcutaneous  tissues.  There  is  no  aneurismal  dilatation  in  these  cases, 
and  the  term  "  aneurism  "  in  connection  with  them  is  wholly  misapplied. 

Conditions  associated  with,  and  Terminations  of,  Aneurisms.— The 
general  tendency  of  aneurisms  is  to  enlarge  progressively — the  surrounding 
tissues  being  pushed  aside  or  absorbed  as  a  result  of  the  pressure.  The 
enlargement  is  not  always  in  the  direction  of  what  appears  to  be  the 
line  of  least  resistance.  Thus,  an  aneurism  of  the  thoracic  or  abdominal 
aorta  may  enlarge  posteriorly  and  cause  erosion  of  the  vertebral  bodies, 
even  coming  to  press  on  the  spinal  cord.  In  this  erosion,  the  inter- 
vertebral discs  do  not  suffer  to  such  a  degree  as  the  vertebrae  themselves, 
and  may  be  seen  projecting  beyond  the  surface  of  the  eroded  bones 
(see  fig.  265).  Enlargement  may,  however,  take  place  in  any  direction, 
and  thus  important  structures  may  be  pressed  upon  and  their  function 
interfered  with,  or  they  may  even  be  completely  destroyed.  An  aneurism 
of  the  thoracic  aorta  may  press  on  and  erode  the  sternum;  may  cause 
compression  of  the  trachea  or  bronchi,  and  thus  produce  collapse  of  the 
lungs ;  may  compress  and  open  into  some  of  the  larger  veins ;  or  may 
cause  laryngeal  paralysis  by  pressure  on  the  left  recurrent  laryngeal 
nerve. 

Hypertrophy  of  the  left  ventricle  is  frequently  described  as  occurring 
in  cases  of  aneurismal  dilatation;  but,  in  our  experience,  it  is  not  usual, 
unless  there  is  some  associated  narrowing  or  dilatation  of  the  aortic 
orifice,  or  the  presence  of  some  independent  cause  of  hypertrophy,  e.g. 
Bright 's  disease. 

Spontaneous  cure  by  thrombosis  and  organisation  is  rare.  Rupture 
may  occur  in  any  situation  or  into  any  adjoining  cavity,  organ,  or  tissue. 
Aneurisms  of  the  thoracic  aorta  may  burst  into  the  pericardial  or  pleural 
sacs,  into  the  trachea  or  bronchi,  into  the  oesophagus,  the  vena  cava, 
the  mediastinum,  or,  much  more  rarely,  externally,  after  the  skin  has 
become  stretched  and  eroded. 

(C)   DISEASES   OF  VEINS 

DILATATION  AND  VARICOSITY.— The  veins  possess  a  great  capacity 
for  dilatation,  and,  therefore,  any  mechanical  obstruction  to  the  circulation 
or  any  weakness  of  the  walls  of  the  veins  may  give  rise  to  very  great 
enlargement.  The  obstruction  in  one  vein  leads  to  obstruction  and  dis- 
tension of  its  tributaries.  Accompanying  the  dilatation,  if  not  merely 
transitory,  there  is  also  elongation  of  the  vessels,  which,  in  consequence, 
are  thrown  into  folds  and  become  varicose. 
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Causation. — Mechanical  causes  are,  perhaps,  the  most  important. 
Thus,  if  there  is  obstruction  to  the  portal 
circulation  by  tumours,  by  cirrhosis  of  the 
liver,  or  by  other  causes,  great  distension 
and  varicosity  of  the  veins  of  the  rectum  and 
of  those  at  the  lower  end  of  the  oesophagus 
may  occur.  Pressure,  due  to  tumours, 
repeated  pregnancies,  etc.,  upon  the  veins 
returning  blood  from  the  lower  limbs,  may 
give  rise  to  varicosity  of  the  veins  of  the 
lower  limbs.  These  causes  are  in  them- 
selves sufficient  to  produce  this  condition ; 
but  they  are,  no  doubt,  aided  by  weakening 
of  the  walls  of  the  vessels,  absence  or 
diminution  of  the  external  support  of  the 
surrounding  tissues,  and  cardiac  conditions 
in  which  the  circulation  is  greatly  impeded. 
Gravity  plays  some  part  in  the  process,  as 
is  evidenced  by  the  frequent  occurrence  of 
varicose  veins  in  the  legs  of  those  whose 
occupation  demands  a  great  amount  of 
standing. 

Pathological  Anatomy. — The  dilatation 
and  varicosity  of  the  veins  are  accompanied 
by  thickening  of  their  walls,  and  usually  by 
incompetence  of  the  valves — this  incompet- 
ence increasing  the  dilatation  and  the  vari- 
cosity. The  thickening  of  the  walls  of  the 
veins  is  especially  marked  in  the  inner  coat, 
which  sometimes  becomes  calcified.  Degen- 
erative changes  take  place  in  the  muscular 
coat,  and  calcification  may  also  occur  in  it. 
The  outer  coat  may  shew  proliferative 
changes.  Thrombosis  is  very  liable  to  occur  in 
the  dilated  veins .  Such  thrombi  may  undergo 
organisation,  or  they  may  become  calcified, 
forming  phleboliths  or  "  vein-stones " ;  or 
they  may  become  detached,  in  whole  or  in 
part,  and  give  rise  to  embolism.  The  separa- 
tion of  the  thrombi,  with  the  formation  of 
emboli,  is  more  likely  to  occur  in  cases  in 
which  septic  infection,  with  consequent 
softening,  takes  place.  The  tissue  round 
the  diseased  veins  may  shew  chronic  inflammatory  changes.  Thus  are 
to  be  explained  the  chronic  eczematous  condition  of  the  skin  and  the 

36 


Fig.  266.— Thrombosis  in  the 
Iliac  and  Femoral  Veins. 
Adhesion  and  partial  organ- 
isation of  the  thrombus 
towards  the  upper  part. 
(Edinburgh  University  Ana- 
tomical Museum.  Catalogue 
No.,  Cir.  H.  a.  3.) 
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thickening  of  the  subcutaneous  tissue  so  frequently  associated  with 
varicose  veins.    On  the  other  hand,  the  pi  l  the  dilated  v< 

often  causes  atrophy  of  the  surrounding  pails.  Ulceration  of  the 
superjacent  skin  and  other  tissues  may  occur,  and  old 
are  usually  very  indolent  and  persist  for  years.  The  vein  may 
rupture  or  may  be  opened  into  by  the  ulceration,  and  thus  serious 
haemorrhage  be  produced.  This  haemorrhage,  by  rupture,  is  perhaps 
commonest  from  the  varicose  veins — haemorrhoids — of  the  lower  i 
of  the  rectum:  or  from  those  at  the  lower  end  of  the  oesophagus  in 
cases  of  cirrhosis  of  the  liver. 

Situations  in  which  varicose  veins  most  commonly  occur  :— 

1.  The  veins  of  the  lower  limbs. 

2.  The  veins  of  the  lower  part  of  the  rectum,  immediately  under  the 
mucous  membrane.  These  veins  communicate  with  the  inferior  mesen- 
teric vein — a  tributary  of  the  portal  vein — and  with  the  internal  iliac — 
a  tributary  of  the  vena  cava.  Thus,  any  obstruction  to  the  portal  circu- 
lation or  any  abnormal  pressure  in  the  intestines  or  in  the  abdominal 
cavity  may  cause  dilatation  of  the  venous  plexus.  The  veins  become 
varicose,  and  bluish  knots,  varying  in  size,  are  seen  pushing  the  mucous 
membrane  before  them.  These  haemorrhoids  or  piles  may  rupture ; 
thrombus  formation  may  take  place  in  them;  and  chronic  inflammatory 
changes  may  occur  around  them. 

3.  The  veins  of  the  spermatic  cord.— Dilatation  and  varicosity  of 
these — varicocele — occur  especially  on  the  left  side,  due  no  doubt  to  the 
circuitous  course  of  the  left  spermatic  vein.  It  has  been  stated  that 
this  condition  causes  atrophy  of  the  testicle,  and  that  it  may  give  rise 
to  hydrocele  or  haematocele. 

4.  The  veins  of  the  neck  of  the  bladder  and  prostate  in  the  male,  and 
of  the  vagina  and  broad  ligament  in  the  female ;  and  those  of  the  dura 
mater  and  of  the  lower  end  of  the  oesophagus,  may  be  the  seat  of  varices. 

INFLAMMATION. — This  condition  frequently  occurs  in  veins  which 
are  dilated  and  varicose.  It  may  spread  from  neighbouring  inflamma- 
tions, resulting  from  infected  wounds,  erysipelas,  etc.,  as  in  the  thrombo- 
sis of  the  lateral  sinus,  secondary  to  suppurative  middle  ear  disi 
Microscopically,  in  such  acute  cases  as  arise  by  spread  from  neighbouring 
inflammatory  areas,  there  is  found  an  invasion  of  the  various  coats 
of  the  vein  by  inflammatory  cells.  Thromb<»is  frequently  occurs,  and 
the  thrombi  thus  formed  may  become  infected,  and  may  soften,  break 
down,  and  form  emboli.    In  a  second  group  of  the  inflammation 

starts  from  within,  and  is  most  commonly  the  result  of  septic  infection. 
Septic  matter  is  introduced  into  the  vein  and  induces  thrombosis. 
This  septic   thrombus,   however   produced.  irritant  to  the 

inner  coat  of  the  vessel,  and  causes  an  exudation  of  leucocytes,  which 
infiltrate  the  vnrious  coats  of  the  vessel — the  thrombus  eventually  breaking 
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down,  and  the  vessel  becoming  filled  with  a  purulent  material.  This 
septic  exudate,  which  is  distributed  by  the  blood-stream  and  becomes 
lodged  in  various  situations,  causes  multiple  abscess -formation,  and  is 
liable  to  produce  all  the  phenomena  of  pyaemia.  Non-septic  phlebitis  is 
said  to  occur.  It  is  always  associated  with  thrombosis,  and  has  been 
called  "  thrombo-phlebitis."  It  may  arise  as  a  result  of  injury  to  the 
vessel-wall.  The  thrombus  formed  undergoes  organisation,  in  whole 
or  in  part,  and  may  become  calcified,  or  be  partially  absorbed,  leaving  a 
thickening  of  the  wall  of  the  vein,  especially  of  its  inner  coat.  There 
may,  however,  be,  in  addition,  some  proliferation  of  the  connective-tissue 
cells  of  the  media.  A  similar  condition  which  has  been  called  "  phlebo- 
sclerosis  "  is  said  to  occur  in  cases  of  syphilis  and  gout. 

THROMBOSIS  IN  VEINS  is  fully  dealt  with  on  p.  142. 

DEGENERATIONS.— Fatty  and  Waxy  or  Amyloid  degenerations  are 
not  uncommon,  but  the  changes  in  the  veins  due  to  these  conditions 
have  been  described  in  Chapter  II. 

Reference  has  already  been  made  to  Calcification. 

GRANULOMATA. — Tuberculous  disease  in  any  organ  may  spread  so 
as  to  involve  the  veins,  and,  by  destruction  of  their  walls,  the  tuber- 
culous material  reaches,  and  is  distributed  by,  the  blood-stream,  giving 
rise  to  a  general  tuberculosis. 

Syphilis  produces,  as  a  rule,  much  less  evident  results  in  veins  than 
in  arteries.  Definitely  marked  histological  changes  in  the  veins  are 
uncommon,  but  gummatous  infiltration  and  syphilitic  endo-phlebitis  are 
described,  as  is  also  the  condition  of  syphilitic  peri-phlebitis,  which  is 
occasionally  nodose  in  its  distribution. 

TUMOURS. — Tumours  of  various  kinds  involve  secondarily  the 
walls  of  the  veins,  and  may  spread  along  their  lumen.  Of  primary 
tumours,  myomata  and  sarcomata  have  been  described,  but  they  are 
rare. 


CHAPTER  XV 

DISEASES   OF  THE   BLOOD   AND   BLOOD-FORMING 

ORGANS 

INTRODUCTORY.— Before  passing  to  the  systematic  description  of  the 
diseases  of  the  blood  and  blood-forming  tissues,  it  may  be  well  to  give  a 
short  resume  of  the  composition  of  the  blood  in  health,  and  also  of  our 
present  knowledge  with  regard  to  the  origin  and  development  of  the  formed 
elements  in  the  haemopoietic  or  blood-forming  tissues,  such  as  the  bone- 
marrow  and  the  lymphatic  glands.  In  the  past,  attention  has  been  devoted 
chiefly  to  the  morphological  characters  of  the  formed  elements  of  the  blood 
— the  different  varieties  of  leucocytes,  normal  and  abnormal,  their  total 
and  their  relative  numbers,  and  the  degenerative  and  other  changes 
occurring  in  them  :  the  number,  size,  shape,  and  contents  of  the  red 
corpuscles:  the  number  of  blood-platelets  present,  and  similar  phenomena. 
Recently,  much  work  has  been  done  in  connection  with  the  physics  and 
chemistry  of  the  blood,  and  also  with  regard  to  its  bacteriology  and 
parasitology.  The  most  remarkable  recent  advances  have  been  the 
discovery  of  certain  apparently  specific  substances  which  are  either  nor- 
mally present  in  the  blood,  or  are  developed  in  it  as  the  result  of  disease — 
natural  or  experimental — and  which  are  known  as  hemolysins,  agglutinins, 
precipitins,  coagulins,  opsonins,  bacteriolysins,  etc.  The  chemistry  and 
nature  of  these  bodies  are  still  but  little  understood,  and  their  presence 
can  be  determined  only  by  certain  delicate  bio-chemical  and  other  t 
which  are  as  yet  more  or  less  empirical  in  their  results.  A  more  detailed 
account  of  some  of  these  substances  and  their  reactions  will  be  found  in 
the  chapter  on  Immunity  (p.  150). 

THE  TOTAL  VOLUME  OF  THE  CIRCULATING  BLOOD.— The  older 
estimate  that,  in  man.  t  be  total  amount  of  blood  was  about  one-thirteenth 
of  the  body  weight,  has.  by  more  recent  scientific  methods,  been  found 
to  be  somewhat  excessive.  Qaldane  and  Lorrain  Snrith  estimate  the 
average  amount  to  be  4'78  per  cent.,  or  about  a  twentieth  (with  a  variation 
of  from  about  a  thirtieth  to  i  nth),     11  the  total  fluid  bulk  of  the 

blood  is  artificially  increased  or  diminished,  rapid  readjustment  as  regards 
volume  takes  place. 
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PLATE   XIV 

Fig.   1. — Film   of   Normal  Blood   (stained  with  hcematin  and    cosin).       The    rod    blood- 
corpuscles  are  regular  in  outline  and  in  size. 
a.a. — Polymorphonuclear  leucocytes. 
b. — Eosinophil  leucocyte, 
c. — Small  lymphocyte. 
d. — Largo  hyaline  leucocyte. 
e. — Blood -platelets. 

Fig.  2. — Blood-Film  jrom  a  case  of  Neutrophil  Polymorphonuclear  Leucocytosis  (stained 
with  eosin  and  methylene-blue). 
a. a. — -Polymorphonuclear  leucocytes. 
b. — Medium-sized  lymphocyte. 

The  rod  corpuscles  do  not  exhibit  any  obvious  changes.  x  500 

Fig.  3. — Blood-Film  from  a  case  of  Myelocythcemia  (stained  with  Jonner's  stain). 
a.a. — Adult  polymorphonuclear  neutrophil  leucocytes. 
b.b. — Immature  polymorphonuclear  neutrophil  leucocytes. 
c.c. — Intermediate  neutrophil  myelocytes. 
d.d  . — Small  neutrophil  myelocytes. 
e.e  — Large  neutrophil  myelocytes. 
/• — Non-granular  mononuclear  coll,  possibly  a  pre-myelocyte  or  parent-cell  of 
the  granular  myelocyte. 
g.g. — Eosinophil  myelocytes. 
h.h. — Mast-colls. 

i. — Small  lymphocyte. 
k. — Large  lymphocyte. 
/./.—Normoblasts,    '  X  500 

Fia.  4. — Blood-Film  from  a  case  of  Lymphocythcemia  (stained  with  Irishman's  stain). 
a. — Polymorphonuclear  leucocyte. 
b.b.— Small  .     .     .    | 
b'.b'. — Medium-sized  -Lymphocyte-like  cells.     {See  p.  610.) 
b".b". — Largo  ...    J 
c. — Normoblast. 
c'. — Normoblast  with  fragmented  nucleus.  X500 
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I.   CONDITIONS   OF  THE  PLASMA   AND   OF  THE  BLOOD 

AS    A    WHOLE 

The  CHEMISTRY  of  the  blood  is  extremely  complex,  and  little  is  yet 
known  of  the  ultimate  nature  of  many  of  its  constituents.  In  the  blood- 
plasma,  liquor  sanguinis,  or  fluid  portion  of  the  blood,  are  dissolved  or 
suspended — in  addition  to  innumerable  other  substances — the  nutrient 
material  which  it  conveys  to  the  tissues,  and  the  various  waste-products 
which  arise  during  metabolism,  and  which  are  carried  to  certain  organs  to 
be  destroyed  or  excreted.  Similarly,  the  "  internal  secretions  "  elaborated 
by  various  organs  and  tissues  are  distributed  by  the  blood  and  lymph, 
through  the  agency  of  which  they  act  upon  the  various  structures  of  the 
body. 

The  blood  is  thus  constantly  changing  in  its  composition.  The 
relative  amount  of  fluid  and  the  absolute  and  relative  numbers  of  the 
formed  elements  vary  considerably,  not  only  in  different  individuals,  but 
also  from  time  to  time  in  the  same  individual  and  in  different  organs  and 
tissues  of  the  body. 

Thus,  in  the  interpretation  of  observations  upon  the  blood,  many 
considerations  have  to  be  borne  in  mind.  These  are  well  summarised  by 
Ewing  1 — who  also  adds  that :  "  the  examination  having  been  performed, 
its  results  are  to  be  interpreted  only  in  the  light  of  the  fullest  possible 
clinical  information  " — as  follows  : — 

"  1.  There  are  considerable  physiological  variations  in  the  volume  and 
composition  of  the  blood,  according  to  the  constitution  of  the  individual 
(plethora),  and  the  degree  of  muscular  development.  Here  may  be  classed 
the  variation  between  the  sexes  and  between  the  different  periods  of  life. 
Such  variations  are  permanent,  but  usually  not  of  extreme  grade. 

"  2.  There  is  a  great  variety  of  physiological  conditions  producing  marked 
but  transitory  changes  in  the  blood,  such  as  active  digestion,  muscular  exertion, 
the  ingestion  of  fluids,  profuse  perspiration,  temporary  cyanosis,  etc. 

"  3.  The  nervous  system  has  a  very  striking  temporary  influence  on  the 
quality  of  the  blood  in  local  or  general  areas,  acting  through  the  cerebral 
(psychical)  or  medullary  centres,  or  through  local  vasomotor  nerves. 

"  4.  Various  local  influences  may  greatly  change  the  quality  of  the  blood- 
specimen,  as  seen  in  the  local  and  transient  effects  of  cold,  heat,  massage,  and 
electricity. 

"  5.  Many  therapeutical  procedures  may  temporarily  alter  the  blood, 
as  the  aspiration  of  fluids,  administration  of  diaphoretics,  purges,  vasodilators 
(amyl  nitrite),  vasoconstrictors,  etc. 

"  6.  Various  pathological  conditions  may  partly  or  completely  obscure 
the  real  status  of  the  blood,  as  the  sweats  of  phthisis  ;  the  diarrhoea  of  typhoid 
fever,  dysentery,  and  cholera ;  general  cyanosis  or  local  stasis ;  the  increased 
arterial  tension  of  uremia;  the  polyuria  of  diabetes  and  nephritis;  ante- 
mortem  cardiac  failure,  etc." 

The  blood  contains  from  rather  more  than  one-third  to  one-half  its 
weight  of  corpuscles,  and  from  20  to  25  per  cent,  solids.     The  Elood- 

1  Ewing,  Clinical  Pathology  of  the  Blood,  2nd  edition,  Kimpton,  London,  1004. 
p.  20. 
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plasmais  resolved,  on  coagulation,  into  Serum  and  Fibrin,  the  latter  forming 
only  from  0*2  to  (M  percent,  of  the  total  weight  of  the  blood.  The  serum 
contains  8  to  9  per  cent,  solids,  of  which  7  to  8  per  cei  I  proteins 

and  about  1  per  cent .  of  salts.    The  protein-content  of  the  serum 
chiefly  of  the  two  scries  of  ooagulable  proteins,  the  serum-albumins  and 
the  serum-globulins,  the  total  amount  of  which,  as  a  rule,  remains  i. 
or  less  constant,  and  is  about  8  per  cent,  by  weight  of  normal  scrum. 
The  ratio  of  these  substances  to  one  another,  however,  vai  rideraMy 

both  in  health  and  in  disease,  but  further  observations  are  required  before 
any  definite  rale  can  be  laid  down  with  regard  to  these  variations.  This 
ratio  is  known  as  the  M  protein-quotient."  It  varies  in  different  animals, 
but,  in  the  same  animal,  it  is  almost  constant  in  the  blood,  serum,  lymph, 
and  serous  transudates,  though  the  total  protein-content  of  these  fluids 
may  be  very  different.  The  globulin-fraction  of  the  serum-proteins  is 
again  divisible  into  two  farther  fractions  :  euglobulin,  which  can  be 
precipitated  by  dialysis  :  and  pseudoglobulin,  which  is  not  so  precipitable, 
but  is  thrown  down  on  half-saturation  with  ammonium  sulphate.  Serum- 
globulin  molecules  are  of  large  size  and  will  not  pass  through  a  porcelain 
filter.  They  are  probably  of  importance  in  relation  to  various  "  adsorp- 
tion "  phenomena  discussed  in  the  chapter  on  Immunity  (p.  450).  The 
albumin-content  of  the  serum  is  said  to  be  considerably  diminished  in 
re  antennas  and  in  cases  of  dropsy. 

Traces  of  numerous  nitrogen-containing  substances  such  as  urea 
15  to  40  mgrs.  per  loo  c.c.).1  uric  acid,  etc.,  are  present  in  the  blood  and 
may  be  slightly  increased  in  acute  fevers,  uraemia,  leucocvtha?mia,  etc. 

Glucose  (about   0*1   per  cent.)1  in  very  small  quantity  is  normally 
present,  and  has  been  found  to  be  increased  in  cases  of  diabetes,  in  which 

i mount  varies  greatly  [see  p.  830  et  seq.).     Hyperglycaemia  (to  the 

•it  of  01  to  0*5  per  cent.)  and  glycosuria  follow  the  experimental 

excision  of  the  pancreas  in  animals — whether  the  animals  are  starved  or 

fed  upon  a  protein  or  protein-and-fat  diet — owing  to  loss  of  the  secretion 

of  the  islets  of  Langerhans. 

Glycogen  in  t ho  plasma  and  in  the  leuo  demonstrated 

microscopically  by  its  brown  Btaining-reaction  with  iodine.  In  finely 
granular  form,  it  is  normally  present  in  the  plasma;  whilst  it  is  also 
found.  Bometimefl  in  large  amount,  in  the  lew  rticularly  the 

neutrophil   polymorphonuclears   (glycogenic   reaction   or   iodophilia),   in 

tain  pathological  Conditions^  notably  in  cases  of  fever,  leucocvtlneiiiia. 
and  in  certain  toxemic  conditions,  especially  in  septiea-inias.  and  in  tCOte 

inflammatory  and  suppurative  diseases.    In  tuberculosis,  t! 

reaction  of  the  '  said  to  occur  only  if  tl  BOppQWl 

complications;    and  in  diabetes,  only  if  coma,  suppuration,  or  gangrene 

1  For  further  information  on  the  amount  ami  variations  of  urea  and  -i. 
the  blood,  see  M  i  I-  .in' -  M 

1921  ,  and  D  ;  '-'- 
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supervene — though,  in  diabetes  itself,  the  extracellular  glycogen  in  the 
blood-plasma  is  usually  increased. 

Fatty  Substances. — These  vary  considerably  in  amount  in  different 
individuals,  and  also  with  the  quantity  of  fat  ingested  and  absorbed. 
Lipsemia,  or  abnormal  increase  of  fat  in  the  blood,  may  occur  in  certain 
cases  of  diabetes.  Such  blood,  when  freshly  drawn,  shews  a  milky 
pinkish  colour,  and,  on  standing,  separates  into  various  strata,  the  super- 
natant fatty  layer  often  being  of  very  considerable  thickness.  In  certain 
cases  in  which  the  oxidative  capacity  of  the  body  for  fats  is  inadequate, 
as  the  result  either  of  disease  or  overstrain  of  the  fat-oxidising  powers, 
e.g.  in  the  acute  acidosis  in  the  terminal  stages  of  diabetes,  acetonuria 
occurs.  The  acetone,  and  the  /?-oxybutyric  and  diacetic  acids  also  occurring 
in  the  urine  in  such  cases,  were  formerly  thought  to  be  derived  from  the 
carbohydrates  of  the  food  or  from  sugar  abnormally  produced  in  the  body. 
In  many  cases,  however,  the  acidosis  is  induced  by  the  carbohydrate - 
starvation  employed  in  the  treatment  of  such  patients,  and  these  acids 
are  derived  from  the  fats,  and  perhaps  also  from  the  proteins,  of  the  body 
and  food.  A  similar  result  is  obtained  on  giving  an  exclusively  or  exces- 
sively fatty  diet  in  health.  The  partially  oxidised  fatty  acids,  /?-oxy- 
butyric  and  diacetic  acids,  accumulate  in  large  quantities  in  the  blood  and 
are  excreted  in  the  urine,  chiefly  as  acetone,  though  the  acids  themselves 
may  also  be  found.  "  Acetonemia,"  or,  perhaps  more  accurately,  acidosis, 
and  acetonuria  may  be  present,  particularly  in  children,  in  delayed 
chloroform-poisoning,  in  some  cases  of  peritonitis,  and  in  certain  febrile 
attacks  of  unknown  origin — sometimes  occurring  as  epidemics — which 
may  be  recurrent  in  the  individual  cases  affected. 

Bile-acids,  bile-pigment,  and  also,  it  is  said,  cholesterol,  are  present  in 
considerable  amounts  in  cholaemia  or  jaundice  (see  p.  79). 

Various  inorganic  salts,  such  as  phosphates,  chlorides,  carbonates,  and 
sulphates,  are  normally  present  in  the  blood-serum.  Of  these,  sodium 
phosphate  and  chloride  are  present  in  greatest  amount.  Variations  in 
these  do  not  appear  to  be  very  marked  in  disease. 

PHYSICAL  CHARACTERS  OF  THE  SERUM.— The  pale-yellow  or 
slightly  greenish-yellow  tinge  of  the  serum  is  due  to  the  presence  of  certain 
fatty  pigments  or  lipochromes.  In  acute  toxic  diseases  characterised  by 
marked  blood-destruction,  the  blood-serum  may  present  a  reddish  tint, 
due  to  the  presence  of  haemoglobin  extra vasated  from  the  injured  red 
corpuscles.  This  is,  however,  as  a  rule,  only  slight  in  amount,  and,  in 
such  toxic  conditions,  the  colour  is  more  usually  orange-red  from  the 
presence  of  bilirubin. 

The  specific  gravity  of  the  serum  varies,  in  a  state  of  health,  from  1025 
to  1-030;  that  of  the  blood  as  a  whole  from  1050  to  l'OGO.1    The  variations 

1  Lloyd  Jones  states  that,  in  childhood,  the  speeilic  gravity  of  t lie  whole  blood 
is  1*050,  gradually  increasing  until,  at  seventeen,  it  Ifl  1*068  in  the  male  and  1*0656 
in  the  female.  Thereafter  it  continues  to  increase  in  the  male:  where*!  in  the 
female  it  may  diminish  again  during  the  establishment  of  menstruation,  hut  in- 
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are  due  to  changes  in  the  proportional  amount  of  fluid,  and  also,  but  to  a 
less  extent,  in  the  relative  amount  of  solids,  mora  especially  of  salts, 
present.  It  is,  naturally,  lower  after  the  absorption  of  much  liquid  into 
the  blood,  and  higher  after  sweating,  diarrhoea,  etc.  In  anaemias,  the 
specific  gravity  of  the  blood  as  a  whole  is  lowered,  usually  in  direct  propor- 
tion to  the  diminution  in  the  amount  of  haemoglobin. 

Osmotic  tension.— When  the  osmotic  tension  of  the  salts  in  the  plasma 
is  normal,  the  haemoglobin  in  the  red  corpuscles  is  retained  within  them  ; 
but,  if  this  relationship  is  sufficiently  altered  by  the  addition  of  water,  the 
corpuscles  become  "laked,"  i.e.  the  haemoglobin  passes  out  into  the 
plasma.  In  terms  of  the  strength  of  a  solution  of  common  salt,  the  osmotic 
tension  of  the  blood-plasma  is  about  0*9  per  cent. 

Alkalinity. — The  relative  degree  of  alkalinity  of  the  blood  is  due  to 
the  presence  of  carbonates  and  other  salts.  No  very  constant  results 
have,  as  yet,  been  obtained  in  the  estimation  of  the  alkalinity  of  the  blood, 
that  of  the  plasma,  and  that  of  laked  blood — i.  e.  the  whole  blood  in  which 
the  contents  of  the  corpuscles  have  been  freed — differing  considerably  from 
one  another.  The  method  devised  by  Wright  is  the  one  now  most  com- 
monly adopted  for  estimating  the  alkalinity,  but  it  still  remains  to  be 
seen  whether  the  results  of  such  observations  are  of  much  clinical  value. 

Coagulability. — The  investigation  of  the  coagulability  of  the  blood  is  a 
point  of  considerable  importance  in  connection  with  the  various  "  bleed- 
ing "  diseases,  such  as  scurvy,  purpura  haemorrhagica,  the  so-called  haemo- 
rrhagic  diathesis,  etc.  In  these  conditions,  coagulation  may  be  indefinitely 
delayed;  and  it  may  also  be  delayed  in  the  acute  infective  fevers,  in  some 
of  the  anaemias,  and  in  cases  of  jaundice.  The  coagulability  may  be 
estimated  by  the  length  of  time  taken  for  drawn  blood  to  coagulate  in  a 
series  of  capillary  pipettes  (Wright's  method),  or  by  breaking  across,  at 
definite  time  intervals,  a  capillary  tube  of  sufficient  length  filled  with  blood . 
and  observing  t  he  t  [me  taken  for  a  clot  to  form,  as  suggested  by  M'Gowan. 
Addis  1  is  of  opinion  that  the  cause  of  the  delay  in  the  coagulation  of 
haemophilic  blood  is  a  qualitative  defect  in  the  prothrombin  (see  p.  6! 
The  coagulability  of  the  blood  tends  to  be  increased  in  pnenmoco 
infections,  intracardiac  thrombosis  being  an  important  complication, 
especially  in  acute  lobar  pneumonia.  An  increased  liability  to 
thrombosis  is  also  described  in  chlorotic  anaemias,  The  general  sub 
of  Thrombosis  is  discussed  in  Chapter  V,  p.  137. 

The  Freezing-point  of  the  Blood  has  been  investigated,  more  especially 

in  connection  with  its  relationship  to  that  of  the  urine,  in  diseases  of  the 

kidneys,  tin-  freezing-point   being  Lowered    by  the  presence  of  gr< 

creases  again  after  twenty  live,  at  which  age  it  i<  1*065  oi  lo: 

normally  a  fall  in  the  female  aft.  v  pal  '  importance  in  the  consideration 

of  the  age-incidence  of  chlorosis  (see  p.  017). 

1  Addis,  "The  Pathogenesis  of  Eieredii  Uh,  tmd  Bad., 

vol.  xv.,  No.  4,  1011,  P.  427. 


DISEASES    OF    BLOOD    AND    BLOOD-FORMING    ORGANS    571 


quantities  of  dissolved  salts,  etc.,  and  vice  versa.    The  process  of  testing 
the  freezing-point  is  known  as  "  Cryoscopy." 

Various  Ferments,  oxidising,  fat -splitting,  glycolytic,  etc.,  are  described 
as  occurring  in  the  blood. 

A  subject  upon  which  a  considerable  amount  of  work  has  recently  been 
done,  especially  in  America,  is  the  existence  of  several — probably  four — 
u  types'*  of  human  blood,  a  knowledge  of  which  is  of  great  importance  to 
surgeons  and  others  who  may  be  called  upon  to  perform  the  operation  of 
transfusion  of  human  blood  for  the  treatment  of  cases  of  haemorrhage,  per- 
nicious anaemia,  haemophilia,  septicaemia,  etc.  Quite  apart  from  the  risk 
of  transmitting  such  diseases  as  syphilis,  malaria,  etc.,  it  has  been  found  by 
experience  that  serious,  and  sometimes  even  fatal,  results  may  follow  the 
intravenous  injection  of  an  "incompatible"  blood — vomiting,  dyspnoea, 
urticarial  skin-eruptions,  rapid  feeble  pulse,  and,  perhaps,  convulsions  or 
coma,  and  even,  in  some  cases,  death,  supervening.  In  order  to  minimise 
these  risks,  tests  should  always  be  carried  out  to  ascertain  whether  the 
donor's  blood  will  not  (a)  agglutinate,  and  (b)  haemolyse  the  red  corpuscles 
of  the  patient — the  two  phenomena  usually  running  parallel  with  one  another. 

Moss  *  states  that  there  are  probably  four  such  types,  the  suitability  of 
which  for  transfusion  he  gives  as  follows  : — ■ 


Donor. 

Percentage 
Frequency. 

Suitable  if  Patient  belongs  to : — 

Group  I 
„      II 
„     HI 

„    iv 

5 
40 
10 
45 

Group  I. 
»        I,  II. 
„        I,  HI. 

I,  II,  III,  or  IV. 

For  determining  these  reactions,  Vincent  2  has  described  a  simple  agglutin- 
ation-test, for  the  details  of  which  the  reader  is  referred  to  his  original  paper, 
or  to  a  valuable  review  of  the  subject  by  Rendle  Short.3  The  subject  may 
prove  of  importance  in  certain  medico-legal  cases  dealing  with  blood-stains, 
and  perhaps  also  in  paternity  cases.4 

The  Presence  of  Bacteria  in  the  Blood,  e.g.  in  typhoid  and  para- 
typhoid fevers,  streptococcal,  and  other  septicaemias,  pneumonia,  etc.,  can 
best  be  demonstrated  by  methods  of  culture.  Sufficient  blood — usually 
5  or  10  cubic  centimetres  or  more — is  withdrawn  from  a  vein,  added 
to  some  suitable  culture-medium  in  sufficient  dilution,  incubated,  sub- 
cultured  if  necessary,  and  examined. 

The  Presence  of  Animal  Parasites,  e.g.  protozoa,  worms,  etc.,  is  dealt 
with  in  the  Chapter  on  Parasites,  p.  346.  (See  under  Malaria,  Trypano- 
somes,  Filaria,  etc.) 

Foreign  material  of  extraneous  origin  is  often  found  when  examining  blood 
under  the  microscope.  Particles  of  dirt,  squamous  epithelial  cells,  bacteria 
and  other  organisms  from  the  skin,  etc.,  must  therefore  be  carefully  differen- 
tiated from  true  pathological  material  present  in  the  circulating  blood. 

1  Moss,  Med.  Bull..  May.  1918,  p.  516. 

2  Vincent,  Jour.  Amer.  Med.  Assoc.  L918,  i.  p.  1219. 

3  Rendle  Short,  "  BloodTransfusinn.     Med.  Annual.  Wright  A  Sons.  Bristol,  1919. 

4  SeeLancet,  Dec.  10,  1922,  p.  1271.  and  .May  :;.  1924,  p.  913. 
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11.  VARIATIONS  IN  THE  FORMED  CONSTITUENTS  OF  THE 
BLOOD,  i.e.  the  Red  Blood-Corpuscles,  Leucocytes,  and  Blood-Platelets. 

A.  ERYTHROCYTES  OR  RED   BLOOD-CORPUSCLES 

These  are  minute,  circular,  bi-ooncave,  disc-like  bodies,  which  contain 

the  haemoglobin  or  red  colouring  matter  of  tin*  blood.     In  fchi  tate, 

they  are  extremely  elastic,  and  are  capable  of  rapidly  retaining  to  tln-ir 

normal  shape,  even  after  great  distortion.  Except  in  foetal  life  and  just 
immediately  after  birth,  they  are,  in  health,  devoid  of  nuclei  when  they 
enter  the  circulating  blood  from  the  bone-marrow,  where  alone,  during 
extra-uterine  life,  they  are  formed.  They  measure  about  To  to  85 //in 
diameter.  In  the  adult  healthy  male,  they  number  about  five-and-a-half  to 
six  millions  per  cubic  millimetre,  and  about  half  a  million  less  per  c.mm.  in 
the  female.  This  number  is  increased  in  plethora,  erythraemia  or 
polycythaemia  rubra,  and  diminished  in  anaemia  or  oligocythaemia  rubra. 
In  estimating  the  value  of  observations  upon  the  number  of  red 
corpuscles  present,  possible  temporary  variations  in  the  amount  of  the 
fluid  constituents  of  the  blood  must  be  borne  in  mind.  The 
haemoglobin-content  may  be  estimated  as  so  much  per  cent,  of  that  in 
health  in  the  blood  as  a  whole,  or  as  so  much  per  corpuscle — in  the  latter 
case,  the  normal  colour-  or  haemoglobin-index  being  taken  as  unity. 

Formation  of  Rouleaux. — In  normal  blood,  after  it  is  shed,  the  dis- 
like red  corpuscles  tend  to  run  together,  and  adhere  to  one  another  by 
their  flat  surfaces,  forming  rouleaux.  In  some  pathological  conditions,  e.  g. 
the  anaemias,  this  tendency  may  be  only  slight,  or  even  entirely  absent. 

Variations  in  the  Size  (Anisocytosis)  of  the  erythrocytes  may  occur  in 
disease,  abnormally  large  corpuscles  being  known  as  megalocytes,  those 
which  are  diminished  in  size  being  termed  microcytes,  and  those  of  normal 
dimensions,  normocytes.  Red  cells  of  corresponding  dimensions  which 
still  retain  their  nuclei  are  known  respectively  as  megaloblasts,  micro- 
blasts,  and  normoblasts.  Certain  red  corpuscles  of  exceptionally  1 
size,  and  found  especially  in  pernicious  anaemia,  are  known  as  giganto- 
cytes,  or,  if  still  nucleated,  as  gigantoblasts. 

Normoblasts,  or  nucleated  red  corpuscles  of  normal  size,  are  found 
physiologically  in  the  formative  or  red  bone-marrow.     From  this,  under 

ordinary  cucan  hould  pass  into  the  general  circulation 

only  after  their  nuclei  have  disappeared;  but,  in  certain  conditions  in 
which  the  equipoise  <>f  the  hemopoietic  fun<  I  the  marrow  is  dis- 

turbed, r.(j.  after  hemorrhage,  in  t!  and  the  leuoocythss 

nucleated  red  cells  may  pass  <>ut  into  the  blood.  This  may  also  occur, 
though  usually  only  t<>  ;l  very  slighl  degn  I  <>f 

leucocytosis,  especially  if  the  lat  ive  in  degree.    The 

passage  of  erythrol  to  the  circulating  blood  takes  place  much 

more  readily  in  children.     I  defeated   red 

blood-corpuscles  may  become  specially  numerous  just  before  death;  and.  in 
several  of  such  cases  observed  by  the  authors,  this  phenomenon  apjxiare 
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to  have  been  increased  by  the  administration  of  large  saline  transfusions 
— perhaps  by  the  mechanical  washing-out  of  these  cells  from  the  bone- 
marrow. 

Megaloblasts,  or  large  nucleated  red  cells  of  primitive  type,  are  normally 
found  in  the  circulating  blood  during  intra-uterine  life  and  for  a  few  days 
succeeding  birth.  After  this  period,  they  are  to  be  regarded  as  patho- 
logical if  found  in  the  circulation.  They  may  make  their  appearance  in 
such  conditions  as  the  more  profound  anaemias,  especially  those  of  per- 
nicious type,  e.g.  in  "  primary  "  pernicious  anaemia,  and  in  the  anaemias 
produced  by  certain  intestinal  parasites,  e.g.  Dibrothriocephalus  latus 
and  Ankylostoma  duodenale.  Except  where  such  parasites  are  found, 
the  presence  of  more  than  a  very  few  of  these  cells — especially  if  also 
accompanied  by  gigantoblasts  and  gigantocytes — is  sufficient  to  justify 
the  diagnosis  of  pernicious  anaemia.  It  may  be  noted  here  that,  though 
megaloblasts  are  rarely  found  in  the  blood  except  in  the  above  conditions, 
they  are  by  no  means  of  uncommon  occurrence  in  the  bone-marrow  itself 
in  many  diseases,  not  only  in  children — in  whom  they  are  comparatively 
common — but  also  in  adults.  One  of  the  authors  has  repeatedly  found 
them  in  the  bone-marrow  in  such  conditions  as  acute  septic  diseases, 
typhoid  fever,  malignant  disease,  exophthalmic  goitre,  etc.,  in  the  adult ; 
and  in  diphtheria  and  many  other  acute  and  chronic  diseases  in  children.1 

Degenerative  Phenomena  are  of  common  occurrence  in  red  cells  [see 
Plates  XIII  and  XVI).  The  more  important  of  these  changes  may  be 
summarised  as  follows  : — 

Poikilocytosis. — In  some  diseases,  for  example  in  the  anaemias,  more 
especially  those  which  are  "  pernicious  "  in  type,  but  also  in  severe  second- 
ary anaemia,  the  red  corpuscles  may  be  distorted  in  shape,  and  are  then 
known  as  poikilocytes  (Plate  XVI,  figs.  1  and  4).  Crenation,  or  the  artificial 
production  of  knob-like  projections  on  their  surface,  due  to  changes  in 
osmotic  pressure,  must,  of  course,  be  distinguished  from  this  condition. 

Fragmentation,  or  breaking-up  of  the  red  cells,  is  not  uncommon, 
both  in  the  acute  toxic  diseases  and  in  the  anaemias.  It  is  specially  com- 
mon in  association  with  the  above  described  condition  of  poikilocytosis; 
and  is  most  frequently  seen  in  pernicious  anaemias,  this  being  probably 
the  commonest  mode  of  origin  of  many  of  the  so-called  "  microcytes." 
Some  of  these  abnormally  small  red  corpuscles  are,  however,  undoubtedly 
derived  from  parent  microblasts,  i.  e.  nucleated  forms  of  small  size,  by 
the  disappearance  of  the  nuclei  of  these  cells  (Plate  XVI,  fig.  1). 

Fragmentation-changes  also  occur  in  the  nuclei  of  Erythroblasts  as 
these  develop  into  fully  formed  red  cells. 

Colour-changes  in  red  cells. — These  alterations  are  mosl  commonly 
of  the  nature  either  of  increase,  or,  more  usually,  of  diminution,  in  the 
amount  of  the  contained  haemoglobin.     When  viewed  flat,  the  normal 

1  Carnegie  Dickson,  Thi  B(  iic-Manoir,  LongmAI  London,   1906, 

pp.   121-1L,L\ 
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red  blood-COrpUBCle,  owing  to  its  bib  tt  to  have  a  paler 

central  part,  which  represents  tl.  pondinglj  thinner  layer  of  ha* 

globin  in  this  area.     When  the  haemoglobin  contained  within  the  erythro- 

cytes  is  diminished  from  an]  e.g.  in  chlorosis  and  other  ai 

this  central  pale  area  becon.  ted.      In  severe  I  may  be 

perfectly  colourless  and  transparent,  and  the  haemoglobin  may  appear  as  a 
more  or  less  scanty  pale-red  ring  around  it  at  the  periphery  of  the  cell 
[see  Plate  XVI,  fig'  2). 

In  pernicious  anaemia,  on  the  other  hand,  although  the  total  amount 
of  the  haemoglobin  in  the  blood  may  be  markedly  reduced,  yet  the  amount 
per  individual  corpuscle  may  shew  little  or  no  decrease  ;  or  it  may  be  actu- 
ally increased  in  quantity,  t.  e.  the  colour-index  may  be  above  unity, 
and  in  this  connection  it  must  be  borne  in  mind  that,  though  greatly 
diminished  in  numbers,  many  of  the  corpuscles  may  be  individually 
of  larger  size  than  normal.  In  such  cases,  the  corpuscles  are  darker  than 
normal.  Crack-like  markings  are  common  in  the  erythrocytes  in  severe 
anaemias,  and,  though  this  appearance  may  in  some  cases  be  an  artefact, 
there  is  no  doubt  that  it  does  also  occur  in  vivo. 

Polychromatophilia  or  Diffuse  Basophilia. — In  some  conditions,  red 
corpuscles,  when  stained  with  methylene-blue  and  eosin,  or  some  such 
combination  of  stains,  do  not  shew  the  usual  bright-red  coloration  of  their 
discs  with  the  acid  stain;  but,  on  the  contrary,  exhibit  a  varying 
admixture  of  blue  staining  (Plate  XVI,  fig.  1).  This  may  occur  in  two 
entirely  different  sets  of  conditions. 

i.  As  a  degenerative,  and  probably  necrotic,  phenomenon,  supervening 
in  adult  or  fully-developed  erythrocytes  as  a  result  of  the  action 
of  various  toxic  substances, 
ii.  As  a  sign  of  immaturity,  the  red  cells  being  rapidly  and  imperfectly 
formed  in  the  bone-marrow,  and  Ending  their  way  into  the 
general  circulation  before  they  haw  developed  their  proper 
complement  of  haemoglobin.  That  this  polychromatophilia 
is  a  sign  of  immaturity  is  proved  by  the  fact  that,  in 
which  normoblasts  find  their  way  into  the  blood,  these  cells, 
both  in  the  circulating  blood  and  in  the  bone-marrow,  frequently 
exhibit  the  condition;  and  further,  the  more  immature  the 
cells  of  this  series  are,  the  more  marked  is  the  »  oi  poly- 

chromatophilia observable  in  them.    The  condition  is  found 
especially  in  ana3mias,and  is  usual!}  i  enounced  in  children. 

Punctate  Basophilia  or  Granular  Degeneration.  In  certain  conditions, 
e.g.  in  malaria,  in  pernicious  and  allied  anaemias,  and  in  sew  :  'lan- 

anaemias  such  as  those  produced   by  chronic  lead-poi  the 

corpuscles  may  shew   the   |  as  minute  blue-staining 

points  (Plate  XVI.  fig.  1).   Tl  «t  been  ascer- 

tained, some  regarding  them  as  the  remains  of  the  fragmented  nncl 
whilst  others  believe  them  to  be  due  to  degenerative  changes  in  - 
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reticulum,  and  a  few  hsematologists  even  regard  them  as  artefacts.  Some- 
what analogous  points  or  dots  (Schuffner's  and  Maurer's  dots)  are  of 
frequent  occurrence  in  the  invaded  corpuscles  in  malaria,  especially  the 
benign  tertian  form  of  the  disease.  These,  however,  stain  bright  red; 
whereas,  often  in  the  same  films,  the  blue-stained  points  of  the  punctate 
basophilia,  may  be  seen  in  some  of  the  degenerated,  but  uninfected, 
corpuscles. 

Colour-changes  in  the  Red  Corpuscles  may  also  be  due  to  the  action 
of  certain  poisons  of  known  or  unknown  nature.  Carbon  monoxide  and 
sulphuretted  hydrogen  form  compounds  with  the  haemoglobin.  Poisons 
absorbed  from  the  alimentary  canal  may  similarly  form  methsemoglobin 
and  sulph-hsemoglobin,  and  may  give  rise  to  a  peculiar  tinting  of  the 
skin  and  mucous  membranes  known  as  enterogenous  cyanosis.  In  some 
cases,  the  altered  pigment  may  be  retained  within  the  red  corpuscles,  the 
change  in  colour  being  then  mainly  due  to  the  inability  of  the  new  com- 
pound to  take  up  sufficient  oxygen.  In  other  cases,  if  haemolysis  or 
destruction  of  the  red  corpuscles  also  supervenes,  the  pigment  may  be 
freed  into  the  plasma  and  be  excreted  in  the  urine,  meth-  or  sulph-haemo- 
globinaemia  and  -hsemoglobinuria  respectively  occurring. 

B.  WHITE  BLOOD-CORPUSCLES  OR  LEUCOCYTES 

In  fresh  unstained  preparations,  the  white  corpuscles  appear  as  clear, 
colourless,  refractile  cells,  the  smaller  varieties  of  which  are  7  or  8  u  in 
diameter,  f .  e.  about  the  size  of  the  red  blood-corpuscles,  whilst  the  diameter 
of  the  larger  types  may  be  half  as  large  again  as,  or  twice  that  of,  the 
erythrocytes,  or  more.  If  examined  under  suitable  conditions  on  the  warm 
stage,  the  polymorphonuclear  and  large  mononuclear  cells  are  seen  to  be 
actively  amoeboid,  whilst  the  smaller  lymphocytes  are  only  very  feebly  so, 
or  non-motile.  The  fine  granules  of  the  polymorph  cells,  and  the  coarser 
granules  of  the  eosinophils,  are  distinctly  visible  as  highly  refractile  particles 
in  the  protoplasm,  with,  especially  in  the  latter  variety  of  cell,  a  pale- 
greenish  tinge  due  to  refraction.  "  Vacuoles,"  or  clear  rounded  spaces  filled 
with  fluid,  are  often  visible  in  the  cytoplasm,  particularly  if  the  cells  have 
been  ingesting  foreign  particles.  In  the  case  of  the  large  mononuclear  cells, 
the  cytoplasm  has  a  delicately  reticulated  appearance.  When  observed 
on  the  warm  stage,  fine  streaming,  and  also  to-and-fro  dancing,  movements, 
may  be  observed  in  the  cytoplasm  of  the  polymorphonuclear  and  large 
mononuclear  leucocytes,  especially  when  these  cells  are  exhibiting  phago- 
cytic activities,  as,  for  example,  in  the  freshly-drawn  blood  of  a  patient 
with  malaria.  In  such  a  specimen,  all  stages  of  the  phagocytic  process 
may  be  watched  under  the  microscope,  a  single  large  mononuclear  cell 
often  being  seen  to  ingest  several  malarial  parasites  in  succession.  Ol  ber 
rhythmic  movements  may  also  be  noted,  for  example,  a  Bpeciea  of  pulsatile 
motion  in  the  walls  of  the  vacuoles,  if  these  be  present.  It  will  also  be 
observed  that  the  nucleus  of  such  a  cell,  or  of  a  polymorphonuclear 
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leucocyte,  during  tin-  activities  of  these  cell  emain  motioi 

and  stationary ;  but  maw  from  time  to  time,  be  seen  actively  to  change 
its  shape  and  relative  position  within  the  cytoplasm. 

Diapedesis  of  leucocytes  through  the  vessel-wall,  and  theii  active 
migration  through  the  tissues,  may  be  observed  in  suitably  arrai 

specimens,  e.g.  in  fresh,  moist  preparations  of  fro  The 

polymorph  cells  are  usually  the  first  to  leave  the  vessels,  the  large  mono- 
nuclear leucocytes  passing  out  later.  In  this  connection  it  may  be  defin- 
itely stated  that,  especially  in  certain  forms  of  inflammation,  the  smaller 
mononuclear  cells  or  small  lymphocytes  are  also  amoeboid,  and  can  take 
part  in  the  process  of  emigration,  though  much  less  actively  than  the  fore- 
going varieties.  These  phenomena  are  fully  described  in  the  Chapter  on 
Inflammation  {see  p.  179). 

The  presence  of  Glycogen  in  the  cytoplasm  of  neutrophil  polymorpho- 
nuclear leucocytes  in  certain  pathological  conditions,  especially  those 
characterised  by  neutrophil  leucocytosis,  is  described  on  p.  568. 

VARIETIES  AND  RELATIVE  NUMBERS  OF  THE  WHITE  CELLS 

In  a  cubic  millimetre  of  blood  drawn  from  the  peripheral  circulation,1 
under  normal  circumstances,  there  are  present  about  8,000  white  cells. 
Variations  occur  in  this  number  both  in  health  and  in  disease — a  subject  to 
which  special  reference  will  be  made  in  the  section  on  Leucocytosis  (p.  598). 

In  the  following  table  are  enumerated  the  varieties  of  leucocytes 
found  in  the  peripheral  blood  of  normal  individuals,  together  with 
their  average  relative  or  percentage  numbers  and  their  absolute  numbers 
per  c.mm.,  calculated  from  8,000  as  the  average  total  leucocytes  per 
c.mm  : — 


Variety  of  Leucocyte. 

Kh.atiye 
N  i  v 
per  cvnt. 

ABSOI 

(.•.mm.  (taking  8,000  as 
Average  Total). 

4,800  to  6,000 
00,  240,  or  320 

i. 

ii. 

iii. 
iv. 
v. 

Finery-Granular     Neutrophil     Poly- 
morphonuclear Leucocytes  . 

60  to  75 

1  to  2£,  3, 
or  even  4  * 

Coaix  l\   <  iiamilai     BOSINOFHH    Lmco- 

Lymiikh  1  i  IS    Large  and  Small) 
Large  Mononuclear  \\\ \\.\s 1 1  •  111 

•_»:,  m  r> 

2,000  to  3,600 
SO  to  240 

l  t 

M\-    I              

UIK  1- 

unci- 

*  With  regard  to  the  nun  rinophilit,  set  p.  5*3  J. 

It  will  be  clear  from  the  above  figure*  that,  in  considering  the  meaning 

of  pathological  variations  in  a  Relative  Percentage  Leucocyte-Count,  I 

1-From  work   by   An.lrewes  (Croonian   L.vtur.  .    11*10)  and  others,   it 

Rppean  that  the  distribution  of  the  lea  particularly  the  polymorph!,  is 

by  no  means  uniform  throughout  the  circulating  MOOd  in  the  different  01 

tissues  of  the  body.    Thus,  apart  from  the  bone  marrow,  they  are  found  in  very 
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must  be  carefully  compared  with  the  Total  Leucocyte-Count;  and,  if 
necessary,  the  Relative  Absolute  Numbers  of  each  Variety  of  Leucocyte 
per  c.mm.  must  be  calculated — otherwise  a  very  erroneous  impression  may 
be  given  by  the  figures  of  the  relative  percentage  count  alone. 

A  detailed  description  of  the  various  forms  of  leucocytes  is  given  in 
the  Chapter  on  Inflammation  (see  pp.  174  et  seq.),  but  it  is  convenient 
to  repeat  this  description  here.  Reference  should  also  be  made  to 
Plates  IV,  V,  VI,  VII,  VIII,  XIII,  and  XV. 

i.  Polymorphonuclear  Leucocytes. — These  leucocytes  are  the  com- 
monest variety  in  the  blood,  in  which  they  constitute  about  seventy  per 
cent,  of  the  total  leucocytes.  They  have  a  nucleus  which  is  divided  into 
segments  or  lobes,  each  segment  being  connected  by  means  of  a  delicate 
filament  of  chromatin.  The  number  of  these  lobes  has  been  observed 
to  be  increased  in  certain  toxic  conditions,  and  such  variations  are  con- 
sidered by  some  writers  to  have  a  certain  diagnostic  and  prognostic  value, 
for  example,  in  tuberculosis.1  Carnegie  Dickson  has  noted  great  exaggera- 
tion in  the  complexity  of  the  polymorph  nucleus  under  the  experimental 
action  of  snake-venom,  whilst  thyroid  extract  also  appears  to  have  a 
certain  action  in  this  direction.  The  cytoplasm  contains  irregularly 
scattered,  fine  granules  which  stain  faintly  with  eosin.  As  has 'already 
been  noted,  these  leucocytes  are  actively  amoeboid  and  phagocytic.  In 
the  process  of  phagocytosis,  they  are  specially  concerned  with  the  destruc- 
tion of  bacteria;  and,  from  the  fact  that  they  are  smaller  than  the  other 
actively  phagocytic  cells  of  the  blood,  viz.  the  large  mononuclear  cells, 
they  have  been  termed  the  microphages  by  MetchnikofL  In  the  majority 
of  bacterial  infections,  these  cells  are  increased  in  number,  the  condition 
being  termed  a  polymorphonuclear  leucocytosis,  or— from  the  fact  that  it 
is  usually  produced  by  more  or  less  acute  bacterial  infections — inflam- 
matory leucocytosis  or  leucocytosis  proper.  Variations  in  the  number  and 
staining-reactions  of  the  granules  occur  in  certain  pathological  conditions. 
They  may  be  scanty  in  cases  where  the  cells  are  being  rapidly  produced, 
e.g.  in  excessive  or  prolonged  polymorph  leucocytosis,  myelogenous 
leukaemia,  etc.  (see  p.  610). 

ii.  Coarsely  Granular  Eosinophils. — These  cells  are  usually  stated 
to  constitute  from  one  to  three,  or  even  four,  per  cent,  of  the  white 
corpuscles  of  normal  blood.  In  the  experience  of  the  authors,  the 
average  is  usually  about  one  to  one-and-a-half  per  cent.  When 
stained  with  eosin,  they  show  in  their  protoplasm  brilliantly-coloured 


large  numbers  in  the  spleen-pulp  (whore  they  probably  undergo  destruction  when 
effete),  and  also  in  large  numbers  in  the  lung-capillaries.  In  the  liver,  they  are 
fairly  numerous,  less  so  in  the  kidney,  and.  in  some  organs  Such  as  the  brain,  they 
appear  to  be  comparatively  scanty.  The  facts  given  by  Andrewes  arc  of  info 
as  the  study  of  the  phenomena  of  leucocytosis,  etc.,  clinically,  is  usually  based  upon 
the  examination  of  the  peripheral  blood  only. 

1  See   pp.  600-1,  for  a   note  on   these  changes    in    Leu  th<      \neth- 

Count,  etc. 
37 
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pink  granules,  which  are  much  Laigei  and  more  highlj  tile  than 

those   in  the  polymorphonuclear   leuco.  The   lobed  character  of 

the  nucleus  is  not  so  marked,  and  it  stains  less  intensely  with  the  basic 
dyes.  These  cells  are  very  fragile,  and  readily  break  down  and  discharge 
their  granules.  In  certain  conditions,  especially  in  diseases  due  to  animal 
parasites,  they  may  be  very  markedly  increased  in  number  (see  p.  G02). 

The  Mononucleated  Leucocytes. — These  cells,  as  they  occur  in  the 
blood,  may  be  divided  thus  : — 

iii.  Lymphocytes. — These  vary  in  size.  Many  are  comparatively 
small  cells — about  the  size  of  a  red  corpuscle  or  slightly  larger— with  a 
relatively  large,  darkly-staining  nucleus,  and  with  very  scanty  cytoplasm, 
in  which  a  few  small  basophil  granules  can  usually  be  seen  near  the 
periphery.  Others  are  larger  cells  similar  to  those  described,  but  haying 
more  abundant  cytoplasm  (the  large  lymphocytes),  all  sizes  between  the 
typical  small,  and  the  typical  large,  lymphocyte  being  also  found.  The 
relative  numbers  of  small  and  large  lymphocytes  vary  very  much  in  in- 
dividual cases,  but  the  significance  of  such  variations  is  not  yet  fully 
understood.  These  together  constitute  from  about  twenty-five  to  forty-five 
per  cent,  of  the  colourless  corpuscles  of  the  blood. 

iv.  Hyaline  Leucocytes,  or  Large  Mononucleated  Cells,  are  present  in 
small  numbers  in  the  circulating  blood,  but  are  more  abundant  in  certain 
pathological  states,  e.g.  malaria.  In  their  general  character,  they 
resemble  the  large  lymphocytes,  and  it  is  often  very  difficult  to  draw  any 
absolute  distinction  between  them.  They  are  generally  described  as 
having  an  oval  or  kidney-shaped  nucleus  which  stains  less  intensely  than 
that  of  the  lymphocytes,  and  cytoplasm  which  is  de \< >i< I  < >f  granules.  This 
distinction,  however,  cannot  be  definitely  maintained,  as  intermediate 
forms  are  frequently  present.  Certain  observers  hold  that  transition 
forms  between  the  lymphocytes,  small  and  large,  and  these  hyaline 
cells  can  be  seen  in  the  blood,  and  that  one  is  derived  from  the  other. 
This  certainly  is  not  in  accord  with  our  observations.  In  malaria, 
where  there  is  a  great  increase  of  the  "  hyaline  "  leu<  t  he  ordinary 

lymphocytes  may  not  be  proportionally  increased;  and,  in  otto 
where  the  small  Lymphocytes  are  greatly  increased  in  number,  there 
need  not  be  any  increase  in  these  large  mononuclear  cells.  This  would 
certainly  suggest  i  hat  the  two  kinds  are  distinct  in  origin.  It  is,  we  think. 
not  improbable  that  some  of  these  large  mononucl<  u  cells  may  originate 
from  vascular  and  lymphatic  endothelium.  In  regard  to  migration,  there 
is  now  abundant  evidence  that  the  lymphocytes  can  migrate.  The  1. 
mononuclear  cells  shew  well-marked  amoeboid  movements  on  the  warm 
stage,  and  are  able  to  pass  out  of  the  vessels  in  virtue  <>f  this  property. 

v.  Mast-Cells,  about  a  half  per  cent,  of  the  leucocytes,  are  characb 
by  the  presence  of  irregularly  scattered,  larger  and  smaller  basophil 
granules,  or  granules  which  shew  metachromatic  staining.    These  cells 
are  more  frequent  in  some  pathological  conditions  of  the   blood,   e.g. 
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myeloid  leukaemia.  The  view  that  mast-cells  are  degeneration  products  of 
other  cells  has  recently  gained  ground  and  is  probably  correct,  as,  in  certain 
exudates,  all  intermediate  stages  can  be  observed  between  the  ordinary 
polymorph  (and  perhaps  other  varieties  of  cell)  and  the  typical  mast-cell. 
Abnormal  Forms  of  White  Cells  occurring  in  pathological  blood  will  be 
discussed  after  the  origin  of  the  various  blood-cells  has  been  described. 

C.  BLOOD-PLATES  OR  -PLATELETS 

The  nature  and  origin  of  these  bodies  are  as  yet  but  little  understood. 
They  are  small,  rounded  or  somewhat  oval,  extremely  adhesive  structures, 
about  two  or  three  micro-milhmetres  in  diameter.  They  do  not  stain 
well  with  the  ordinary  dyes,  and  are  best  seen  in  preparations  which  are 
rapidly  made,  and  fixed  and  stained  by  some  modification  of  the  Roman- 
owsky  method,  e.g.  that  of  Leishman  or  of  Jenner.  When  so  prepared, 
they  consist  of  a  clearer,  homogeneous  peripheral  part,  with  a  darker, 
sometimes  rather  granular,  red-staining  centre.  They  are  said  to  be 
composed  mainly  of  nucleo-proteins.  Their  origin  is  much  disputed, 
some  holding  that  they  are  of  the  nature  of  extrusions  from  the  red 
cells  (Ewing,  Maximow,  Klebs,  Arnold,  and  others) ;  whilst  some  authori- 
ties are  of  opinion  that  they  are  derived  from  the  nuclei  of  leucocytes ; 
and  others,  again,  from  a  study  of  very  carefully  stained  preparations, 
believe  them  to  be  produced  by  the  giant-cells  of  the  marrow  (Homer 
Wright).  The  older  view,  now  practically  discarded,  was  that  they  were 
of  the  nature  of  precipitation -products  in  the  plasma.  They  play  an 
extremely  important  part  in  the  formation  of  thrombi,  collecting  around, 
and  adhering  with  great  readiness  to,  foreign  bodies  in  the  blood-stream, 
or  to  injured  areas  on  the  walls  of  the  blood-vessels  or  of  the  heart.  They 
are  the  chief  components  of  vegetations  occurring  on  the  heart- valves, 
and  have,  owing  to  these  properties,  sometimes  been  termed  thrombocytes. 
They  probably  contain  the  thrombokinase  which,  in  the  presence  of 
calcium  salts,  converts  prothrombin  into  thrombin  or  fibrin-ferment. 

The  determination  of  their  precise  number  in  the  blood  is  a  matter  of 
considerable  difficulty,  but  it  is  probable  that,  in  health,  they  vary  between 
200,000  and  500,000,  the  average  being  about  250,000  per  cubic  millimetre. 
Pathologically,  though  the  recorded  results  are  somewhat  contradictory, 
they  appear  to  be  increased  in  numbers  after  haemorrhage,  in  pneumonia, 
in  leucocythaemias,  and  in  many  anaemic  conditions;  whilst  they  are 
diminished,  as  a  rule,  in  typhoid  and  many  other  acute  fevers,  purpura, 
haemophilia  and  in  malaria.  In  pernicious  anaemia  they  are  usually, 
though  not  always,  decreased  in  number. 

ORIGIN  AND  FORMATION  OF  BLOOD-CELLS 

The  probable  part  played  by  the  endothelial  cells  lining  vascular 
channels,  lymphatics,  and  serous  surfaces,  in  the  formation   of  large 
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mononucleated   cells   of   the    blood,    is    discussed    in    the    I 
Inflammation  (pp.  178  and  183). 

Apart  from  these  cells,  however,  in  extra-  life,  the  majority 

of  the  funned  elements  originate  in  the   bone-marrow;  but  the  lymphatic 
glands  and  the  adenoid  tissue  of  the  spleen,  u  I  oment  m 

also  I"'  regarded  as  important  hsamopoii  ies. 

A  short  description  of  the  physiology  and  pathology  of  tl 
is,  therefore,  necessary  at  this  point. 

1    LYMPHOID  TISSUE  OF  LYMPHATIC  GLANDS,  SPLEEN, 
INTESTINE,  OMENTUM,  ETC. 

The  histology  of  lymphoid  tissue  is  sufficiently  described  in  standard 
i  Histology,  and  a  very  brief  resume  will,  therefore,  suffice 

for  our  purpose.  Such  lymphoid  tissue  consists  of  an  adenoid  reticulum, 
made  up,  partly  of  the  branching  and  interlacing  processes  of  its  cells, 
and  partly  of  formed  connective-tissue  fibrils.  In  the  interstices  of  this 
reticulum,  which  is  richly  supplied  with  blood-vessels,  are  situated  the 
sly-packed  lymphoid  cells — mostly  small  lymphocytes  with  scanty 
protoplasm  and  relatively  large,  darkly-staining  nuclei.  Such  lymphoid 
tissue  is  present  In  the  lymphatic  glands,  in  the  solitary  and  agmini 
glands  of  the  intestine,  in  the  tonsils,  Malpighian  bodies  of  the  spleen,  and 
in  the  omentum.  UK  .  etc.     It  is  also  found  in  the  thymus  gland 

before  the  occurrence  of  the  atrophy  by  which  that  gland  is  more  or 
completely  transformed  into  adipose  tissue.     (See  p.  630  and  fig.  283: 
and  p.  817.) 

II.  BONE-MARROW1 

It  is  convenient  to  describe  first  the  varieties  of  bone-marrow;  then 

(numerate  the  different  varieties  of  cell  which  may  be  found  in  the 

te  ;   next  to  deal  with  the  most  important  reactions  and  degenerations 

to  which  it  is  liable  under  pathological  conditions;   after  which  to  brieily 

recapitulate  the  more  important  of  the  known  functions  of  the  tissue. 

(A)  VARIETIES  OF  BONE-MARROW 

(See  Plate  XV  and  I   ga    267  bo  280.) 

(I)  Primitive  or  Embryonic  Marrow.  -The  medullary  cavities  of  the 
bones  are.  earl)  in  development,  tilled  with  a  tissue  composed  of  cells, 

mucoid  or  "  myxomatous  "  in  type,  dug  numerous  branching  and 

interlacing  processes.    These  are,  in  histologica]  structure  and  app 

similar  to  the  cells  found  in  other  mucoid  t.  D  the  foetus;    and.  in 

this  situation,  they  afterwards  develop  into  the  adenoid  reticulum  or 

connective-tissue  framework  of  the  marrow,  in  the  interstices  of   which 

1  Tlii-  illy  published  by  one  "f  the  rathon    W.  I'   I 

Dickson)  in    International  Clinie»t  \<  l.  .  J.   B.   Lippi 

Company,  1907,  p.  -'.»'.».     It  i-  reproduced  ben  frith  the  kind  permission  of  the 
Editors  ami  Publisher!  of  thai  periodical. 
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appear,  about  the  fourth  month  of  foetal  life  or  a  little  earlier,  the  hemo- 
poietic cells  proper.  By  the  proliferation  of  these  cells  is' formed  the  next 
variety  of  marrow. 

(2)  Red,  "  Lymphoid,"  or  Formative  Bone-Marrow  proper,  in  which, 
except  during  foetal, and  perhaps  early  infant, life  when  the  liver  and  spleen 
still  retain  some  of  their  primitive  hemopoietic  functions,  are  developed  all 
the  red  blood-corpuscles,  the  majority,  if  not  all,  of  the  granular  leucocytes, 
and  possibly  also  some  of  the  non-granular  white  cells  of  the  blood. 

In  the  infant  and  young  child,  this  type  of  marrow  is  found  throughout 
the  interior  of  the  entire  osseous  system,  but,  as  age  advances,  in  certain 
situations,  especially  within  the  central  parts  of  the  shafts  of  the  long  bones, 
the  red  marrow  tends  to  undergo  a  process  of  physiological  "  degradation." 
the  hemopoietic  cells  almost  entirely  disappearing  from  large  tracts  of 
the  tissue,  and  the  space  being  filled  by  a  development  of  fat  within 
the  connective-tissue  cells  of  the  adenoid  reticulum.  (See  fig.  277.) 
Usually,  however,  some  of  the  blood-forming  cells  remain  towards  the 
periphery  of  the  shaft,  and  also  more  especially  towards  the  ends  of  the 
long  bones,  a  point  of  extreme  importance,  as  will  be  seen  later,  from  the 
fact  that  it  is  from  these  positions  that  proliferation  may  again  take  place 
should  there  be  any  special  demand  for  increased  production  of  blood-cells. 
In  the  short,  flat  and  irregular  bones,  especially  in  the  sternum,  ribs, 
vertebrae,  and  cranial  bones,  the  red  marrow  undergoes  a  much  less 
degree  of  this  fatty  change;  though,  even  in  these  situations,  there  is  a 
progressive  increase  in  its  amount,  which  may  become  very  considerable 
in  advanced  age  and  in  some  pathological  conditions.  There  is,  therefore,  in 
the  red,  as  well  as  in  the  fatty,  marrow,  a  potentiality  for  the  proliferation 
of  theblood-formingelements,and  for  a  corresponding  diminution  or  absorp- 
tion of  the  fat-cells,  should  there  be  a  necessity  for  increased  output  of  the 
blood-cells  formed  in  the  marrow  (see  Plate  XV,  and  figs.  269  to  279). 

(3)  Yellow  or  Fatty  Marrow. — This  variety  of  marrow  is  found  as 
age  advances,  more  especially  in  the  central  parts  of  the  shafts  of  the  long 
bones,  as  above  described,  the  fat  being  developed  within  the  cells  of  the 
adenoid  reticulum.  These  areas  of  fatty  marrow  form  a  most  important 
"  potential  area"  in  which  the  development  of  blood-forming  cells  can 
be  carried  on,  should  there  be  any  special  call  for  these  colls  to  combat  the 
attack  of  disease,  or  to  replace  cells  destroyed  by  its  action,  for  example,  in 
many  of  the  acute  and  chronic  diseases  characterised  by  leucocytosis,  or  by 
anaemia.  Any  factors  interfering  with  this  reaction,  e.g.  chronic  degenera- 
tive conditions  of  the  marrow  such  as  may  be  found  in  syphilis,  chronic 
alcoholism,  lead-poisoning,  malignant  disease,  the  prolonged  action  of  X- 
rays,  etc..  may  lead  to  a  rapidly  fatal  issue  if  a  patient  bo  affected  contracts 
an  acute  febrile  di  icfa  as  pneumonia.  Two  of  the  most  important 
of  such  degenerative  conditions  of  the  marrow  may  next  be  described. 

(4)  Fibroid  and  Sclerotic  Marrow.  In  old  persons,  or  earlier  in  life 
under  certain   pathological  conditions,   and   more  especially  in   syphilis. 


t  ion  of  .Marrow  of  Femur  from  a  case  of  carcinoma  of  the  intestine, 
■hewing  the  mora  usually  described  variety  of  gelatmoai  hronic 

condition  rapervening  in  old-standing  disei  iated  with  cachoxias 

end  inanition,  and  often  occurring  after  prolonged   leoooUastifl  or  other 

excessive  forma  ol  marrow-activity. 

The  "  gelatinous  "  material  ub  formed  by  transformation  of  the  fat-oeDa  and  r 
eulum,  with  progressive  disappearance  of  the  hemopoietic  tissue. 


Fia,  rditii 

of  t                .-'  daratio  view  of  the                         nn  of 

gelatinou                ttion.  The  fat  b  ondei                                                     of  the 

slla  showuig  mucoid  d< 
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the  connective-tissue  elements  may  be  found  proliferating  at  the  expense 
of  the  more  highly  endowed,  and  therefore  more  delicate  and  more  easily 
destroyed,  functioning  cells  of  the  part.  This  change  may  be  due  to  the 
direct  action  of  some  toxic  substances,  as  well  as  to  diminished  nutrition 
from  vascular  and  other  derangements.  Ossification,  partial  or  complete, 
may  supervene,  and  the  bones  may  become  unduly  dense,  as  in  syphilis ; 
whilst,  in  other  cases,  the  bony  tissue  may  become  partially  absorbed  and 
unduly  porous  (see  under  Diseases  of  Bone,  p.  1034). 

(5)  Gelatinous  Marrow. — This  is  an  important  degenerative  change, 
which  may  supervene  in  old  age,  and  especially  in  cases  of  chronic  debili- 
tating disease  accompanied  by  anaemia,  such  as  cancer,  phthisis,  etc., 
or  in  starvation  (see  fig.  267).  It  may  also  occur  very  rapidly 
in  acute  diseases  such  as  ulcerative  endocarditis,  pneumonia,  puerperal 
and  other  forms  of  septicaemia,  diphtheria,  etc.,  where  the  organisms  or 
their  toxins  possess  a  high  degree  of  virulence  (see  fig.  268). 

Gelatinous  degeneration  may  attack  both  yellow  and  red  marrow, 
and  seems  specially  liable  to  be  found  when  they  have  previously  under- 
gone prolonged  leucoblastic  transformation  and  where  the  proliferative 
changes  have  not  been  kept  up,  i.  e.  in  exhaustion  supervening  in  an  over- 
active marrow  in  which  the  strain  cannot  be  maintained  (see  Plate  XV, 
fig.  6).  It  is  important  also  to  bear  in  mind  that  the  condition  can  be 
brought  about  artificially  by  certain  drugs,  which,  at  first,  when  given  in 
small  therapeutic  doses,  may  stimulate  the  haemopoietic  functions  of  the 
marrow,  e.g.  arsenic,  lead,  mercury,  etc.;  but  the  prolonged  application 
or  excessive  doses  of  which  may  bring  about  profound  gelatinous 
degeneration,  accompanied  by  complete  disappearance  of  the  blood- 
forming  cells  from  large  tracts  of  marrow -tissue. 

(B)  VARIETIES  OF  CELL  FOUND  IN  THE  MARROW 

Only  a  bare  enumeration  of  the  cells  found  in  the  marrow  is  possible 
in  a  short  resume  of  the  subject  such  as  this.1  In  film-preparations  and 
in  sections  of  red  or  blood-forming  bone-marrow,  the  following  varieties 
of  cells  may  be  distinguished  (see  Plate  XVI,  figs.  3  and  4)  : — 

I.  BLOOD-FORMING   CELLS. 
A.  LEUCOCYTE-SERIES  :— 
(a)  Non-granular  cells  with  basophilic  protoplasm  :— 

1.  Large. 

2.  Small. 

i.  Cells  similar  to.  but  smaller  than,  the  large  variety, 
ii.  Cella  identical  with  the  small  lymph<  i  the  blood  in 

appearance  and  in  Btaining  reactions. 
1   For  a  more  detailed  account  of  ti  On    Bone-Marrow:   A  Cytoloj 

Study  forming  an    Introduction    to  the   Normal   and    Pathological    ffigtologj    of  the 

Tissue,  more  especially  with  regard  to  Blood-Formation,  Blood-Destruction, 

by  W«  E.  Carnegie  Dickson,     Longmans,  Green  \  (\k.  London,  1906.     Prom  this 

monograph,  Plate  XV,  and  figs.  2G7  to  280  are  tak 
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(b)  Granular  cells  :— 

1.  Neutrophil  (corresponding  to  amphophil  in  the  rabbit): — 
i.  Myelocytes,  with  large,  rounded  or  oval  nucleus. 

(a)  Largei  van. 

(b)  Smaller  rari< 

ii.  Intermediate  cells,  with  indented  01  horseshoe-shaped  nucleus. 
iii.  Polymorphonuclear  cells,  or  fully-developed  leu 
(These  cells  form  a  complete  developmental  of  cells  gradually 

merging  into  one  another,  see  p.  600.) 

2.  Eosinophil  : — 
i.  Myelocyt- 
ic Intermediate  cells. 

iii.  Polymorphonuclear  cells  or  leucocytes. 

3.  Basophil : — 
(a)  Mast-cells. 

i.  Myelocytes, 
ii.  Intermediate  cells, 
iii.  Polymorphonuclear  cells. 
(6)  Cells  resembling  the  eosinophil  myelocytes  but  with  granul- 
ations staining  with  the  basic  dye. 
B.  HAEMOGLOBIN-HOLDING  SERIES  :-- 

1.  Normoblasts,  developing  into  normocytes  or  ordinary  red  blood- 
corpuscles. 
J.  Megaloblasts,  normally  giving  rise,  in  the  foetus,  to  normoblasts, 
or,  under  certain  pathological  circumstances,  e.g.  in  pernicious 
anaemia,  producing  Megalocytes  (see  p.  620). 
"').  Gigantoblasts,  developing  into  Gigantocytes,  these  being  merely 
very  large  forms  of  the  preceding  variety  of  cell,  found  especially 
in  pernicious  antemia  (p.  620). 

II.  GIANT-CELLS: 

1.  Mononucleated.—  Megakaryocytes,    with    single,    highly    complex, 

basket-like  nucleus. 

2.  Multinucleated.-  Polykaryocytes,  e.g.  osteoclasts,  etc. 

111.   CELLS  OF  CONNECTIVE-TISSUE  TYPE. 

1.  Fat-Cells. 

2.  Cells  of  the  Adenoid  Reticulum. 

3.  Various  forms  of  Phagocytic  Cell  (pigmented  cells,  etc.). 

4.  Ordinal}'  Connective-Tissue  Cells  passing  in  with  blood-v 

IV.   ENDOTHELIAL  CELLS. 
(Lining  the  walls  of  capillaries,  blood-sinuses,  etc.) 

1.  Found  in  their  normal  positions  in  the  vessel-walk. 

2.  Found  proliferating,  taking  on  phagocytic  rui 

(These  belong  to  the  reticuloendothelial  system,1  and  similar  cells  are 
found  in  the  Bpleen,  Lymphatic  glands  and  liv< 
1  Asohoff,  Lectures  on  Pathology  i  irk,  1924,  p.  1  el 
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Fig.  269. — Transverse  Section  of  Bone-Marrow  from  Femur  of  healthy  Rabbit,  shewing 
the  average  normal  proportions  of  fatty  and  cellular  tissue.  Note  central  venous 
sinus,  a  thin-walled  vascular  space,  into  which  run  venous- capillary  channels  which 
pass  in  radially  from  the  periphery  towards  the  centre  of  the  marrow.  (Cf. 
fig.  270,  in  which  these  vascular  spaces  are  congested,  and  thereforo  shew  moro  clearlv.) 
x45. 


Fig.  270. — Tran  <  tionof  Bone-Marrow  from  Femur  o!  Rabbit  inoculated  with  pus 

from  pneumococcal  empyema  (death  in  18  hours),  showing  congestion  of  central  venous 
sinus  and  tributary  venous-capillary  channels.  The  medullary  artery  and  some 
of  its  branches  arc  also  seen  in  tho  section.  Tho  fat  is  already  slightly  diminished, 
but  little  proliferation  of  the  hemopoietic  cells  has  yet  had  time  to  occur.  IV 


588 


SPE<  l.\L   PATHOLOGY 


FlO.   871.-     I  I  '•>  Section  of  Bone-Marrow  from  Femur  of  Rabbit,  inoculated  with 

diphtheria  toxin  (.">  M.L.D.)    (death  in  33  hours),  shewing   very  intense  eon. 
of  the  two  main  tributaries  of  the  central  venous  sinus  and  venous-capillary  ehannels. 
The  amount  of  fat  is  now  greatly  diminished,  and  there  is  marked  proliferation  of 
the  blood-forming  tissue,  corresponding  to  the  lew  linically.        4."» 


Huron  from  Femur  of  Rabbit,  b                 aith 

sputum   from   case  of   poeaa  diminished   virulence 

(death  in    1"  tn>n.   with  total  dis- 
appearance of  the  fat  cell-. 
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Fig.  273. — Section  of  normal  Rib-Marrow  from  the  human  subject,  shewing 
relative  amounts  of  fatty  and  blood-forming  tissue.      X  45. 


FlO.  274. — Section  of  human  Rib-Marrow  from  a  oaM  of  rheumatic  peiicarditil  with  leuco- 
cytosis,  shewing  comparatively  complete  leucohlastie  transformation,  combined 
(as  could  bo  determined  when  examined  under  a  higher  magnification)  with  a  con- 
Mderablo  degree  of  erythroblastic  chango,  corresponding  to  a  certain  (l«Lrrce  of  anjrmia. 
Note  the  few  scattered  fat-colls  of  small  size  still  remaining. 
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-15. — Section  of  human  Rib-MarTOW  from  a    ease  of  chronic  M-pticamia,  fth< 
almost  complete  disappearance  of  fat-cells.     Under  a  higher  magnification  the 
i-  largely  erythroblastic,  this  condition  having  supervened  upon  a  long-standing 

leucoblastic  reaction  with  exhaustion  of  the  marrow,  and  ananiia. 


Fio.  270. — Section  of  human  Rib-Marton  bom  pneumonia  with  '• 

•hewing  that  the  defective  1-  ruling 

marrow -tissue.     Compare  with  fij 
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Fig.  277. — Transverse  Section  of  Bone-Marrow  of  human  Femur  to  shew  normal  appear- 
ance of  yellow  marrow  in  centre  of  a  long  bone.  Note  the  almost  complete 
absence  of  blood-forming  cells — only  a  few  small  groups  being  seen.     x45. 


FlG.  278. — A  similar  section  of  the  Marrow  of  the  Femur  from  a  0M6  of  streptococcal 
septicaemia  to  illustrate  leucoblaatk  change  spreading  In  from  tho  periphery.  '1'he 
central  venous  sinus  and  tho  accompanying  medullary  artery  arc  seen  towards  the 
upper  part  of  the  section.      :    1 5. 
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Fia.  279. — A  .similar  section  of  the  Marrow  of  the  Femur  from  a  cue  ol  ohronic 
staphylococcal  abscesses  of  six  months'  duration,  the  fatty  marrow  being  com- 
pletely transformed  into  active  blood-forming  tissue.     x45. 


lli;.  290.     I  Mil  -\«-i  -•  Boction  "t  Marrow  of  Femur  from  ■  oamoI  pnemnonia  with  leuco- 
penia,  to  show  defective   leucobb  <  ellular  areas  seen  are  largely 

engorge<l  < -apillarie^  with  very  little  loucoblaatic  change.      >  45. 

[Figs.  267  to  280  are  borrow.  .1  bom  Carnegie  Dickson's  MTlw  Bone-Marrowi 

ACytological  Study,"  LongmADl  ndon,  19<>- 
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(0)  REACTIONS  OF  THE  BONE-MARROW  IN  DISEASE 

{See  Plate  XV,  figs.  269  to  280.) 

In  many  diseased  conditions,  rapid  proliferative  changes  may  occur 
both  in  the  red,  and  in  the  yellow,  marrow,  and,  according  as  the  change 
is  characterised  by  the  increased  production  of  red,  or  of  white,  blood-cells, 
the  process  may  be  described  as  being  either  erythroblastic  or  leucoblastic  in 
type.  In  health,  there  is,  in  the  marrow,  a  normal  balance  between  these 
two  processes ;  and,  usually,  when  the  tissue  is  first  stimulated  to  prolifer- 
ate, there  is  increased  production  of  all  varieties  of  marrow-formed  blood- 
cells.  Soon,  however,  in  most  cases,  the  tissue  is  found  to  produce  more 
particularly  the  variety  of  cell  for  which  there  is  special  demand,  and  the 
reaction  becomes  either  leuco-  or  erythro-blastic  in  type,  though,  in  some 
cases,  both  changes  may  occur  simultaneously  in  the  same  marrow.  A 
very  common  sequence  of  events  which  may  be  found  in  certain  chronic 
septicaemias  and  other  diseases  is,  first  of  all,  with  the  occurrence  of  a 
polymorphonuclear  leucocytosis,  a  slight  transitory  increase  in  the  number 
of  red  cells  in  the  peripheral  blood.  Then,  if  the  leucocytosis  has  to  be 
kept  up  for  a  prolonged  period,  the  reds  become  progressively  diminished 
in  numbers.  If  the  marrow  be  examined,  corresponding  phenomena 
will  be  found  occurring,  i.  e.  the  leucoblastic  will  now  predominate  over, 
and  obscure,  the  erythroblastic  type  of  reaction ;  and,  if  the  leucocytosis 
has  to  be  maintained  for  a  still  longer  period,  degenerative  changes  may 
occur  in  the  leucoblastic  marrow,  and  a  progressive  anaemia,  characterised 
by  transformation  to  the  erythroblastic  type  of  reaction,  may  supervene. 
Then,  as  the  anaemia  becomes  more  profound,  this  too  may  pass  off  as 
exhaustion  of  the  marrow  supervenes,  and  the  blood-forming  tissue  may 
undergo  gelatinous  degeneration. 

LEUCOBLASTIC  MARROWS.— Corresponding  roughly  with  the 
different  types  of  leucocytosis  observed  clinically,  we  may  subdivide  tbe 
leucoblastic  changes  found  in  the  marrow  into  four  groups,  several  of  these 
being  often  more  or  less  combined  in  any  given  case  : — 

(1)  Neutrophil  leucoblastic  reaction  {see  Plate  XV,  figs.  3,  4  and  5). 
This  type  is  found  especially  in  connection  with  the  establishment  of  an 
inflammatory  leucocytosis,  i.  e.  an  increased  production  of  the  neutrophil 
series  of  cells,  a  condition  found  in  the  majority  of  acute  infective  diseases, 
whether  these  be  local  {e.g.  inflammation,  abscess-formation,  etc.,  due  to 
the  presence  of  Staphylo-  and  Strepto-cocci,  B.  eoli,  and  many  other  micro- 
organisms),or  more  general  conditions, such  as  pneumonia, the  septicaemias. 
etc.  The  results  prodm  ed  in  the  marrow  are  practically  identical  in  both 
sets  of  cases,  differing  rather  because  of  the  intensity,  quality,  and  amount  of 
the  irritant,  than  on  account  of  its  special  point  of  attack  and  distribution 
in  the  body.  This  leucoblastic  reaction  is,  of  course,  naturally  m< 
readily  produced  in  the  red  marrow  (see  iiurs.  i27  1  and  275),  and  shews  as 
an  increased  proliferation  of  the  special  variety  of  hemopoietic  cell 
38 
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required — in  this  case  the  neutrophil  myelocytes.    But,  if  farther  dema 
are  made  upon  the  tissue,  the  change  spreads  into  the  fatty  or  yellow 
marrow  in  the  shafts  of  the  loi  ami  elsewhere  [see  figs.278  and  279)  ; 

and,  in  these  situations,  all  degrees  of  the  reaction  may  be  •  I,  up 

to  complete  transformation  to  fully  formed  red  marrow.    In  tin 
the  long  bones,  this  transformation  is  found  to  Bpread  into  the  I 
marrow  from  the  periphery  and  ends  of  the  shaft.  >m  the  ritual 

in  which  the  hemopoietic  cells  have  not  completely  disappeared  as  the 
physiological  degradation  of  the  marrow  to  fatty  I  ocurs. 

pathological  conditions  preventing  this  Leucoblastic  reaction  on  the  part 
of  the  marrow,  e.g.  the  presence  of  fibroid  or  gelatinous  i  it  ion 

(see  figs.  267  and  268),  may  determine  a  rapidly  fatal  issue  in  a  case, 
say,  of  pneumonia,  diphtheria,  etc.;   and  such  cases  may  thus  be  charac- 
terised clinically  by  the  absence  of  leucocytosis  (aleucocytosis), 
by  hypoleucocytosis  or  leucopenia,  i.  e.  diminution  of  the  lew  »unt 

(see  p.  601  and  603). 

(2)  Eosinophil  leucoblastic  reaction.— Characterised  by  special  in* 
of  the  eosinophil  granular  cells. 

(3)  Basophil  leucoblastic  reaction. — Characterised  by  special  prol 
tion  of  the  basophil  granular  cells  (mast-cells),  a  condition  found,  along 
with  other  changes,  particularly  in  myelogenous  leukaemia,  and  in  certain 
nutritional  disorders. 

(4)  Hyaline  leucoblastic  reaction. — Characterised  by  an  in< 

the  numbers  of  the  pre-myelocytes  or  myeloblasts,  i.e.  Large  basophil 
non-granular  cells  from  which  the  granular  series  are  developed.     This 
type  of  reaction  is  specially  found  in  marrows  from  cases  of  prol.. 
leucocytosis,  e.  g.  in  chronic  septicaemias  or  pyaemias,  malignant  di» 
etc.,  and,  in  its  most  extreme  form,  is  observed  in  cases  of  so-called  acute 
"  lymphatic  "  leukaemia. 

ERYTHROBLASTIC  or  RED  BLOOD-CELL-FORMING  MARROWS 
may  be  subdivided  into  two  main  types  : — 

(1)  Normoblastic  - /.  e.  marrows  in  which  normoblasts  or  normal 
nucleated  red  cells  are  found  in  <•  </.  after  hemorrhage,  and  in  most 
secondary  anemias,  where  the  tissue  endeavours  to  compensate  for  the 

ciency  in  the  number  of  the  ted  coi  <»f  the  blood.    The  fact 

already  been  noted  that  this  change  may  also  supervene  in  leucobli 
marrows  which  have  become  exhausted. 

(2)  Megaloblastic  -where  a  more  primitive  type  of  red  cell-formation 
is  developed,     liegaloblasts— or  nucleated  red  cells  of  abnormally  1 

size,1   and    p  :   nuclei    of    more    primitive  type     aie   increased    in 

Dumber  in  the  marrow  in  various  dist  xtfa  acute  and  chronic.    They 

are  usually  present  only  in  small  numbers,  although  in  DOph- 

thalmic  goitre,  malignant  disease,  tuberculous  disease,  many  acute  and 

1  Nora.— For  tin  cation  oi  Us.  the  primitive  ohai 

nucleus  is  of  much  greater  signili  I  the  oell. 
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Fig.  1. — Blood-Film  from  a  east  of  Pemiciou  ned  with  eosm  and  methj 

hi,. 
a. — Polymorphonuclear  lend 
6.6.-  Normoo] 

c.c-   i  erythrocytes  shewing  polyohionuttophilia,  or  diffme  bMophilia. 

</. — Normocyte  shewing  punctate  basophilia, 
e. — Normoblast. 

/. — Normoblast  shewing  karyorrhexis    /'•/'.  Nucleated  red  corpuscles,  more  or 
less  intermediate  between  normo-  and  megalo-bla 
rrhexis. 
g. — Normoblast  shewing  punctate  basophilia. 
h. — Megelooyte. 
i. — Megaloblast. 

j. — Megaloblast  shewing  karyorrhexis. 
k. — Mogalobla>t  shewing  punctate  basophilia. 
/./. — Microoytes  (some  probably  formed  by  fragmentation  ol  larf 
;//.//(.-  -PoikUocj  b 

I'i«;.  2.-  -Blood-Film  from  a  case  of  Chlorosis  (stained  with  Lelahmaji'i  stain).    Tin 
( tils  aro  poor  in  lueinoglobin,  and  shew  pallor  of  their  oentfl  I.  300 

a. — Polymorphonuclear  leucocyte. 
b. — Lymphocyte. 
c. — Normoblast. 

d. —  Blood -platelets. 

Fio.  3. — Bone- Marrow  Fdm  {Rib)  from  a  cast  of  Pneumococcal  Empyema,  ehswing  Ltuco- 
blasUc  Reaction  (stained  with  eosin  and  methylene-blue).  BOO 

a.a. — Adult  polymorphonuclear  neutrophil  leu 

b.b. — [mmature  polymorphonuclear  neutrophil  leuoooj 

C.c. —  Intermediate  neutrophil  myelooj 

'/.'/.    'Neutrophil  myelocj 
d'&'jA". — Neutrophil  myelocytes  shewing  Btages  of  karyokinesis. 

e.e. — Non-granular  cells,  possibly  pre-myel  .  parent-cells  of  the  granular 

myelocytes. 
/. — <  lanular  polymorphonuclear  eosinophil  leuoocj  to. 

(j. (j.- — ( loarsely-grannlar  eosinophil  myelocytes. 

ill  Lymphocj  te-likc  cells. 
i'.j. — Normobl 

I. — Bone-MafTOW   Film    [Femur)  from   a   case  of   Pernicious  Anctm  ng  an 

fibroblastic    Reaction   of    Megaloblastic    type    (stained    with   eosin   and 
methylene-bl  f>oo 

a.<i.     Neutrophil  myekx 
b. — <  i mular  polymorphonuclear  eosinophil  leuoo 

laophil  iu\  i 
<i.<i. 
e.e.    -Normofa  poikilooyl 

hewing  similar  ch  11   transit,  found 

i  normoblasts  and  megalonlasts;   hence  thei  ken  difficult  in 

if\  in_'  indi\  idual  cells  ). 

g. — Megaloblast   with  typical  "primitiYe"  type  of  nuol 
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chronic  septic  conditions,  typhoid  fever,  etc.,  they  have  been  observed 
with  comparative  frequency,  and  sometimes  in  large  numbers.1  The 
most  extreme  degree  of  megaloblastic  transformation,  however,  is  seen  in 
cases  of  pernicious  anaemia  (see  Plate  XVI,  fig.  4),  and  in  certain  secondary 
anaemias  closely  allied  to  it,  notably  in  those  due  to  the  presence  of 
Dibolhriocephalus  latus,  Anhylostoma  duodenale  and  other  intestinal 
parasites,  and  also  in  myelogenous  leukaemia. 

In  the  aplastic  anaemias,  which  may  be  congenital  or  acquired,  the 
erythroblastic  power  of  the  marrow  is  diminished  or  lost.  Prolonged 
exposure  to  the  more  penetrating  varieties  of  X-rays  may  bring  about 
this  condition. 

(D)  FUNCTIONS  OF  THE  BONE-MARROW 

These  may  be  briefly  summarised  as  follows  : — 

(1)  Hemopoietic  Functions. 

(a)  Erythroblastic. — The  formation  of  red  blood-cells. 

(6)  Leucoblastic. — The   formation   of  white   blood-cells,   especially 
those  of  the  granular  series. 

A  normal  balance  between  these  two  processes  is  maintained  in  health ; 
whilst,  in  disease,  there  is  a  latent  capacity  for  the  increased  production 
of  any  or  all  of  the  blood-cells  to  meet  the  increased  demand  for  them, 
whether  this  be  due  to  the  necessity  of  replacing  cells  destroyed  by  the 
disease,  as  in  the  anaemias,  or  to  the  fact  that  more  blood-cells  are  required 
to  combat  the  attack  of  the  invading  bacterial  or  other  pathogenetic 
agent,  as  is  seen  in  the  various  inflammatory  and  suppurative  conditions — 
the  fatty  marrow  forming  an  important  potential  additional  area  for  the 
production  of  this  reaction  in  the  marrow. 

(2)  Blood-Destruction,  Phagocytosis,  etc. 

The  marrow,  like  the  liver  and  spleen,  by  means  of  its  abundant 
rrtirulo-endothelial  system,  constitutes  a  very  important  haemolytic 
area,  and  this  function  is  greatly  increased  in  most  of  the  acute  and 
chronic  toxic  diseases,  e.g.  the  acute  infective  fevers  septicaemias, 
malaria,  etc.;  the  anaemias,  especially  the  pernicious  forms:  and  the 
"cachexias,"  especially  malignant  disease,  etc.  (See  Plates  III,  fig,  'J. 
and  XIV,  fig.  4.) 

Phagocytosis  of  pathogenetic  organisms  also  occurs  to  a  considerable 
degree  in  many  diseases,  the  marrow  appearing  to  be  specially  liable  to 
the  presence  of  micro-organisms;  and,  as  in  the  case  of  the  Bpleen  in 
many  diseases,  pure  cultures  of  these  may  frequently  be  obtained  from 
this  tissue,  e.g.  in  pneumonias,  streptococcal  and  other  septicemias,  etc. 
Some  blood-  and  other  parasites  pass  certain  of  their  development 

in  the  bone-marrow,  and  endothelial  and  other  forms  of  phagocytic  cells 
may  be  found  containing  englobed  parasites  or  their  remains,  e.g.  in 
malaria,  trypanosomiasis,  etc. 

1  Carnegie  Dickson,  Joe  cit.,  p.  62. 
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(3)  Formation,  Nutrition,  and  Absorption  of  Bone.— These  functions 
are  of  great  importance,  but,  foi  the  details  of  such  pn  rence 

must  be  made  bo  special  ph  cal  works  upon  this  subject.    Under 

certain  pathological  conditions,  very  rapid  absorption  of  bone  may  a 
e.g.  in  the  enlargement  of  the  medullary  cavity,  to  allow  of  j^ea- 
for  the  proliferation  and  expansion  of  the  contained  marrow,  a  pn  i 

which    may,    in    some    cases,    take     place    with    great     rapidity.      The 

probability  that  many  conditions  which  have  previously  been  regarded 

as  primary  diseases  of  bone.  c.  g.  osteomalacia, 

deformans,  and   analogous  conditions,   may,  upon  further  r  ion, 

be  found  to  come  under  this  category,  must   be  borne  in  mind;    wh: 
somewhat  similar  absorption  of  bone  is  seen  in  pemiciou  ia. 

(1)  Functions  in  Relation  to  General  Nutrition  and  Especially  with 
regard  to  Metabolism  of  Fat. — Fatty  or  yellow  marrow  is  very  richly 
supplied  with  blood-vessels;  and,  in  fevers,  etc.,  the  fat  may  be 
rapidly  absorbed  from  the  tissue,  which  thus  acts  as  a  store-house  for 
this  substance.  It  is  also  possible  that  the  red  marrow7,  like  many  of  the 
other  glandular  organs  in  the  body,  may  give  rise  to  an  internal  secretion 
of  importance  to  general  nutrition  and  metabolism;  but,  owing  to  the 
impossibility  of  experimentally  eliminating  the  action  of  the  tissue  on 
account  of  its  wide  anatomical  distribution,  it  is  as  yet  difficult  to  prove 
the  truth  of  this  supposition. 

LEUCOCYTOSIS 

A  well-marked  increase  in  the  number  of  leucocytes  is — except  in 
the  case  of  certain  so-called  "  blood-diseases  "  such  as  the  leueoeytluemias 
— termed  a  leucocytosis.  The  normal  number  of  white  cells  in  the  peri- 
pheral blood  is  about  8,000  per  cubic  millimetre.  A  definite  inci< 
say  up  to  11,000  or  12,000,  occu  is  in  some  physiological,  and  in  many  patho- 
logical,  conditions,  and,  in  the  latter,  a  count  of  15,000,  20,000,  i 
per  c.nnn.  may  also  frequently  be  obtained;  whilst,  in  exceptional 
circumstances,   it    may   I  l  to   60,000  or   70,000,  or  more.     Many 

modern  writers  are  inclined  t  !  even  the  leucocythaBmias  as  merely 

very  exc<  md  perverted  forms  of  leucocytosis  due  to  some  unknown 

toxic  agent     I  hough  others  regard  them  as  analogous  bo,  or  even  actually, 
a  diffuse  neoplastic  change  in  the  blood-forming  organs  and  I 

CLINICAL  VARIETIES  OF  LEUCOCYTOSIS.  -These  may  be  divided 
into  those  which  are  respectively  physiological,  experimental  and  thera- 
peutic, and  pathological.  h\  the  first  of  thest  ries  curs  the  leuco- 
cytosis of  digestion,  which  does  not  usually  about  15,000  white 
cells  per  c.nnn..  the  Lymphocytes  being  specially  u  :  the  leucocytosis 
of  the  new-born  infant,  which  may  be  from  14,000  to  2 
the  leucocytosis  of  pregnancy  ( 11  ,000  to  13,000),  and  that  following  partu- 
rition (1  noun  to  12, <>»><>):  and  the  leucocytoses  following  violent  exercise, 
the  use  of  cold  baths,  etc. 
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Certain  experimental  and  therapeutic  measures  may  lead  to  the  pro- 
duction of  leucocytosis  :  for  example,  the  exhibition  of  drugs  and  chemicals 
such  as  the  salicylates,  potassium  chlorate,  phenacetin,  or  the  inhalation 
of  chloroform.  Similarly,  a  considerable  increase  of  leucocytes  may 
occur  after  the  administration  of  certain  animal  extracts,  etc.,  for 
example  of  the  thyroid  gland  and  bone-marrow,  and  more  especially 
after  the  use  of  nucleic  acid,  a  substance  which  has  been  employed  for 
the  artificial  production  of  leucocytosis.  In  surgical  practice,  a  post- 
operative rise  is  very  frequently  observed,  even  in  aseptic  cases.  The 
leucocytosis  produced  by  therapeutic  inoculation  with  certain  bacterial 
cultures  and  toxins  is  identical  in  its  nature  with  the  same  conditions 
produced  by  disease,  and,  therefore,  calls  for  no  further  comment  here. 
In  a  series  of  cases  of  streptococcal  infections  (in  three  of  which  the 
streptococci  were  obtained  by  blood-culture),  which  were  characterised 
by  leucopenia  in  place  of  the  usual  leucocytosis,  Carnegie  Dickson  has 
observed  that  a  therapeutic  leucocytosis  may  be  rapidly  stimulated 
artificially  by  the  intravenous  injection  of  horse-serum,  usually  accom- 
panied by  a  corresponding  improvement  in  the  patient's  condition. 

LEUCOCYTOSIS  PRODUCED  BY  DISEASE.— The  most  important 
variety  of  leucocytosis  due  to  this  cause  is  that  seen  in  the  majority  of 
inflammatory  and  toxic  diseases.  An  increase  of  the  white  cells — more 
especially  of  the  polymorphonuclear  cells — occurs  in  most  of  the  acute 
infective  diseases,  notably  in  pneumonia,  acute  rheumatism,  and  diph- 
theria. Exceptions  to  this  general  rule  are  found  in  the  case  of  typhoid 
fever,  influenza,  measles,  and  also  in  tuberculosis;  and,  if  a  polymorpho- 
nuclear leucocytosis  is  discovered  in  patients  suffering  from  these  diseases, 
the  presence  of  some  complication  such  as  pneumonia,  suppuration,  or 
other  inflammatory  condition,  is  to  be  suspected. 

Inflammatory  and  toxic  leucocytosis  is  found, not  only  when  the  disease 
is  a  general  one,  but  also  when  the  lesion  is  localised,  for  example,  in  local 
inflammatory  and  suppurative  conditions  such  as  abscess,  appendicitis, 
etc.,  and  its  occurrence  is  of  great  value  in  the  diagnosis  of  these  conditions. 

A  rise  in  the  leucocyte-count  may  also  occur  in  certain  parasitic — 
and  probably  at  the  same  time  toxic— diseases.  In  these,  the  increase 
may  specially  affect  varieties  of  white  cell  other  than  the  common  or 
polymorphonuclear  leucocytes.  Thus,  in  many  parasitic  intestinal  and 
skin  diseases,  there  may  be  a  marked  rise  in  the  eosinophil  cells  ;  in  malaria, 
the  large  hyaline  mononuclear  cells  are  increased-  and  bo  on. 

Leucocytosis  may  also  occur  in   poisoning  with  coal-gas,   quinine, 
chronic  lead-poisoning,  etc.;    whilst  the  increase  observed  in 
ptomaine-poisoning  is  analogous  to  the  condition  produced  by  infective 
bacterial  and  other  organismaJ  toxins — the  ptomaines  being  produced 
outside  the  body  by  bacterial  decomposition  in  food,  etc. 

Post-hsemorrhagic  Leucocytosis  is  a  well-recognised  phenomenon. 
Loss  of  blood  stimulates  the  general  hemopoietic  activities  of  the  bone- 


600  SPECIAL  PATHOLOGY 

marrow,  and  leads,  at  first,  to  increased  production  both  of  red  and  of 
white  cells,  i.  e.  both  types  of  blood-celis  produced  by  the  tissue.  Later, 
the  marrow  adjusts  its  output  to  the  particular  circumstances  of  the  case ; 
and  the  special  type  of  change  required — in  this  instance  mainly  an 
erythroblastic  one — is  established,  in  order  to  replace  the  red  oeUfi 
by  the  haemorrhage. 

The  term  "  cachectic  leucocytosis  "  is  not  a  very  fortunate  one.  It 
implies  that  a  rise  in  the  leucocyte-count  is  found  in  many  chronic  wasting 
diseases;  but  these  do  not  form  a  very  definite  group,  and,  in  many 
such  cases,  the  leucocytosis  is  probably  due  to  some  superadded  chronic 
toxaemia,  or  to  local  inflammatory  processes,  etc.  Leucocytosis  is  de- 
scribed by  many  authorities  as  occurring  in  cases  of  malignant  disease  in 
general,  but  it  is  not  a  constant  phenomenon  in  these  [see  p.  623),  and, 
when  present,  is  usually  rather  to  be  regarded  as  an  indication  of  some 
secondary  phenomenon  such  as  necrosis,  ulceration,  and  bacterial  infection. 
In  many  so-called  cachectic  diseases,  the  occurrence  of  leucocytosis  is 
rare,  or  it  does  not  take  place  at  all,  for  example,  in  tertiary  syphilis, 
tuberculosis,  chronic  nephritis,  etc.  Any  marked  increase  of  leucocytes 
in  such  cases  suggests  the  presence  of  some  such  complication  as  local 
inflammation,  suppuration,  necrosis,  or  haemorrhage. 

Terminal  or  Ante-mortem  Leucocytosis. — Sometimes,  a  very  marked 
increase  of  white  cells  in  the  peripheral  circulation  occurs  in  patients  who 
are  moribund.  In  some  instances,  this  may  be  due  to  the  presence  of 
terminal  bacterial  infection  ;  but  a  remarkable  tendency  of  the  polymorpho- 
nuclear cells  to  leave  the  marrow  at  or  just  before  death  has  been  observed 
by  several  writers,  and  no  doubt  accounts  for  the  increase,  in  many  cases, 
of  these  cells  in  the  blood  at  this  period. 

CYTOLOGICAL  TYPES  OF  LEUCOCYTOSIS  :— 

1.  NEUTROPHIL,  POLYMORPHONUCLEAR  or  COMMON  LEUCO- 
CYTOSIS [see  Plate  XIV,  fig.  2).— In  the  great  majority  of  inflammatory 
and  allied  diseases,  it  is  especially  the  cells  of  the  finely-granular  neutro- 
phil series  that  are  increased.  The  cells  of  this  series  found  in  the  blood  in 
such  cases  may  not  be,  and.  in  fact,  most  commonly  are  not,  entirely 
confined  to  the  adult  or  fully-developed  polymorphonuclear  membei 
the  neutrophil  group — though,  as  a  rule,  these  cells  specially  predominate. 
The  immature  intermediate  cells  of  the  series,  and  even  the  parent- 
myelocytes  themselves,  may  occur  in  considerable  numbers;  and  the 
condition  pn  therefore,!]  urately  described  as  a  neutrophil 

leucocytosis.  The  number  of  these  cells,  and  alsotheii  degree  of  develop- 
ment or  maturity,  depend  upon  various  factors.  )  -'cially  upon 
the  nature,  quality,  intensity,  and  duration  of  application  of  the  causal 
irritant,  and  also  upon  fch<  d  vitality  of  the  patient,  and  the  healthy 
condition  or  otherwise  of  the  hemopoietic  tissue  of  the  hone-marrow. 
It  is  largely  upon  these  phenomena  that  tl  'led  Arneth-Count  is 
based,  particular  attention  having  been  directed  by  Ameth  to  the  enum- 
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eration  of  the  number  of  lobes  in,  and  other  characters  of,  the  nuclei 
of  the  polymorphs.  These  lobes  are  reduced  in  number  in  the  more 
immature  cells  of  the  series,  and  vice-versa  (see  also  p.  577). 

Certain  irritants  appear  to  have  the  capacity  of  attracting  leucocytes 
towards  them,  this  phenomenon  being  termed  positive  chemiotaxis;  whilst 
others  do  not  possess  this  power.  (See  also  under  Immunity,  p.  746.) 
In  positive  chemiotaxis,  the  leucocytes  are  attracted  towards  the  seat  of 
irritation,  and  may  pass  from  the  vessels  in  large  numbers.  In  order  to 
meet  the  increased  demand  for  such  cells,  greater  numbers  pass  from  the 
marrow  into  the  blood;  and,  if  the  demand  be  sufficient  in  intensity  and 
duration,  the  blood-forming  tissue  of  the  marrow  proliferates  to  supply 
it,  as  has  already  been  described  on  p.  593.  It  has  also  been  noted  that 
the  occurrence  of  this  leucoblastic  reaction  of  the  bone-marrow  may  be 
prevented  by  previous  degeneration  or  exhaustion  of  the  tissue  by  such 
conditions  as  syphilis,  alcoholism,  etc.  In  these  cases — the  capacity  for 
responding  to  the  increased  call  being  diminished  or  lost — the  supply  of 
leucocytes  may  be  even  less  than  normal.  Absence  of  any  increase  is 
termed  aleucocytosis;  whilst  an  actual  diminution  in  the  normal  leuco- 
cyte-count is  known  as  hypoleucocytosis,  or  leucopenia — these  conditions 
being  not  infrequently  seen  in  pneumonia  occurring  in  alcoholic  subjects 
— pneumonia  with  leucopenia,  a  very  serious  disease  which  usually  leads 
to  a  rapidly  fatal  issue  (see  also  pp.  594  and  603) :  or  in  profound  infections. 

Where  the  demand  is  moderate  and  the  patient  has  been  previously 
in  good  health,  the  leucocyte-count  may  number,  say,  10,000,  12,000,  or 
14,000.  A  more  serious  call,  especially  if  the  patient's  resistance  is  some- 
what lowered,  may  lead  to  an  increase  to  18,000  or  20,000 ;  whilst  in 
severe  cases,  say  of  appendicitis  or  of  pneumonia,  the  count  may  be 
25,000,  30,000,  or  40,000.  In  cases  where  the  resistance  has  been  lowered 
by  previous  disease  or  other  cause,  the  leucocytes  may  reach  the  number 
of  60,000  or  70,000,  or  even  more.  Thus,  in  the  most  serious  cases — 
those  of  severe  disease  in  debilitated  subjects — the  reaction  may  either 
be  deficient  or  absent,  or  it  may  be  excessive  in  amount. 

In  the  milder  forms  of  leucocytosis,  the  increase  is  almost  entirely  one 
involving  the  mature  or  fully-developed  polymorphonuclear  neutrophil  cells, 
though  a  certain  number  of  slightly  immature  forms  are  found.  When  the 
call  is  more  severe,  many  immature  polymorphs,  and  perhaps  some 
intermediate  myelocytes  with  horseshoe-shaped  nuclei,  appear  in  the 
blood ;  whilst  in  very  severe  cases,  e.  g.  of  pneumonia,  it  is  by  no  means 
uncommon  to  find  a  number  of  neutrophil  myelocytes — sometimes  as 
many  as  10  per  cent,  or  more,  at  or  near  the  crisis  in  this  disease.  Large 
numbers  of  myelocytes  are  found  in  the  blood  of  smallpox  cases;  and  in 
serious  or  fatal  cases  of  diphtheria  in  children,  the  occurrence  of  as  many 
as  16  per  cent,  has  been  recorded.  The  presence  of  neutrophil  myelocytes 
is  also  described  in  many  of  the  anaemias,  both  primary  and  secondary, 
and  in  some  cases  of  uraemia,  acute  mania,  diabetic  coma,  exophthalmic 
goitre,  etc.     (See  also  pp.  577  and  600.) 
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2.  LYMPHOCYTOSIS,  or  rel  I  the  lymph  ccurs 

i  lil\    in  infancy  and  in  childhood,  the  lymphoid  tissue   b 
Live  during  the  earl  of  life.    An  increase.'  in  the 

Dumber  of  Ivmphocyl  tally  present  in  whooping-cough,  rickets, 

congenital  syphilis  :    in  certain  chronic  intestinal  infections  :    tad 
also   be  found  in  tuberculosis,  in  which  condition,  however,  it  ii  not 

bant,  no]  be  number  of  such  cells  in  the  blood  appeal 

any  particular  relation  to  the  number  i  lied  lympho  the 

exudates,  e.g.  in  pleuritic  effusion,  in  this  disease.    The  subject  <>f  the 

<>f  lymphocytes  or  Lymphocyte-like  cells  in  Leukaemia  and  in 

some  sarcomatous  tumours  of  Lymphatic  glands  is  dealt  with  in  the 

on  these  diseases  (pp.  610  and  61 1). 

3.  LARGE    MONOCYTOSIS,   or    INCREASE    OF    LARGE    HYALINE 
MONONUCLEAR  CELLS.    -These  may  be  relatively  increased  in  nun. 

ime  diseases,  notably  in  malaria,  in  which  they  are  specially  concerned 
in  the   phagocytosis  oi   the  parasites,  and  arc  frequently  I  to 

tain  pigmenl  derived  from  these  (see  Plate  XIV.  lit:.  1).     An  increase 
of  these  cells  lias  also  been  noted  incases  of  sympathetic  optic  neui 

1.  EOSINOPHILIA.  -As  a  general  rule,  the  number  of  eosinophils 
in  the  circulating  blood  is  diminished  in  most  inflammatory  a: 

ic  diseases.     Thus,  in  pneumonia,  they  are  either  extremeh 

may  entirely  disappear  during  the  course  of  the  fever,  their  re- 
appearance  at  or  after  the  Crisis  being  usually  regarded  as  a  favourable 
phenomenon.    In  certain  di  however,  eosinophilia  or  an  incn 

of  these  cellc  cur,  either  relatively,  or  as  part  of  a  general  increase 

in  the  number o!  white  cells.     Apart  from  myelogenous  leukaemia,  in  which 

a  marked  degr f    relative  eosinophilia  occurs,  these  cells    may  be  very 

tin  parasitic  dig  cample  in  trichinosis, 

and    infection  with  some  intestinal   worms,  such  as  Ankyloston    , 
of  the  tapeworms,  Oxyurie,  Ascaru  luinbri  md  othei  rino- 

philia  is   also  Been,  BOmetim  remarkable    degree,  in   many   skin- 

diseases,  e.g.  pemphi b  eroderma,  psoriasis,  urticaria,  etc.  and 

.  philitie  i  thibitdng  Bpecia]  skin-lesions.    A  peculiar  exception  to 

the  genera]  rule  that  the  eosinophil  Leucocytes  tend  to  be  diminished  in 
numbers  during  febrile  leu< 

perhaps  from  tl.  implication  of  the  skin  in  this  disease.     In 

My  in  bronchial  asthma, these  cells  may  be  i 

rably  increased  in  the  blood,  and  are  also  found  in  large  numbers  in 
the  sputum.    The  occurrence  of  eosinophils   in   \ 

ribed  in  the  Chapter  on  Inflammation  (pp.  17b  to  17!»)-  and,  in  this 
connection,  it  is  noteworthy  that  such  local  infiltrations  with  eosinophils. 
BOmetin*  d  with  their  dimim. 

in,  or  perhaps  even  complete  disappearance  from,  T  pheral  blood. 

No  very  definite  ratio  (  number  of  the  eosinophils  in  the 

I  '■■!•  the  association  of  Eosinophilia  with  hydatid  disease,  m  p.  408. 
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blood  and  in  the  bone-marrow — in  which  tissue  they  are,  in  part  at  all 
events,  produced — has  as  vet  been  made  out.  Thus,  in  some  cases  of 
pneumonia,  where  they  have  entirely  disappeared  from  the  circulating 
blood,  they  may  be  diminished,  unchanged,  or  even  increased  in  number  in 
the  marrow.1 

5.  INCREASE  OF  MAST-CELLS.— The  significance  of  these  cells  is 
not  yet  known.  The  only  condition  in  which  they  ate  specially  increased 
is  myelogenous  leukaemia.  Slight  increase  in  their  numbers  from  time 
to  time  in  the  blood,  in  a  series  of  cases  of  acromegaly,  has  been  observed 
bv  one  of  the  authors. 

MIXED  LEUCOCYTOSIS.— In  many  cases,  several  varieties  of  cells 
may  be  found  in  increased  numbers  in  the  blood. 

NOTE  ON  ALEUCOCYTOSIS  AND  LEUCOPENIA 

(See  also  pp.  594  and  601.) 

Diminution  in  the  numbers  of  white  cells — more  particularly  the 
polymorphs,  but  also  the  lymphocytes — may  be  seen  as  a  transitory 
phenomenon  preceding  the  establishment  of  leucocytosis  in  many  of  the 
acute  diseases.  This  may  be  due  to  two  different  sets  of  causes  :  (1)  the 
cells  may  be  partially  withdrawn  from  the  peripheral  circulation,  and  thus 
not  be  found  in  their  usual  numbers  in  the  drop  of  blood  examined,  an 
accumulation  taking  place  in  some  of  the  internal  organs — especially  in 
the  capillaries  of  the  lung — or  in  some  of  the  other  tissues  of  the  body  ;  2 
or  (2)  there  may  be  defective  formation,  and  hence  defective  replacement, 
of  those  in  the  circulation.  In  the  latter  case,  this  deficient  reaction  may 
persist,  if  the  infection  is  specially  virulent,  or,  as  has  been  said  above, 
if  the  patient  is  enfeebled  and  his  blood-forming  tissues,  especially  the 
bone-marrow,  be  exhausted,  as  for  example  in  alcoholic  or  in  syphilitic 
subjects,  or  in  old  persons — these  cases  usually  having  a  fatal  termination. 
The  absence,  without  any  very  obvious  cause,  of  leucocytosis  in 
certain  streptococcal  cases — although  an  inflammatory  leucocytosis 
is  the  general  rule  in  the  acute,  and  especially  in  suppurative,  strepto- 
coccal infection-  lias  already  been  noted  above  (p.  599),  together  with 
the  observation  that  a  marked  leucocytosis  can  usually  be  rapidly 
established  in  such  cases  by  the  intravenous  administration  of  hoise- 
senim.  Mention  has  already  been  made  of  certain  acute  infective 
diseases  in  which  leucocytosis  does  not  occur,  viz.  acute  miliary  and  other 
uncomplicated  forms  of  tuberculosis,  typhoid  fever,  influenza,  measles, 
etc.  Diminution  in  the  number  of  white  cells  occur-  in  seine 
starvation  and  malnutrition,  e.  g.  in  cancerous  stricture  of  the  oesophagus  : 
and  also  in  pernicious  anaemia,  in  splenic  anaemia,  and  in  some 
severe  secondary  anaemias,  e.g.  those  resulting  from  rickets,  syphilis, 
haemorrhage,  etc. 

1  Carnegie  Dickson,  lor.  n't..  Appendix  II.  e  footnote,  pp.  ."7<>-7. 
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SPECIAL  PATHOLOGY   OF  THE   BLOOD   AND 
BLOOD-FORMING   ORGANS 

Borne  of  the  more  important  pathological  alterations  in  the  blood  now 
fall  to  !"•  described.     Many  of  these  are  recognised  to  be  the  results  of 

ions  on  the  part  of  the  hemopoietic  or  blood-forming 
produced  by  the  action  of  various  toxic  substances  of  known  or  unknown 
origin-  -for example,  the  toxins  of  bacteria,  animal  parasites,  etc.,  and  also, 
n  i>  supposed,  certain  poisons  generated  by  perverted  metabolic  pi 
within  the  tissues   and   organs  of  the   patient  himself.     In   any   g 

s  of  processes  must  be  considered.     Firstly,  what  may  be 

tided  as  the  physiological  reaction  of  the  blood-forming  tissues,  in 
order  to  combat,  and,  if  possible,  to  neutralise,  the  effects  of  disc 

idly,  the  pathological  or  harmful  effects  upon  the  haemopoietic  tissues 
of  the  poison  or  irritant,  producing  aberrations,  it  may  be.  in  the  functions 
of  these  tissues,  varying  in  nature  and  in  degree,  or  perhaps  even  causing 
their  wide-spread  destruction.  Thus,  the  anaemias  are  conditions  in 
which  the  erythroblastic  functions  of  the  marrow  are  overstrained  or  not 
fully  developed,  imperfect,  or  inadequate  to  meet  the  demands  made  upon 
this  tissue  by  the  excessive  and  increasing  blood-destruction.  In  si 
cases,  as  in  pernicious  anemia,  the  hemopoietic  functions  of  the  marrow 
are  also  perverted.  In  the  leucocythaemias  or  leukaemias,  then 
»r,  <>f  unknown  nature,  which  stimulates  the  blood-forming 

i dally  the  marrow,  to  produce  enormous  numbers  of  immaturi 
otherwise  aberrant  white  cells.    Thus,  in  the  consideration  of  any  of  the 

ailed  "  primary  diseases  of  the  blood,"  it  is  alwi  ribk  to  refer 

the  abnormal  phenomena  found  to  some  antecedent  pathological  process 
in  the  haemopoietic  tissues.  Where  a  definite  cause  of  this  antecedent 
process  has  been  discovered,  c.  g.  the  p  parasitic  or  bacterial 

infection,  neoplasm,  etc.,  the   blood-condition  is  usually  spok 
secondary;  whilst,  if  no  such  cause  b  red,  the  diseai 

snnietii!,'  fied  BS  B  primary  disease  of  the  blood  and  blood-forming 

In  this  connection  H  >urse,  obvious  that .  as  our  knowl 

increases,  all  such  morbid  conditions  of  the  blood  will  in  time  b 
to  be  "secondary."  i.e.  due  definite  Alter 

this  preliminary  note,  the  detailed  consideration  <»f  these  so-called  prin 
and  secondary  conditions  <>f  the  1>1".m1  may  be  ,ii 
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LEUCOCYTH/EMIA   OR   LEUKEMIA 

Leucocythaemia  or  leukaemia  is  a  disease,  or  rather  a  group  of  diseases, 
of  unknown  origin,  characterised  by  an  increase — often  to  an  enormous 
degree — of  the  leucocytes  in  the  blood,  and  usually  shewing  aberrant  or 
abnormal  types  of  blood-cell :  characterised  also  by  certain  clinical 
symptoms  such  as  progressive  weakness,  wasting,  hemorrhages  from  the 
nasal  and  other  mucous  membranes,  etc. :  and  by  well-marked  patho- 
logical changes  in  certain  organs  and  tissues. 

The  disease  was  described  by  Hughes  Bennett,  in  1841,  as  "  leuco- 
cythaemia  "  or  "  a  condition  of  the  blood  resembling  suppuration,"  this 
"  pyoid  "  condition  of  the  blood  being  accompanied  by  enlargement 
of  the  liver  and  spleen.  A  few  weeks  later  in  the  same  year,  Virchow 
described  a  case  of  what  he  called  "  weisses  Blut "  or  "  Leukaemia,"  and  he 
distinguished  clearly  between  this  condition  and  true  pyaemia,  emphasising 
the  presence  of  the  characteristic  pathological  changes  in  the  haemopoietic 
tissues.  Later,  Virchow  divided  the  cases  into  splenic  and  lymphatic 
varieties,  the  bone-marrow  at  that  time  not  having  been  yet  recognised 
as  a  leucocyte-producing  tissue.  In  1879  and  1880,  Ehrlich's  discoveries 
in  connection  with  the  bone-marrow  and  the  types  of  blood-cells 
originating  in  it,  led  to  the  classification  of  these  diseases  into  : — 

(a)  Spleno-Medullary  or  Myelogenous  Leukaemia  (Myelocythaemia). 

(b)  Lymphatic  Leukaemia  or  Lymphocythaemia. 

An  enormous  amount  of  research  has  since  been  carried  out  in  connec- 
tion with  these  diseases,  and  all  intermediate  gradations  between  these 
two  main  types  have  been  observed,  as  well  as  certain  atypical  forms — 
amongst  them  cases  which  appear  to  be  more  or  less  intermediate  between 
the  leukaemias  and  such  diseases  as  Chloroma  and  Sarcoma,  as  well  as 
leukaemias  in  which  the  usual  blood-picture  is  absent  (Pseudo-Leukaemia 
— the  so-called  "  Leukamie  ohne  Leukamie  "  of  some  German  writers). 
We  shall  content  ourselves  with  the  description  of  the  two  main  recognised 
types  mentioned  above. 

1.  SPLENO-MEDULLARY  OR  MYELOGENOUS  LEUKAEMIA, 
OR  MYELOCYTHJEMIA 

This  variety  is  said  to  be  commoner  than  the  Lymphatic  form,  and 
usually  lasts  from  two  to  five  years,  though  more  acute  cases  occasionally 
occur. 

The  aetiology  of  the  disease  is  still  quite  unknown.  Age,  sex,  and 
heredity  appear  to  have  an  undoubted  influence  on  its  occurrence,  the 
condition  being  distinctly  commoner  in  males,  especially  during  middle 
age.  Pregnancy,  trauma,  influenza,  syphilis,  tuberculosis,  malaria. 
rickets,  and  many  other  conditions  have,  in  individual  cases,  been  alleged 
as  predisposing  causes ;  whilst  some  authorities,  with  considerable  justifi- 
cation, regard  the  disease  as  a  reaction  of  the  blood-forming  organs,  pro- 
duced  by  some  infective  or   toxic   agent  of  unknown   nature.     Many, 
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however,  still  hold  that  it  is  a  "  prima]  of  the  hsamopoietio 

-  and  tissues— possibly  neoplastic  in  na4 

Pathological  Changes  in  the  Blood.- -  Tin-  colour  o!  the  blood  may 
be  little  altered  in  the  less  extreme  cases,  or  it  may  be  distinctly  paler 

than  normal.     It  mav  be  more  watery  in  to  the  aac 

ated  ami'inia.  and  coagulation  is  usually  del  lometime 

The  alkalinity  of  the  blood  may  be  diminished;  and  the 
death,  of  "  Chaxeot-Leyden  "  octahedral  crystals  bed. 

The  white  cells  arc  enormously  increased  in  numbers.  e.g.  from  loo ,000, 
150,000,  or  200,000  in  cases  of  moderate  degree,  up  ooo  or  , 

000  or  more  in  severer  cases.1    The  numbers  usually  \  rably 

from  time  to  time  during  the  course  of  the  disease,  and  even  at  diffe 
periods  of  the  day.  temporary  remissions  and  relapses  being  of  beq 
occurrence.    A  fall  in  the  leucocyte-count  is  often  observed  jusi 
death,  and  a  similar  fall  may  occur  from  the  supervention  of  BOme  inter- 
current acute  disease,  such  as  pneumonia.     The  varieties  of  white  cells 
specially  increased  are  those  of  the  granular  series,  i.  e.  (i)  the  polymorpho- 
nuclear neutrophil   leucocytes,  the   marrow-cells   from  which   they   are 
derived,  and  the  cells  intermediate  between  them  in  development,  (ii)  the 

sely-granular  eosinophil  cells,  and  (iii)  the  mast-cells.    Lymphoc 
like  cells  mav  also  be  increased  in  absolute,  but  usually  not  in  relative, 
numbers.    {See  Plate  XIV,  fig.  3.) 

The  relative  numbers  of  the  adult  and  of  the  immature  members  of 
the  neutrophil  series  vary  considerably  in  different  cases,  and  also  during 
the  course  of  the  disease  in  individual  patients,  both  treated  and  untreated. 
All  forms,  from  the  non-granular  myeloblasts  or  pre-myelocytes,  and  the 
large  granular  myelocyte  of  Cornil — through  the  intermediate  myekx 
and  immature    polymorph  cells — down  to  the   fully  developed    or   adult 

polymorphonuclear  leucocyte,  are  found.  The  earlier  members  of  the 
series-— the  myelocytes— -average  35  per  cent,  of  the  Leucocytes  present, 
though  in  some  cases  they  may  be  more  numerous.  They  may  number 
as  many  as  loo.ooo  or  more  per  cmni.,  and.  as  they  in<  the  poly- 

morp  tally  about  50  per  cent,  of  the  total  Leucocyte  it — may 

adingly  diminish  in  numbers.  One  of  the  most  notable  features 
of  myelocythflsroic  blood  \s  the  large  number  of  eosinophil  cells  which 
are  often  pre  </.  5  or  L0  per  cent,  being  quite  a  usual  number.    A 

iderable  proportion  of  them  may  be  eosinophil  myelocytes,  chara 
bed  by  their  larger  size  and  single  rounded  nucleus.    These  latter,  how- 

.  are  never  so  numerous  as  the  neutrophil  myelocyte 

in  mast-cells  is  a  very  constant  phenomenon,  and  is  more  marked  in  this 

disease  I  ban  u  any  other  known  condition--  counts  of  30,  and  even  l<».  per 
cent,  having  been  recorded  in  some  It  will  be  noted  tl 

figures,  being  percei  I  what  is  often  a  very  I  J  Leucot 

count,  represent  very  considerable  absolute  numbers  lor  the  individual 

of  cells  mentioned. 
1  it  must  l»r  borne  in  mind  that  th'  d  are  f<>r  blood  drawn  from 

the  peripheral  circulation  only. 
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The  red  corpuscles,  at  first  often  not  seriously  affected,  become 
progressively  decreased  in  numbers  as  the  disease  advances.  This 
decrease  may,  however,  be  comparatively  slight  in  cases  of  moderate 
severity,  e.g.  to  3,000,000,  or  in  severer  cases  perhaps  to  2,000,000  per 
c.mm.  In  fatal  cases,  the  number  may  be  even  under  1,000,000.  The 
haemoglobin  is  diminished  in  proportion .  Nucleated  red  cells  are  frequently 
seen  in  considerable  numbers,  and  are  mainly  normoblasts.  In  the  later 
stages  and  in  severe  cases,  alterations  in  shape  (poikilocytosis)  and  size 
(anisocytosis),  and  various  degenerative  phenomena  such  as  fragmentation 
of  the  nucleus,  may  be  observed. 

Blood-plates  are  often  increased  in  number. 

Changes  in  the  Organs  and  Tissues  : — 

Bone-Marrow. — The  change  in  the  bone-marrow  is  essentially  a 
leucoblastic  reaction,  with  increased  production  of  the  granular  series  of 
white  cells,  neutrophil,  eosinophil,  and  basophil.  The  activity  of  the 
red  marrow  is  enormously  increased,  and  the  fatty  marrow  is  completely 
transformed  into  actively  hemopoietic  tissue.  To  the  naked  eye,  the 
marrow,  owing  to  the  enormous  numbers  of  white  cells  present,  usually 
shews  a  thick  fluid,  pale,  homogeneous,  creamy  appearance,  very 
much  resembling  pus — the  so-called  "  pyoid  "  or  "  puriform  "  marrow, 
the  colour  varying—usually  yellowish,  sometimes  pinkish-yellow,  and 
occasionally  greenish-yellow.  In  old-standing  cases,  especially  in  elderly 
patients,  atrophic  and  degenerative  changes  tend  to  supervene,  the  active 
marrow  becoming  transformed  into  inert,  translucent,  gelatinous  material, 
which  may  be  pale  yellow  to  dark  red  in  colour,  or  may,  in  some  cases, 
present  a  patchy  mixture  of  these.  On  microscopical  examination,  the 
marrow  from  a  typical  case  of  myelogenous  leukaemia  shews  an  enormous 
increase  in  neutrophil  myelocytes  especially,  but  also  in  eosinophils  and 
mast-cells.  In  freshly  prepared  films,  evidence  of  this  active  prolifera- 
tion is  also  shewn  by  the  presence  of  very  numerous  mitotic  figures  in 
these  cells.  Along  with  this  enormous  increase  in  granular  white  cells,  a 
corresponding  decrease  or  atrophy  occurs  in  the  erythroblastic  elements, 
some  of  which  may  pass  into  the  blood-stream  while  still  nucleated. 
Large  blood -destructive  or  hsemolytic  phagocytic  cells  are  usually  present 
in  large  numbers.  The  fat -cells  are  greatly  diminished,  and  may  have 
even  entirely  disappeared.  The  megakaryocytes,  or  giant-cells,  though 
often  smaller  in  size  than  normal,  are  frequently  increased  in  number. 

Spleen. — This  organ  is  almost  invariably  enlarged — as  a  rule,  greatly 
so,  especially  in  the  more  chronic  cases.  It  usually  maintains  a  com- 
paratively normal  shape,  the  notches  being  very  distinct.  It  may  weigh 
from  five  to  eight  or  even,  in  some  cases,  over  eighteen  pounds;  and  it 
may  measure  eight  or  ten  up  to  over  twenty  inches  in  length,  its  lowei 
extremity  (unless  anchored  by  previous  adhesions  or  by  an  abnormally 
developed  costo-colic  fold  of  peritoneum,  in  which  case  the  enlargement 
may  take  place  upward),  usually  passing  downwards  and  to  the  right, 
and  often  coming  to  lie  in  the  right  iliac  fossa.     The  capsule  may  be 
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thickened,  usually  irregularly,  from  recurn  splenitis; 

and  then   are,  frequently,  adl.  mounding  structures.    The 

Bpleen  is  firm  and  hard,  and  usually  a  number  of 

ellowifih-white,  bom  of  infarction,  i 

probably  produced  by  thrombosis,    Old  infarcts,  undergoing  partial  or 
complete  absorption,  may    j  mt.     On  section,  the  spleen-tissue — 

unless  softened  by  terminal  septic  infection  tooth,  an  '.hat 

dry  and  linn,  its  colour  varying  in  difiei  es,  but  beii 

inonly  of  a  homogeneous  pinkish  or   pale  red  tint;    and  the  Ifalpighisn 
ired  and  cannot  usually  be  distinguished.     Microscopic- 
ally, the  changes  in  the  enlarge  en  vary  considerably  in  different 
a  and  at  different  stages  of  the  disease.    In  the  early  stages,  there  is 


/•  in  M i/'hxi/l/to "nt id.     Large  numbers  of  cells,  ehietlv  myelocytes,  are  seen 
between  the  COlumni  of  liver-colls— nio.>tly  within  tho  capillaries.      x400. 

marked  cellular  increase  ;  whilst  later,  various  degenerative  processes, 
especially  fibrous  overgrowth  of  the  adenoid  reticulum,  supervene,  both  in 
the  Malpighian  bodies  and  in  the  pulp.     In  the  latter,  tl  usually, 

marked  proliferation  and  phagocytic  activity  on  the  part  of  the  endothelial 
cells  lining  the  sinuses.  -lis  may  attain  large  d\\. 

and  frequently  shew  marked  increase  in  their  normal  functions  of  destroy- 

i  blood-corp  as  well  as  members  of  the  abnormally 

increased  leu  The  pulp  and  it  3  contain 

nucleated    led   cells  in   excess  of  the  ■  nt    in   the  circulating   blood. 

There  is  no  evidence  that    this  i  a  due  to  any   local  formation  of 

Us,   and   it   is  much  more  likely  that    they   have   been  sifted   or 

filtered  out  from  the  blood  as  abnormal,  preparatory  to  their  destruction 
by  the  phagocytic  cells.    It  is  probable  that  the  myel 
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in  considerable  numbers,  are  similarly  in  process  of  destruction.  In  the 
spleen,  there  are  thus  hyperplasia  and  increased  activity  of  its  pulp-cells, 
an  accumulation  and  destruction  of  the  abnormal  blood-cells,  and  a  pro- 
gressive atrophy  and  fibrosis  of  its  component  tissues.  The  conditions  in 
this  organ  are,  therefore,  to  be  regarded  as  effects,  rather  than  as  a  cause, 
of  the  disease,  the  organ  acting  as  a  filter  and  destroyer  of  the  abnormal 
blood-cells.  Under  X-ray  treatment,  temporary  diminution  in  the  size 
of  the  organ  may  be  produced. 

Liver. — This  organ  is  usually  considerably  increased  in  size,  but  not, 
as  a  general  rule,  to  such  an  extent  as  in  lymphocythaomia.  It  is  pale 
in  colour,  the  capillaries  between  the  columns  of  liver-cells,  and  also 
the  connective-tissue  framework,  e.  g.  of  the  portal  tracts,  being  crowded 
with  granular  myelocytes  and  polymorphs,  many  of  the  latter  being  very 
immature.  These  are  said  by  some  to  be  an  "  in  nitration  "  or  mechanical 
lodgment  of  increasing  numbers  of  such  cells  from  the  blood ;  but  other 
and  more  recent  observers  believe  that  actual  proliferation  by  mitotic 
division  occurs  in  situ,  and  that  the  condition  is  a  return  to  the  hsemo- 
poietic  activity  exhibited  by  the  liver  during  fce^al  life.  Occasionally, 
localised  tumour-like  nodules  of  such  cells  may  occur. 

Lymphatic  Glands. — These  do  not,  as  a  rule,  exhibit  any  general 
enlargement  in  this  variety  of  leukaemia,  though  such  enlargement  may 
be  seen  in  some  of  the  so-called  "intermediate"  cases.  The  glands  usually 
shew  a  certain  degree  of  hyperplasia,  more  especially  of  the  phagocytic 
endothelial  cells  lining  the  lymph-sinuses. 

Kidneys. — These  organs  are  generally  somewhat  enlarged,  pale,  and 
often  fatty.  Microscopically,  their  capillaries  and  connective-tissue 
framework,  e.g.  between  the  tubules,  are  crowded  with  myelocytes. 
Similar  accumulation  of  these  cells  may  also  be  seen  in  the  capillaries  of 
the  lungs,  heart-muscle,  and  elsewhere. 

Haemorrhages,  especially  from  mucous  membranes,  frequently  occur. 
Death  may  result,  in  such  cases,  from  large  cerebral  haemorrhages  or  from 
haemorrhage  into  the  lungs;  though  extravasation  of  blood  into  other 
internal  organs  is  not  so  common  as  in  lymphocythaemia. 

2.  LYMPHATIC  LEUKAEMIA   OR   LYMPHOCYTHAEMIA 

This  is  said  to  be  less  common  than  the  myelogenous  form,  in  the 
proportion  of  one  to  ten,  but,  since  the  recognition  of  the  occurrem 
an  acute  type  of  the  disease,  larger  numbers  of  cases  of  lymphocythcemia 
have  been  reported,  and  the  disease,  especially  in  its  acuter  forms,  is  by 
no  means  very  rare  in  adolescents,  children,  and  infants.  Under  the 
general  term  lymphatic  leukaemia,  it  is  probable  that  several  closely  allied 
conditions  are  at  present  described;  and.  as  already  mentioned,  certain 
cases  appear  to  be  intermediate  in  type  and  to  form  a  link  between  the  two 
main  forms  of  the  disease— myelogenous  and  Lymphatic.  Further,  in 
each  of  these,  but  especially  in  the  case  of  lymphocythaemia,  then 
39 
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acute  and  chronic  varieties,  varying  in  their  duration  from  a  few  \\ 

lip  to  76818. 

Blood.  —There  is  an  enormous  increase  of  "  lymphocytes,"  or  lympho- 
cyte-like cells,  whose  characters  are  ^distinguishable  from  -  |  the 
lymphocytes  of  normal  blood  [see  Plate  XIV.  fig.  I),  The  cell  tally 
of  the  small  variety,  and  these  may  constitul                 bty  or  ninety  per 

cent,  of  the  total  leu*  runt.    They  are, however,  son  of  larger 

size,  e.  (j.  from  in  to  15  /'  in  diameter;  and  these  cells  may,  in  ran 
predominate,  especially  in  some  of  the  more  acute  forms  of  the 
The  total  number  of  lymphocytes  dnv>  not  usually  exceed  about  Inn ,000, 
though,  occasionally,  much  higher  numbers  may  be  met  with. 

in  certain  intermediate  cases  above  referred  to.  there  is,  usually.  00 

i  ending  u  of  polymorphonuclear  cells  and  myelocytes,  < 

neutrophil  or  eosinophil,  or  of  mast -cells,  which  may  be,  and  usually 
diminished  in  numb 

Erythrocytes. — The  red  corpuscles  are  affected  in  much  the  same  way 
as  in  myelocythsemia,  except  that  nucleated  forms  are  usually  few  in 
number,  or  even  absent,  until,  at  all  events,  comparatively  late  in 
the   course   of  the  disease.     They  may,   as  in   any  profound   anaemia, 

n  to  appear  when  the  erythrocytes  have  become  reduced  to  less  than 
half  their  normal  number. 

Blood-Platelets  tend  to  be  diminished  in  numbers  in  this  variety  of 
leukaemia,  rather  than  increased  as  in  myelocythaemia. 

The  Bone-Marrow  usually  shews  great  "  infiltration  "  with  lympho- 
like  cells,  and  a  corresponding  diminution  or  even,  in  large  ai 
a  disappearance  of  the  other  elements  normally  present.  This  form  of 
leucoblastie  change  is  often  extremely  irregular  in  its  distribution,  giving 
a  characteristic  patchy  red-and-white  appearance  to  the  marrow  on 
on.  Degenerative  changes  may  supervene  later.  As  to  the  nature 
of   these   lymphocyte-like   cells,   opinion    vai  atly.    Some    regard 

them  as  an  inliltration  of  the  tissue  by  cells  produced  elsewhere,  e.g.  in 
the  lymphatic  glands;    but  oppo  f  this  then-  point  out  that  the 

marrow  is  often  extensively  affected  in  where  these  glands  shew 

little  or  no  change.  Lately,  the  view,  with  which  we  are  strongly 
inolined  to  agree,  that  these  cells  are,  in  reality,  earlier  members  of 
the  myelocyte  series,  ha  ground,  and  it   is  believed  that  the 

lymphocyte-like  cells,  especially  the  larger  varieti  -imply  non- 

granular pre-myelocytes  or   myeloblasts,   i.e.  myelocytes  in  which  the 

auks  have  not  vet  developed.  In  some  cases  of  myeJocythntnia, 
many  of  the  myelocytes  may  be  extremely  poor  in  granules,  and  B 

may  ha\  distinguishable,  ill  which  case  the  cell  closely  resembles 

the  '"large  lymphocyte  "  of  lyinphocvt  ha-mia.  Megakaryocytes  tend  to 
be  diminished  in  numb. 

Spleen.  tgan  is  noi  so  profound]  1  as  in  myelogenous 

leuka'inia.    H  enlarged,  it  is  usually  only  moderately  so.    Its  pulp  is 
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crowded  with  the  lymphocyte-like  cells,  and,  in  some  cases,  the  Malpighian 
bodies  are  enlarged  and  hyperplastic,  sometimes  in  marked  degree. 

Lymphatic  Glands. — Li  certain  cases,  there  may  be  wide-spread  enlarge- 
ment supervening  early  in  the  course  of  the  disease,  or  the  enlargement 
may  affect  only  one  or  more  groups  of  glands,  e.g.  the  cervical,  the 
axillary,  the  inguinal,  the  prevertebral,  or  the  mesenteric;  and,  in 
several  cases  observed  by  one  of  us,  the  glands  at  the  hilus  of  the  liver 
have  been  specially  affected.  More  commonly,  two  or  more  of  these 
groups  are  involved.  In  other  cases,  the  glandular  enlargement  is  not  a 
marked  feature  of  the  disease.  Occasionally,  the  lymphatic  enlargement 
is  local  onlv,  and  may  resemble,  say,  a  mediastinal  tumour  of  the  nature 


«. 


Fig.  2S2. — Liver  in  Li/mphocj/thoemia.     Shewing  the  infiltration  with  small 
Lymphocytes."      X  400. 


of  a  lymphosarcoma.  This  variability  in  the  pathological  condition 
of  the  lymphatic  glands  suggests  the  probability  that  a  group  of  allied 
diseases  is  in  reality  being  dealt  with,  in  some  of  which  the  condition  is, 
apparently,  primary  in  lymphadenoid  tissue  :  in  others,  in  the  bone- 
marrow:  whilst,  in  a  third  variety,  both  of  these  structures  may  be  affected. 
The  Liver  and  the  Kidneys  are  often  very  markedly  enlarged — much 
more  so  than  in  the  myelogenous  type — there  being,  sometimes,  an  enor- 
mous "  infiltration  "  of  the  tissues  with  lymphocytes,  or  even  the  appear- 
ance of  irregular  nodules  and  masses  of  adenoid  tissue  resembling  tumour- 
growth.  Such  organs  may  exhibit  a  uniform  dead-white  appearance, 
but  often  white  lines  of  "  infiltration  "  may  be  seen  along  the  blood-v- 
and  in  the  connective-tissue  framework.     Other  oi  <j.  the  heait 

and  lungs,  may  also  shew  similar  change 
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Multiple  Haemorrhages  may  occur.     Th  rule,  not  so  pro- 

as in  the  myelogenous  type.    They  are  often  wide] 
may  be  found,  for  example,  in  the  skin,  ki  forged  lymphatic  glands, 

etc.    In  some  cases,  they  maj  be  absent. 

When  the  anaemia  becomes  pronounced,  fatty  change,  in  varying 
degree,  is  found  in  the  organs. 

These  leucocythaemic  diseases,  therefore,  bear  a  resemblance,  on  the 
one  hand,  to  infective  conditions  produci  and  aberrant  I 

of  leukocytosis,  and,  on  the  other,  to  diffuse  tumour-like  conditions  afl 
Ulg  the  [Hemopoietic  and  other  tissues  and  01  The  ultimate  nature 

of  their  causation  is  as  yet  quite  unknown. 

POLYCYTHEMIA  RUBRA,  CYANOSIS,  ERYTHREMIA,   ETC. 

The  Red  Blood-Corpuscles  may  be  increased  in  number  in  a  variety 
of  conditions.  Apart  from  the  temporary  concentration  of  the  blood 
in  severe  diarrhoea,  etc.,  such  increase  may  be  in  order  to  meet  an  « 
demand  for  oxygen-carrying  capacity  on  the  part  of  the  blood,  as,  for 
example,  at  high  altitudes,at  which  the  atmosphere  Is  rarer  and  its  oxy  „ 
content  therefore  less  per  unit  of  bulk.  All  vertebrates,  man  included, 
living  on  high  mountain-ranges  or  plateaux,  possess  a  number  of  red 
corpuscles  in  excess  of  the  normal,  and  a  temporary  visit  to  high  alti- 
tudes, or  even,  it  is  said,  an  ascent  in  an  aeroplane  or  air-ship,  may  give 
rise  to  a  transitory  increa 

Polycythaemia  and  Cyanosis  may  also  result  from  the  respii. 
embarrassment  of  heart-  and  lung-diseases,  and  is  often  well  marked  in 
certain  cases  of  congenital  heart-disease,  such  as  patency  of  the  foramen 
ovale,  ductus  arteriosus,  etc.  In  such  cases  of  Congenital  Cyanosis,  the 
red  corpuscles  may  be  eight,  ten,  or  even  twelve  or  more  million  per 
e.mm.  Lesser  degrees  of  polycythemia  may  be  found  in  mitral  stei 
and  other  forms  of  acquired  heart- 1 

iii  addition  to  the  above  forms,  another  variety  of  polycythaamia, 
of  unknown  origin,  is  now  recognised.  This  has  been  variously  termed 
Erythraemia,  Splenomegalic  Polycythaemia,  Erythrocytosis  Megalosplenica, 
Vaquez's  Disease,  Osier's  Disease,  etc..  the  first  of  these  names,  applied 
to  11    by   Odei'.  who  has  called  special  attention  to  the  condition,   b 

perhaps  the  most  suitable.    The  disease  I"  tially  in  middle  life. 

being  of  slow  onset  and  affecting  both  sexes  equally.    The  red  corpuscles 
may  number  eight,  ten.  or  even  over  thirteen  million,  the  a 
ten  million,  per  cmm.,  and  the  haemoglobin  115  to  L60  or  even  200  per 
(••Mit..  though  the  colour-index  is  usually  bdow  unity.    The  total  qui 
of  leucocytes  maw  or  may  not,  be  b  in  about  half  tin-  recorded 

cases  it  was  over  20,000  cmm.  -but  the  polymorphonuclear  cella 
usually  rdativdy  increased  and  may  constitute  80  percenl  I  the 

whole,  the  lymphocytes  being  proportionately  reduced  in  then 
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Myelocytes  and  nucleated  reds  occasionally  appear,  and  the  blood-platelets, 
as  a  rule,  shew  an  abnormally  high  count.  The  total  volume  of  the 
blood  is  increased. 

The  bone-marrow  shews  a  profound  erythroblastic  change,  and  the 
spleen  is  usually  (though  not  invariably)  greatly  enlarged,  and  may  shew 
infarcts.  The  visceral  blood-vessels,  especially  those  of  the  liver,  are 
usually  much  engorged. 

The  cause  of  the  disease  is  unknown,  but  the  condition  appears  to  be 
somewhat  analogous  to  the  leucocythaemias,  the  reaction  of  the  marrow 
being  here  erythroblastic  instead  of  leucoblastic.  The  enlargement  of  the 
spleen  is  due  probably  to  its  efforts  to  cope  with  the  destruction  of  the 
abnormally  numerous  red  cells  in  the  blood — analogous  to  the  leucocyte- 
destruction  in  the  leucocythsemias.     (See  also  p.  660.) 

"  Enterogenous  Cyanosis  "  has  already  been  considered  (p.  575). 


ANEMIA 

Introduction. — The  term  Anaemia  has  been  applied  somewhat  loosely 
to  denote  a  variety  of  conditions,  of  which  the  following  are  the  most 
important : — 

1.  Local  Anaemia  or  Ischaemia,  i.e.  where  the  local  blood-supply  of 
an  area  is  diminished,  or,  it  may  be,  entirely  cut  off.  This  condition  is 
described  under  Disturbances  of  the  Circulation  (pp.  119  el  seq.). 

2.  Deficiency  of  the  Total  Amount  of  Blood  in  the  Body,  or  Oligaemia. 

3.  Diminution  in  the  Number  of  Red  Blood-Corpuscles,  or  Oligocythaemia 
Rubra. 

4.  Diminution  in  the  Amount  of  Haemoglobin  (Achromatosis  or 
Haemoglobanaemia),  either  absolutely,  or  relatively  to  the  number  of  red 
cells. 

It  is  to  the  last  three  of  these,  which  are  morbid  conditions  of  the 
blood  itself,  that  attention  must  be  given  here;  and,  in  any  individual 
case,  one  or  more  of  these  may  be  present  at  the  same  time. 

Anaemias  have  been  divided  into  those  the  cause  of  which  is  known, 
and  which  are  therefore  termed  secondary  anaemias;  and  those  of  unknown 
or  obscure  origin,  which,  for  lack  of  more  precise  knowledge  of  their 
causation,  are  provisionally  termed  "  primary  "  or  "  idiopathic." 

I.— ANAEMIAS  SECONDARY  TO  SOME  KNOWN  CAUSE 

Many  possible  causes  of  anaemia  might  be  enumerated,  but  a 
description  of  the  following  types  of  secondary  anaemia  will  Buffice. 

Anaemia  from  Loss  of  Blood,  for  example  in  traumatic  baemorrh; 
perforation  of  a  vessel  by  ulceration  (e.  g.  in  the  wall  of  a  phthisical  eavit  v , 
or  in  the  base  of  a  gastric  or  duodenal  ulcer,  etc.),  post-pamun  haemorrhage, 
metrorrhagia,  hsematuria.  haemorrhages  from  mucous  membranes,  etc. 
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The  results  of  il  .rally,  vary  greatly  with  tin*  amount 

and  frequency  of  the  lueinonh.i  _ 

The  immediate  danger  of  a  single  large  haemorrhage  i  bom 

lowered  blood-pressure.    A  fatal  issue  may.  perhaps,  I  1  by  making 

up  the  bulk  of  the  blood  by  t  ransfosion,  int  ravenously,  or  into  the 

witli  sterile  saline  solution.     Where  this   IS   not    done,   and   when  <!• 

not  Bupervene,  the  lowered  pressure  within  the  vasculai 

induces  rapid  transudation  of  the  lymph  from  th<  -  into  the 

and  the  total  bulk  of  the  blood  may  be  comparatively  rapidly  re 

sufficient  fluid  IS  available.     The  blood  is  at  first,  theiefo 

r,  the  bone-marrow  and  other  blood-forming  organs  take  on  increased 
activity  in  order  to  replace  the  lost  blood-cells.  As  has  already  been 
mentioned  in  the  section  upon  blood-formation  in  the  bone-marrow, 
when  such  an  erythroblastic  reaction  is  brought  about,  all  the  hsxnop 
activities  <»f  the  tissue  are  stimulated,  before  the  marrow  steadies  down, 
as  it  were,  to  produce  the  special  type  of  blood-cells  required,  in  this 
more  particularly  the  erythrocytes.  In  this  way  is  explained  the 
occurrence  of  post-haemorrhagic  leucocytosis,  as  it  is  called,  which  is 

bically  a  constant  phenomenon  in  such  cases,  the  increase  being 
mainly  of  the  granular  leucocytes  formed  in  the  marrow,  and  especially 
of    the  neutrophil  series.     Of    these,  the  polymorphonuclear  cells  are 

ally  increased,  and  a  varying  number  of  immature  cells  may  also 
usually  be  observed. 

•i  one  repetition  of  a  large  hemorrhage  may  greatly  retard  an 
otherwise  rapid  return  to  normal,  or  it  may  lead  to  a  fatal  issue;   whilst 
repeated   small   haemorrhages,   e.g.  from   bleeding  piles,   menorrhs 
haematui  .   may  produce  very  severe  forms  of  chronic  antenna 

indistinguishable  from,  and   perhaps  becoming  identical  with,  the  so- 
called    pernicious   varieties.     Albuminuria,   over-lactation,   chronic   snp- 

ktion,  inanition  from  starvation,  mnl-absorption,  or  other  such  ca 
may,  in  like  manner,  lead  to  serious  anaemia. 

Secondary  anaemias,  varying  in  of  intensity,  may  also  follow 

acute  fevers  and  allied  conditions,  .lly  if  these  be  of  prolonged  dura- 

tion, as  in  the  case  of  typhoid  fever.     Similarly,  amentia,  sometimes  very 
profound,  <»<  an  accompaniment  and  consequence  of  such  chronic 

wasting  diseases  or  "cachexias"'  as  phthisis,  syphilis,  cancer,  malaria 

i  considered  under  animal  parasites),  etc.  1  .  ral  cases  recently 
investigated  by  I  D       on,  the  I  from  profound 

:iiia.  diagnosed  clinically  as  pemicioufi  in  type,  but  in  which,  on  post- 
mortem examination,  innumerable  minute  miliary  tubercles  were  found 
throughout   the  entire   bone-marrow.     In  two  of  these  cases,  there  was 

slight  old   pulmonary  tuberculosis,  in  one  ilous 

peritonitis,  and,  in  another,  some  old  glandular  le  '  kBOn 

has  also  describ  condition  oi  emia  in  a 

case  of  a  young  man  of  twenty -one.  from  whom  a  small  pyloric  carcinoma 
had  previously  been  removed.    No  secondary  growths  were  found  at 
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the  operation,  but,  on  post-mortem  examination,  the  entire  bone-marrow 
was  found  to  be  closely  studded  with  innumerable  secondary  carcinomatous 
nodules,  and  the  intervening  marrow-tissue  shewed  advanced  gelatinous 
degeneration.  No  secondary  growths  were  discovered  in  any  of  the 
other  organs  or  tissues.  Chronic  poisoning  by  means  of  lead,  arsenic, 
mercury,  sulphuretted  hydrogen,  carbon  disulphide,  T.N.T.  (see  p.  798), 
and  analogous  substances,  may  produce  a  severe  secondary  type  of 
anaemia.  Anaemias  of  all  grades,  up  to  profound  aplastic  anaemia,  may 
result  from  repeated  or  prolonged  exposure  of  the  bone -marrow  to  the 
more  penetrating  varieties  of  X-rays. 

Blood-destruction  and  regeneration  has  also  been  extensively  studied 
in  anaemias  artificially  produced  by  the  inoculation  of  animals  with 
phenylhydrazin,  saponin,  bacterial  toxins,  tapeworm-extracts,  haemolytic 
sera,  and  the  like. 

Some  of  the  most  profound  degrees  of  secondary  anaemia  known, 
and  frequently  simulating  pernicious  anaemia  in  type,  are  those  pro- 
duced by  the  presence  of  certain  animal  parasites,  especially  Ankylostoma 
duodenale,  Dibothriocephalus  lotus,  and,  in  rarer  instances,  Trichocephalus 
trichiuris  and  Oxyuris  vermicularis .  The  observation  that  anaemia  of 
this  profound  nature  is  not  by  any  means  an  invariable  accompaniment 
of  such  infections,  and  that  the  symptoms  produced  by  the  presence  of 
the  three  last  mentioned  of  these  intestinal  parasites  are  often  com- 
paratively slight  in  degree,  has  led  to  the  supposition  that — for  example 
in  cases  of  Bibothriocephaliis  infection  where  the  resulting  anaemia  is  of 
a  profounder  type — it  is  produced  by  some  superadded  morbid  condition 
of  the  parasite  itself,  whereby  certain  toxic  substances  are  produced  by  it 
within  the  intestine  of  its  host,  from  which  they  are  absorbed  and  thus  come 
to  produce  their  effects.  Recovery,  in  such  cases,  may  occur  on  expulsion 
of  the  parasite,  provided  the  anaemia  has  not  become  too  profound. 

Some  blood-parasites,  notably  those  of  malaria,  may  also  produce 
serious  secondary  anaemia,  partly  from  actual  using  up  of  the  haemoglobin 
of  the  red  corpuscles  which  they  infest,  and  the  increased  destruction  of 
these  cells,  and  also  probably,  in  part,  from  the  action  of  certain  toxins 
produced  by  the  parasites. 

Methods  by  which  these  various  causes  of  Secondary  Anaemia  may 
act. — (i)  Diminished  Nutrition. — The  digestive  and  assimilative  capaci- 
ties of  the  individual  may  be  interfered  with,  or  his  food  or  some  of  its 
essential  elements  may  be  insufficient  to  supply  material  and  energy  for 
the  haemopoietic  functions  of  the  marrow  and  other  blood-forming 
tissues,  (ii)  Diminished  Activity  on  the  Part  of  the  Blood-forming 
Organs  themselves  is  an  important  factor,  and  may  be  produced  by 
the  action  of  toxins,  poisons  such  as  lead,  arsenic,  mercury,  alcohol, 
etc.,  the  absence  of  the  stimulus  of  normal  food-products,  etc. 
(iii)  Again,  Over-Activity  of  these  Tissues  in  one  direction,  for  example 
in  the  production  of  leucocytes  of  the  granular  series,  as  is  seen  in  diseases 
characterised  by  leucocytosis,  may  lead  to  a  corresponding  diminution  in 
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the  output  of  cells  of  the  red  series.     IV  from 

whatever  oac  also  lead  to  exhaustion  of  the 

and  consequent  failure  of  their  blood-forming  powers,    (iv)  Oi 
diseases  such  as  Syphilis,  which  lead  to  de  ve  changes  in  I 

organs.  ina\  »ve  atrophy  and  failure  of  their  functions. 

(v)  The  Increased  Destruction  of  fully-developed  Blood-Cells,  in  the 
blood-serum,  Bpleen,  liver,  bone-marrow,  etc.,  whether  bronghl  abort 
the  mechanism  of  haemolysis  (solution  oi  the  red  cells),  oi  \ 

or  by  any  other  can-.',  is,  oi  COUTSe,  an  obvious  factor  in  the  producl 

of  anaemia.    Actual  Loss   by  haemorrhage  has  already  been  di 

whilst  other  causes  which  may  be  mentioned  are  the  increased  consump- 
tion oi  the  albumins  of  the  blood  and  tissues  in  fevers  and  similar  I 
ditions:    the  constant  Leakage  <>f  albumin  in  albuminuria  (in  addition  to 
the  action  of  retained  toxic  substances),  etc. 

Changes  in  the  Tissues  in  Secondary  Anaemias. — When  the  anaemia 
reaches  a  certain  .  erity,  there  may  occur  multiple  haemorrhages, 

varying  in  Biae  from  petechial  (e.g.  in  the  retina  or  in  the  Bubseron 
submucous   coats   in    various    positions),   up  to   profuse   haemorrhages, 

dally  from  mucous  membranes.  The  occurrence  of  dropsy  is  a  com- 
mon phenomenon.  In  the  hemolytic  or  specially  the  liver,  spleen, 
and  bone-marrow,  there  may  be  evidence  of  the  excessive  blood-destruc- 
tion in  the  shape  of  pigment,  usually  contained  within  phagocytic  cells. 
This  pigment  is  most  commonly  in  the  form  of  haematoidin;  but  iron- 
containing  pigment  or  haemosiderin  may  also  be  present,  especially  in 
advanced  cases,  though  not,  as  a  rule,  in  such  quantity  as  is  seen  in 
anaemias  of  pernicious  type. 

Blood-changes  in  Secondary  Anaemias.  -These  naturally  vary  con- 
siderably with  the  cause,  duration,  and  degree  of  intensity  of  the  change, 
and  also  with  the  capacity  of  the  haBmopoietic  tissues  to  undergo  an 
erythroblastic  reaction.  If  the  loss  of  blood  has  been  sudden  and  not 
repeated,  e.g.  by  haemorrhage,  there  may  be  fairly  rapid  re-formation  of 
blood,  especially  oi  its  fluid  constituents.    The  red  corpuscles  in  secondary 

ihew    abnormalities    in    shape    (poikilocytosis)    and 

(anisocytosis).  which,  in  the  less  severe  types  oi   the  disease,  may  be 

Blight,    or    which    may    be    very    pronounced    when    the    condition 

is  more  intense.     1  nucleated  reds  or  erythroblasts  may 

to  the    vascular  and    proliferate  -i    the    1 

low  (erythroblastic  reaction).      h\  the   cases   <>f   miliary  tuberculosis 

of  the    bone-marrow,   referred    to  on  p.  614,   very  large   numbeif 

bhroblasts  were  present.  The  nucleated  red  cells  thus  occurring 
in  the   blood  in  the  seven  !  of  aiuemia   frequently  shew  frag- 

mentation   of   their  nuclei,  and  it  is  not   uncommon   to   find   such   cells 
with  nuclei  which  are  somewhal   larger  and   palei  levelopn 

ally  earlier,   than   those  of  the  ord  •  :    whilst,  in  certain 

BS,  e.g.  in  DA  ia.  a-  already  mi 

in  tl  Tpusoles  may  closely  resemble,  and  l  lishabk  h 
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those  observed  in  pernicious  anaemia,  i.  e.  poikilocytosis,  the  presence  of 
megaloblasts  and  megalocytes,  etc. 

The  leucocytes,  for  the  reason  already  mentioned,  may  be  temporarily 
increased  in  numbers  after  haemorrhage ;  and,  in  other  instances,  leuco- 
cytosis,  if  present,  may  be  due  to  the  disease  producing  the  anaemia. 
The  special  types  of  leucocyte  involved  will,  therefore,  in  such  cases, 
depend  upon  the  nature  of  the  infective  or  other  cause  at  work. 

The  blood-plates  may  be  enormously  increased,  for  example  they 
may  be  found  to  be  three  or  four  times  their  normal  number. 

II.-  THE  SO-CALLED  PRIMARY,  ESSENTIAL,   OR  IDIOPATHIC 

ANAEMIAS  1 

1.  CHLOROSIS 

Chlorosis  is  a  disease  which  occurs  almost  exclusively  in  young  women, 
especially  just  after  the  establishment  of  the  menstrual  function,  e.  g.  from 
the  age  of  fourteen  to  seventeen  or  later,  until  that  of  twenty-four  or 
twenty-five.  It  is  specially  characterised  by  a  relative  diminution  in  the 
amount  of  haemoglobin,  by  a  moderate  diminution  in  the  relative  number 
of  red  cells  per  c.mm.  (see  p.  618),  and  by  the  presence  of  some  of  the  other 
ordinary  symptoms  of  anaemia,  e.  g.  dropsy.  There  is,  however,  no  special 
tendency  to  the  occurrence  of  haemorrhages ;  and  amenorrhoea  is  usually 
present. 

/Etiology. — Nothing  is  yet  known  of  the  ultimate  or  essential  cause 
of  the  condition.  Congenital  hypoplasia  or  defective  development  of 
the  circulatory  system  and  generative  organs  was  thought  by  Virchow 
to  have  some  bearing  upon  it.  Others  have  thought  the  condition  due  to 
diminished  capacity  for  the  assimilation  of  iron.  Intestinal  auto-intoxica- 
tion (copraemia)  has  been  considered  by  some  to  be  the  cause,  as  constipa- 
tion is  a  prominent  symptom,  though  whether  such  constipation  is  merely  a 
result  rather  than  an  aetiological  factor  is  by  no  means  certain.  Certain  pre- 
disposing factors  in  its  causation  have  long  been  recognised — its  occurrence 
in  young  women  being  undoubtedly,  in  many  cases,  largely  due  to  the 
special  strain  upon  the  system  entailed  by  the  establishment  of  men- 
struation; whilst  bad  food  and  unhealthy  hygienic  conditions,  and  perhaps 
heredity,  are  also  possible  predisposing  causes. 

The  exact  nature  of  the  disease  is  still  unknown,  but  the  pathological 
condition  is  probably  a  functional  insufficiency  of  the  bone-marrow  - 
perhaps  in  congenitally  predisposed  subjects,  and  due  to  a  set  of  condi- 
tions specially  found  in  young  women  at  or  just  after  puberty. 

Death  in  cases  of  uncomplicated  chlorosis  is  very  rare,  and,  consequently, 
the  lesions  in  the  bone-marrow  and  other  tissues  have  not  been  sufficiently 
investigated.  In  two  fatal  cases  (one  of  which  died  from  acute  strepta 
Septicaemia,  and  the  ether  from  thrombosis  of  the  iliac  and  renal  veins),  which 
one  of  the  authors  has  had  the  opportunity  of  examining,  there  was  wide-spread 
gelatinous  degeneration  of  the  marrow,  with  diminution  in  the  amount  of 

1  As  previously  indicated,  these  are  merely  provisional  terms  indicating  that 
the  causes  are  as  yet  unknown  (see  p.  613). 
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hemopoietic  tisane,  though  whether  these  changes  ar<  •  in  uncompli- 

a  e  have  not  sufficient  grounds  for  stating. 

Theskin  >h<  h-yellow  tinge  ;   and  the]  light 

increase  of  pigment  in  parte.    The  subcuta  a  may  be  normal  io 

amount  or  even  present  in  i 

In  the  majority  oi  anaemias,  the  total  mass  of  the  blood  is  usually 
diminished,  out  in  chlorosis  the  fact  has  been  established,  1a-  the  method 

eof  Haldan  and  Lorrain  Smith,  that  the  total  mass  is  usually,  and  often 
remarkably,  increased  -a  fact  which  must  he  home  in  mind  in  interpreting 

the  blood-count  and  estimation  of  hemoglobin  in  this  disease  (ser  p.  I 
It  is  said  that  the  plasma  may  even  be  doubled  in  total  bulk  (IlaM 
and  yet   its  specific  gravity  is  usually  not  only  not  diminished,  but  is 
normal  or  even  Blightly  increased — though  the  specific  gravity  of  the  blood 
i  whole  is  reduced,  owing  to  the  deficiency  of  red  corpuscles.1     This 
increase  in  the  amount  of  plasma  has  been  regarded  by  some  as  the 
itial    factor  in  the  production  of  chlorosis,  but  the  disease   ifl  not 
cured  by  its  reduction  unless,  at  the  same  time,  iron  is  administered. 
The  blood  is  distinctly  pale  in  colour,  and  the  most  important  patho- 
d  change  in  it  is  the  marked  diminution  in  the  amount  of  haemo- 
globin present,  e.g.  forty  per  cent.,  thirty  per  cent.,  or  even  twenty  per  cent. ; 
whilst  the  number  of  red  cells  may  not  be  very  much  below  normal,  e.g.  four, 
or  in  severe  cases  three-and-a-half  or  three  millions  or  less  per  c.mm. 

The  erythrocytes  may  shew  some,  and,  in  severe  cases,  considerable. 
poikilocytosis  and  irregularity  in  size,  usually  in  the  direction  of  diminu- 
tion rather  than  of  increase;  but  their  most  characteristic  feature  is  the 
pallor  of  their  centres,  from  deficiency  of  haemoglobin,  as  may  be  well 
seen  in  Plate  XVI,  fig.  2. 

Occasional  nucleated  red  cells  may  be  found,  their  number  varying 
considerably  from  time  to  time  even  in  the  same  case.  They  are  usually 
found  in  the  severer  cas» 

The  leucocytes  do  not  exhibit  any  characteristic  changes.  They  may 
be  diminished,  but  are  more  usually  normal  or  slightly  increased  in 
numbers;   and,  in  a  seri<  BS  examined  by  one  of  the  authors,  this 

increase  was  distinct. 

Til.-  platelets  are  usually  somewhat  increased.  The  specific  gravity 
of  the  blood  (which,  in  the  healthy  adolescent  female,  may  be  normally 
somewhat  under  L'056]  may  fall  to  l'OtM  alkalinity 

appears  not  to  be  particularly  altered,  but  the  coagulability  is  distinctly 
ter  than  in  other  amentias  of  equal  degree     an  important  point  in 
connection  with  the  occurrence  of  thrombosis  which  has  frequently  b 
described  in  chlorosis,  e.g.  in  the  femoral  or  other  veins,  cerebral  venous 
sinuses,  and  even,  though  rarely,  in  ai 

The  condition  rapidly  improve  giving  iron,  and   is  practically 

never  fatal,  unless  from  the  occurrence  <>f  \  "r  some 

intercurrent  malady. 
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2.  PERNICIOUS   ANjEMIA 

This  important  disease,  or  rather  group  of  diseases,  as  it  should 
probably  be  regarded,  is  also,  from  the  fact  that  we  are  still  ignorant  of 
its  ultimate  cause,  sometimes  known  as  "  Essential "  or  "  Idiopathic  "  or 
"  Primary  Pernicious "  Anaemia.  The  term  "  Progressive  Pernicious 
Anaemia  "  is  also  frequently  employed  to  denote  the  progressive  and 
almost  uniformly  fatal  character  of  the  disease.  It  is  usually  insidious 
in  its  onset,  and  is  characterised  by  typical  changes  in  the  blood,  in  the 
bone-marrow,  and  in  some  of  the  other  organs :  and  by  certain  clinical 
symptoms,  such  as  the  lemon-yellow  colour  of  the  skin  (for  the  relation 
of  this  to  the  presence  of  bilirubin  in  the  blood,  see  pp.  80  and  620),  a 
varying  degree  of  breathlessness,  vomiting,  and  other  digestive  disturb- 
ances, irregularities  in  temperature,  and — when  the  anaemia  reaches  a 
certain  stage — by  haemorrhages,  e.g.  into  the  retina,  serous  membranes, 
etc.,  or  from  mucous  surfaces. 

etiology. — The  disease  is  specially  one  of  adult  life,  and  the  sexes  are 
practically  equally  liable.  As  already  stated,  the  ultimate  cause  of  the 
disease  is  still  entirely  unknown ;  but,  in  recent  years,  the  causes  of  certain 
types  of  anaemia  closely  resembling,  and  clinically  indistinguishable  from, 
it,  have  been  definitely  established.  Reference  has  already  been  made 
to  several  of  these  secondary  anaemias  of  pernicious  type,  particularly 
those  produced,  under  certain  conditions,  by  some  intestinal  parasites, 
e.  g.  Dibothriocephalus  latus,  Ankylostoma  duodenale,  and,  in  rare  instances, 
Trichocephalus  trichuris  and  Oxyuris  vennicularis.  Other  forms  of  second- 
ary anaemia,  very  closely  resembling  the  "true"  progressive  or  "primary" 
pernicious  form,  are  sometimes  found  in  cases  of  gastric  cancer,  syphilis, 
and  malaria,  in  wide-spread  secondary  malignant  involvement,  and  in 
miliary  tuberculosis  of  the  bone-marrow  (see  pp.  614  and  616),  and  also 
following  the  administration  of  certain  poisonous  drugs ;  but  it  is  usually, 
though  not  always,  possible  to  differentiate  these  by  careful  examination  of 
the  blood.  Certain  phenomena  characteristic  of  the  disease  have  from  time 
to  time  been  put  forward  as  causal,  but  are  rather  to  be  regarded  as  con- 
sequences of  some  as  yet  unknown  cause,  probably  toxic  in  its  nature. 
In  this  category  may  be  placed  excessive  haemolysis,  characterised  by 
active  phagocytosis  of  red  corpuscles  in  the  bone-marrow,  spleen,  and  other 
haemolytic  organs,  and  by  the  deposit  of  pigment  (mostly  in  the  form  of 
haemosiderin)  in  the  liver,  kidneys,  bone-marrow,  spleen,  etc.  Similarly, 
the  defective — or  rather  active  but  aberrant  -  haematogenesis  is  a  result 
of  the  action  of  some  toxic  or  other  agency,  rather  than  itself  a  cause  of 
disease;  and  the  erythroblastic,  and  move  especially  the  megaloblastic, 
type  of  transformation  of  the  bone-marrow,  so  characteristic  of  pernicious 
anaemia,  is  a  reaction  of  the  tissue  produced  by  some  unknown  cause. 
Such  cause  has  been  sought  for  in  various  directions,  and  many  authori- 
ties consider  that  pernicious  anaemia  is  probably  brought  about  by  some 
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toxin  produced  in,  and  absorbed  from,  the  alimentary  canal.     Elunto 

of  opinion  that  '■  Pernicious  anaemia  is  a  chronic  infei 

in  the  alimentary  trad  ;  caused  by  a  definite  infection  of  the  alimei  I 

.  chiefly  of  the  stomach,  occasionally  also  of  the  mouth,  and  of  the 
intestine/'     He  supposes  thai  "the  chief  Bource  of  the  infe< 
Bep3is   arising   in   connection    with   Long-continued    and  ario- 

necrotic  conditions  of  teeth;    sometimes,  possibly,  arising  from  .  • 
Long-continued    pvorrhoea  or  suppuration   of  the 
sockets  is  a  not  unlikely  cause  in  some  Achylia  (afa 

tion  of  gastric  juice)  or  achlorhydria  (absence  of  hydrochloric 
'ion)  is  often  associated  with  pernicious  anaemia,  and  1-  i 
by  Borne  as  a  predisposing  serological  factor,  owing,  perl  i  the 

resulting  decomposition  of  the  food  in  the  intestine.1     Some  obsei 
consider  fche  presence  of  achylia  or  achlorhydria.  which  may  1-  aital, 

and  may  run  in  certain  families,  as  an  essential  element  of  the  disease. 
It  has  also  been  said  that  repeated  haemorrhages,  e.g.  from  piles, 
abnormalities  of  pregnancy  and  parturition,  and  long-standing  secondary 
anaemias  may  sometimes  precede  its  appearance. 

Changes  in  the  Blood. — The  blood  may  be  pal«'  and  watery,  and,  as 
ha-  been  demonstrated  by  the  van  den  Bergh  diazo-reaction  (see  p.  81), 
contain  an  excess  of  bilirubin,  producng  the  typical  lemon-yellow  stain- 
ing of  the  skin,  fit,  and  other  tissues.  Its  specilic  gravity  is  lowered, 
and  may  fall  even  below  1-030;  its  total  bulk  is  lessened;  and  it^ 
coagulability  is  much  diminished. 

Tin*  red  corpuscles  shew  a  great  and  progressive  diminution  in  numbers, 

example  to  about  1,000,000;  and,  in  many  advanced  the  count 

may  lie  between  600,000  and  300,000  per  cmm..  and  even  lower  counts 

are  occasionally  obtained.     The  corpuscles  do  not  tend  to  form  rouleaux. 

Poikilocytosis  (Plate  XVI,  fig.  1)  is  a  marked  and  constant  featun 

also  greal  alterations  in  the  size  of  the  corpuscles.  Unusually  small  forms 
or  microcytes  are  often  present,  but  the  abnormal  cells  most  characteristic 
of  the  condition  are  megalocytes  and  megaloblasts,  especially  the  latter, 
which,  after  early  infancy,  are  found  in  any  appreciable  numbers  in  the 
blood  only  in  this  condition  and  in  a  few  secondary  amemias  of  pernicious 

type,  Buch  as  the  J)ih<>ii  dus  ansemia  above  referred  to.    Certain 

of  these  non-nucleated  and  nucleated  red  cells  are  of  such  laa 

_o  //  in  diameter-    that  t!  gigantocyte  and  giganto- 

blast  have  been  applied  to  them.  Normoblasts  may  also  be  found,  but 
are  seldom  very  nni  KOepJ  in  ad\  -  of  the  d  The 

number  of  nucleated  red  cells  in  the  blood  maw  in 

remarkably  after  transfusion.     Both  megaloblasts  and  normoblasts  may 

exhibit  karyorrhexis  or  nuclear  fragmentation,  and.  \  i  rionally,  t  rue 

mitosis  may  be  observed  in  them.  The  various  forms  of  red  eell  frequently 
Bhew    other    degenerative    changes,    i   g.    polychromatophilia,    punctate 

1  Difiousnoo  on  l'ti ni«  i  <>f  London,  Brit.  M 

Xov.    IS.    1!.l'l>.   ]». 
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basophilia  or  granular  degeneration,  as  well  as  the  poikilocytosis  already 
mentioned  (see  Plate  XVI,  fig.  1).  Although  the  total  amount  of 
haemoglobin  present  in  the  blood  may  fall  to  thirty  per  cent,  of  the 
normal  or  less,  yet,  in  relative  proportion  to  the  number  of  red  cells 
present,  it  may  not  only  not  be  diminished,  but  the  amount  per  corpuscle 
may  even  be  increased,  and  the  colour-  or  haemoglobin-index  is  frequently 
above  unity  and  may  reach  1*5,  or  even  1*8,  a  phenomenon  due  in  part  to 
the  larger  size  of  many  of  the  red  corpuscles,  as  well  as  to  an  actual 
condensation  of  their  contained  haemoglobin. 

The  leucocytes  are,  as  a  rule,  distinctly,  and  sometimes  markedly, 
diminished  in  numbers,  especially  the  polymorphs,  owing  to  the  energies 
of  the  marrow  being  directed  towards  the  production  of  cells  of  the 
erythroblastic  series.  Leucocytosis  may,  however,  occur  from  the 
presence  of  intercurrent  or  terminal  infections  and  complications  such  as 
pneumonia.  Eosinophil  cells,  although  often  present  in  considerable 
numbers  in  the  marrow,  are  not,  as  a  rule,  specially  increased  in  the 
circulating  blood.  If  present  in  the  latter  in  abnormally  large  numbers, 
the  possibility  of  the  case  being  parasitic  should  be  borne  in  mind.  The 
lymphocytes  may  be  relatively  less  diminished  in  number  than  the  poly- 
morphs.   The  number  of  the  blood-platelets  is  usually  much  decreased. 

The  condition  is,  therefore,  a  megaloblastic  anaemia  with  marked 
diminution  in  the  numbers  of  all  the  formed  elements  of  the  blood. 

Changes  in  Other  Organs  and  Tissues  : — 

Bone-Marrow. — The  changes  which  occur  in  this  tissue  are  extremely 
characteristic.  They  are  chiefly  of  the  nature  of  a  marked  erythroblastic 
reaction,  usually  pronouncedly  megaloblastic  in  type  (see  Plate  XVI,  fig.  4). 
In  advanced  cases,  megaloblasts  may  form  the  majority  of  the  total  cells 
present,  and  are  usually  far  in  excess  of  what  might  be  expected  from 
the  examination  of  the  blood.  This  megaloblastic  condition  of  the 
marrow  may,  indeed,  in  some  cases  be  present,  where  very  few  cells  of 
this  type  had  been  observed  in  the  circulating  blood  before  death. 

Myelocytes  and  other  cells  of  the  leucocyte-forming  series  are  usually 
much  diminished  in  numbers,  although  the  capacity  for  leucoblastic 
transformation  is  generally  retained,  and  may  shew  itself  in  cases  where 
pneumonia  or  some  such  leucocytosis-producing  complication  super- 
venes. As  already  mentioned,  eosinophil  myelocytes  are  often  numerous 
in  the  marrow  in  pernicious  anaemia. 

Another  phenomenon,  of  constant  occurrence  in  the  marrow  in  this 
disease,  is  the  presence  of  large  numbers  of  actively  phagocytic  cells  engaged 
in  the  process  of  blood-destruction  or  haemolysis  (see  Plate  XIV,  fig.  4). 
These  cells  may  contain  enormous  numbers  of  red  corpuscles,  both  nu- 
cleated and  non-nucleated;  or,  in  other  instances, they  may  be  filled  with 
blood -pigment  derived  from  these.  The  red  cells  are  not  only  hastily  and 
imperfectly  formed  in  excess,  but  are  also  destroyed  in  excess.  These 
hemolytic  processes  in  the  marrow,  if  the  amount  of  this  tissue  through- 
out the  body  be  taken  into  account,  form  an  extremely  important  aspect 
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of  the  disease  not  yet  sufficiently  i 

and  the  medullary  cavities  of  th< 

t ion  of  the  spongy,  and  even  of  much  of  the  compact,   bon< 

uianow  is  much  teddei  in  colour,  and  its  appearance  has  suggested  the 

comparison  to  red-currant  jelly  or  raspberry  jam.    Where  much  }/,■ 

pigment  is  present,  it  may  be  brick-red  in  colour;  or,  where  leu* 

is  superadded  from  the  \  ome  complication  such  as  pneumonia, 

it  may  be  of  a  pinkish  or  pale-red  tint. 

Liver.- — The  organ  may  he  normal  in  size  or  Bhghtly  enlarged,  the 
individual  lobules  being  often  u  i  in  dimensions,  and  exhibiting 

distinct    outlines.     It    has    a    characteristic    brownish-yellow   or   cqfi 
laii  tint, dtie  to  the  combined  presence  of  pigmentation  and  fatty  degenera- 
tion.   The  Prussian-blue  reaction  with  hydrochloric  acid  and  potassium 
ferrocyanide  is  used  to  demonstrate  the  presence  of  the  haemosiderir. 
iron-containing  pigment  derived  from  the  haemoglobin  of  the  d< 
blood-corpuscles.     This  is  present  in  the  form  of  small  granules  in.  and 
to  a  less  extent  between,  the  liver-cells,  especially  at  the  peripheral  | 
of  the  lobules  next  the  portal  tracts,  where  it  forms  a  darker  zone  which 
maps  out  the  lobules  distinctly.     The  quantity  of  iron  contained  in  such 
a  liver  may.  it  is  said,  be  as  much  as  nine  or  ten  times  the  normal  amount. 

Spleen. — This  organ  may  be  slightly  enlarged  in  some  cases.  It  has, 
usually,  a  somewhat  dark  brownish-red  colour,  and  may  not  Lrive  the 
typical  Prussian-blue  reaction,  the  reagents  often  producing  a  variable 
greenish-  or  bluish-black  discoloration.  On  microscopical  examination, 
marked  increase  of  hsemolytic  activity  is  demonstrated  by  the  presence 
of  active  phagocytosis,  especially  on  the  part  of  the  endothelial  cells  of 
the  pulp,  these  cells  often  attaining  a  large  size  and  containing  numbers 
of  ingested  red  corpuscles  and  pigment -granules. 

Kidney. — The  kidneys   are   usually  of  a  pale  brownish-yellow  tint, 
from  the  presence  of  haemosiderin-piLinient.  combined  with  intense  fatty 
degeneration  in  the  ells  of  the  convoluted  tubules  and  ascending 
f  Benle'fl  kx 

Heart.    Tin  rally    BhewB    very    profound    fatty    degeneration. 

dition  is  usually  most  advanced  in  the  inner  part  of  the  muscle 
of  the  left  ventricle.  It  is  often  distinctly  patchy  in  its  distribution,  and 
may  shew  through  the  endocardium  as  irregular  yellowish-white 

I  bes,  Usually   be8t    Been  on  the  papillary  muscles  and  inter- ventricular 

bum  -the  so-called  "thrush-breast  "  or  "tabb  -cat  M  appes 
The  lungs  commonly  Bhew  a  condition  of  atrophous  emphysema. 

endothelium  of  the  smaller  vessels  and  capillaries,  e.  <j.  in  the  pia,  omentum. 

etc..  may  shew  wide-spread  fatty  degeneration,   aid  haemorrhages  may 

be  foin  retina,  rabcul  and  mucous 

membra  utral  nervov 

In  the  central  nervous  system,  ally  in  the  cord. 

tive  lesions  have  been  described,  fur  example,  sc'  iianges,  especially 

1  See  Carnegie  Dickson,  h>c.  ctf.  (see  p.  585  above). 
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in  the  posterior  columns  (see  under  Subacute  Combined  Sclerosis, 
p.  1006).  These  may  be  associated  with  the  occurrence  of  haemorrhages, 
and  are  probably  due  to  the  action  of  some  toxic  substance  circulating 
in  the  blood. 

The  gastric  and  intestinal  mucous  membranes  frequently  shew  a 
condition  of  advanced  atrophy. 

The  fat  of  the  body  is  usually  of  a  bright  yellow  tint. 

THE   BLOOD   IN   GENERAL   DISEASES 

The  condition  of  the  blood  in  the  Acute  Infective  Fevers,  and  in 
Septicaemias  and  similar  conditions,  has  already  been  sufficiently  dealt 
with  under  Leucocytosis  and  the  Reactions  of  the  Haemopoietic  Tissues, 
especially  the  Bone-Marrow.  For  a  fuller  account  of  such  changes,  and 
the  alterations  found  in  the  blood  in  general  diseases  such  as  Myxcedema, 
Exophthalmic  Goitre,  Tuberculosis,  etc.,  special  works  on  Hematology 
should  be  consulted.1 

BL00D=CHANGES   IN    MALIGNANT   DISEASE 

One  of  the  most  important  points  to  be  noted  in  the  study  of  the 
blood  in  malignant  disease  is  the  great  variability  of  the  findings,  not 
only  between  those  in  different  varieties  of  tumours,  but  also  according 
to  the  site,  size,  and  rapidity  of  their  growth,  the  occurrence  of  metastases, 
the  position  of  these  in  the  body,  and  the  supervention  of  inflammatory 
changes,  necrosis,  haemorrhage,  etc.  The  age  and  previous  health  of 
the  patient  are  also  important  factors,  and  great  individual  variations 
occur  where  the  characters  of  the  disease  are  apparently  more  or  less 
similar.  It  is,  therefore,  impossible  as  yet  to  lay  down  definite  rules 
with  regard  to  the  blood-changes  in  any  given  case  or  set  of  cases,  but 
the  following  generalisations  may  be  useful. 

Simple  tumours,  unless  the  seat  of  inflammatory  processes  such  as 
ulceration,  or  unless  they  interfere  with  nutrition  (e.g.  by  obstruction 
of  the  oesophagus  by  pressure),  usually  produce  little  or  no  appreciable 
alteration  in  the  blood.  The  same  is  generally  true  of  small,  slow-growing 
malignant  tumours.  With  large,  rapidly- growing  tumours,  however,  it 
is  otherwise,  especially  if  metastasis  occurs. 

In  Cancers  of  this  description,  a  secondary  anaemia,  varying  in  severity 
from  a  mild  to  a  very  severe  type,  may  be  present.    A  common  degi 
such  anaemia  is  where  the  red  corpuscles  number  about  four  to  three-and-a- 
half  millions,  but,  in  severe  cases,  they  may  fall  to  a  much  lower  figure,  and 

1  Ewing,  Clinical  Pathology  of  the  Blood,  Kimpton,  London,  2nd  edition.  1 

Cabot,  Clinical  Examination  of  the  Blood,  Longmans,  Green  A  Co..  London, 
5th  edition,  1904. 

Carnegie  Dickson,  The  Bone-Marrow.  Longmans,  Green  A  Co.,  London,  1008. 

( oilland  and  Goodall,  The  Blood  :   A  Quid*  to  its  Examination  and  to  the  Diogt 
and  Treatment  of  its  Diseases.     W.  Green  &  Son,  Ltd.,  Edinburgh.     Second  Edition. 
1914. 
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come  to  simulate  the  oondition  in  pernici  I  rpuscles 

appeal-   to  be  more  delicate    and    more    easil;  than  usual. 

Poikilocytosis  fre  mently  occurs,  and.  in  - 

Nucleated  reds  are  common,  and  are  usually  Qormoblastic  in  type,  though 
megaloblastfl  are  ind  in  »  d  advai 

colour-index  is  usually  low  in  proportion  to  the  number  of  red  cells,  i.e. 
bhey  arc  pale  and  poor  in  blood-pigment,  even  when  a  comparatively 
high  count  is  found.    The  specific  gravity  oi  the  blood  is  lowered,  b 
usually   roughly   parallel   with    the    amount    of    haemoglobin 
Coagulability  is  generally  little  altered  or,  perhaps,  slightly  decreased. 
Where  t  he  bone-marrow  itself  is  t  he  seat  of  \\  ide-spread  secondary  [ 
a  progressive  anaemia,  aplastic  in  type,  may  be  found,  which,  u 
may  come  to  -imulate  pernicious  anaemia. 

iiderable  attention  has  been  given  to  the  question  of  the  presence 
or  absence  of  leucocytosis  in  cases  of  cancer;   and  here,  again,  the  results 
of  investigation  shew  wide  divergence   in  different 
the  nature  and  site  of  the  tumour  and  the  occurrence  of  secondary  cha 
in  it.  and  the  other  variable  factors  already  mentioned.     Leuo 
may  be  absent  or  slight  where  the  tumour  is  small  and  slow-mow 
but .  where  growth  is  rapid,  and  especially  if  wide-spread  metastasis  occur-. 
marked  increase  of  white  cells,  particularly  polymorphs,  may  be  found.    In 
microscopical  sections  of  such  tumours,  at  the  spreading  margins,  and  in 

-  shewing  necrotic  softening,  there  is,  not  infrequently,  a  certain,  and, 
in  some  considerable,  degree  of  polymorphonuclear  infiltration. 

Similarly,  where  ulceration  or  other  inflammatory  processes  supervene. 
leuo  cytosis  resembling  that  due  to  ordinary  inflammation,  with  regard 
both  to  the  number  and  character  of  the  white  cells,  is  produced. 

In  some  instances,  however,  notably  in  cancer  of  the  oesophagus, 
unless  inflammation  or  secondary  spread  occurs,  the  number  of  the 
leucocytes  may  not  only  not  be  increased,  but  may  be  actually  diminished, 
probably  from  interference  with  nutrition. 

Leucocytosis  tends  to  occur  in  cases  where  there  is  haemorrhage, 
e.g.  in  gastric  and  uterine  cancers.  It  is  also  said  to  be  spec  dally  pro- 
nounced in  cancer  of  the  kidney  (Cabot),  pancreas,  or  thyroid. 

In  cancer  of  the  stomach,  without  haemorrhage,  ulceration,  oi  meta- 
latively  infrequent,  and  the  normal  digestion- 
leucocj  after  a  meal,  is  usually  absent     a  phenom< 

which,  however,  is  of  only  relative  importance.  milar  ab 

digestion-leu  is  been  i  barrhal  conditions  of  the 

Stomach,  and  in  i  debility  from  other 

In  cancer  of  the  liver,  distinct  leucocytosis  is  present  in  rather  more 
than  half  th<  eiallv  in  their  1  and.  in  tin 

there  is  usually  also  marked  anaemia,  with  diminution  in  the  amount 
of  haemoglobin. 

In  intestinal  carcinoma,  the  record*  ly  variable,  though 
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an  increase  of  white  cells  is  usually  to  be  observed  in  most  cases  of  cancer 
of  the  abdominal  organs,  probably  from  the  ready  occurrence  of  haemo- 
rrhage and  secondary  inflammatory  changes. 

In  the  case  of  mammary  cancers,  moderate  leucocytosis  is  frequently 
present,  but  its  presence  and  degree  are  extremely  variable. 

On  comparing  the  blood-changes  above  detailed  for  cancer  with 
those  found  in  sarcoma,  it  may  be  said  that,  on  the  whole,  they  are  some- 
what similar,  but  usually  rather  more  constant  and  more  pronounced 
in  the  latter  class  of  malignant  tumours.  The  red  corpuscles  are,  as  a 
rule,  diminished,  e.g.  to  four  or  three  millions  or  less,  the  haemoglobin- 
percentage,  averaging  about  fifty  per  cent.,  though  it  may  fall  much 
lower.  The  white  cells,  though  in  a  few  cases  they  may  remain  practically 
unaltered,  more  commonly  exhibit  a  rise  to  fourteen  or  fifteen  up  to 
forty  or  fifty  thousand,  or  even  more.  This  increase,  though  usually 
mostly  of  the  polymorphonuclear  cells,  may  occasionally  be  largely  a 
lymphocytosis,  especially  in  certain  sarcomatous  affections  of  lymphatic 
glands  (see  p.  611).  The  occurrence  of  a  few  myelocytes  in  the  count  is 
comparatively  common.  As  in  the  case  of  cancer,  there  may  be  little 
alteration  in  the  blood  where  the  sarcomatous  growth  is  small,  slow- 
growing,  and  without  metastasis. 

After  the  operative  removal  of  a  malignant  tumour,  the  leucocytosis, 
if  present,  usually  gradually  disappears ;  and  its  return  may  herald  the 
regrowth  or  recurrence  of  the  disease. 

HEMORRHAGIC   DISEASES 

HEMORRHAGES,  in  and  from  serous  and  mucous  membranes,  in 
the  skin,  etc.,  varying  in  size  from  those  of  petechial  dimensions  up  to 
large  effusions,  may  occur  in  various  diseases.  These  may  be  "  sympto- 
matic "  or  secondary  to  some  known  or  unknown  cause  :  for  example. 
the  so-called  "  symptomatic  purpura  "  seen  in  many  infective  diseases 
such  as  pneumonia,  cerebro-spinal  fever  (for  this  reason  often  called 
"  spotted "  fever),  pyaemia,  acute  liver-atrophy,  the  septicaemias, 
smallpox,  etc.  Haemorrhage  into  the  medulla  of  the  suprarenals  is 
frequently  seen  in  cases  of  diphtheria,  cerebro-spinal  fever,  typhus  and 
certain  other  acute  diseases.  Such  haemorrhages  are  probably  due  to  the 
deleterious  action  upon  the  blood-vessels  of  the  toxins  of  these  dis< 
(cytotoxins,  endotheliolysins,  etc. — see  Immunity,  pp.  468-9;  and  also 
cf.  p.  284).  Similarly,  haemorrhages  may  be  due  to  the  action  of 
poisonous  drugs  (e.g.  iodides),  snake-venom,  and  certain  other  animal 
and  vegetable  poisons;  and  they  may  occur  in  the  auto-intoxication 
of  jaundice — probably  from  the  action  of  the  bile-acids- and  in  any 
severe  grade  of  anaemia,  and  in  some  cachexias.  They  are  also  de- 
scribed as  occurring  in  certain  nervous  diseases.  Mechanical  causes 
which  bring  about  great  venous  engorgement  may  produce  them 
strangulation,  drowning,  etc. 
40 


626  BPB  EAL   PATHOLO 

There  remain  oertaii  in  which  all  the 

be  eliminated,  and  in  which  hnmon  m  etiological  (at 

which  have  not  yel    been  ascertained.    Such  i  theiz 

banding  features,  have  been  grouped  m  bain  nan. 

important  of  which  are  Purpura  Haemorrhagica,  Haemophilia,  and  Scurvy. 

PURPURA   HEMORRHAGICA  (Werlhofl) 

This  is  a  disease,  varying  in  Beverity,  am  ionally  very  rapid  and 

fatal  in  its  course,  in  which  numerous  BmaUer  or  larger  hamorrh 
occur.     I  ay  take  place  into,  or  from,  practically  any  of  the  I 

infl  of  the  body,  but  are  Bpecially  liable  to  occur  in  the  skin  and  from 
mucous  membranes.  In  many  of  the  reported  cases,  various  bacteria  such 
as  StrciAo-  and  Slaphylo-cocci,  Pneumococci,  anthrax-like  bacilli, and  other 

inisms,  have  been  isolated;    but,  in  other  cases,  the  bacteriolog 
examinations  have   been  negative.    Ewing  Bug  that   these   1 

cases  are  probably  acute  manifestations  of  Haemophilia.     Other  w  i 

ribe   lesions  in  the  suprarenals,  especially   haemorrhages,   and   are 
inclined  to  regard  them  as  causing  the  haemorrhages  elsewhere.      I 
may,  however,  merely  be  themselves  symptomatic. 

In  all  cases  of  purpura,  there  is  anaemia,  which  may  become 
profound,  and  which  is  accompanied  by  great  diminution  of  haemoglobin. 
Polymorphonuclear  leucocytosis  is  found  in  the  infective  cases,  but  is 
rally  absent  in  the  hemophilic  type.  Affections  of  the  joints  are 
common,  a  fact  which  has  led  to  some  cases  being  termed  Rheumatic 
Purpura. 

Various  hemorrhagic  conditions  may  occur  in  infancy  and  early 
childhood,  some  of  them  resembling  purpura  haemorrhagica.  In  certain 
of  these,  syphilis  appears  to  play  an  important  part,  whilst  others,  e.g. 
epidemic  haemoglobinuria  and  melaena  neonatorum,  are  probably  du 
as  yet  unknown,  infective  agents.  In  congenital  obliteration  of  the  bile- 
ducts,   hemorrhages  are  of  frequent  occurrence,   as   in  other  disc 

ompanied  by  jaundice. 

The  coagulability  of  the  blond  does  nol  appear  to  be  specially  altered, 
but  retraction  of  the  clot  is  said  to  be  deficient  (Hayem). 

Henoch's  Purpura,  a  condition  which  may  occur  at  any  age,  but  which 
laiivt-ly  more  frequent  in  children,  is  characterised  by  mon 

acute    abdominal   symptoms,  such  as  colic,  vomiting,  and  lueinorrli 

the  walls  and  lumen  of  the  stomach  and  intestine!  with 

pain  and  swelling  in  the  joints,  and  a  purpuric  skin-eruption.     The  an. 
may    be    recurrent,   and   the    patient   may   die   from   peritonitis  or  other 

complicatioi 

HAEMOPHILIA,   OR       HEMORRHAGIC   DIATHESIS 

Persons  who  Milter  from  this  disease — -usualh 
to  be  hereditarily  pn  I  to  the  oecurrence  of  hnmorrhages,  which 
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may  be  extremely  severe,  and  even  fatal,  and  may  arise  from  the  most 
trifling  injury,  such  as  a  blow,  a  scratch  or  small  cut,  or  the  extraction 
of  a  tooth,  or  even  without  any  evident  exciting  cause.  The  work  of 
Wright  and  others  has  shewn  that  the  coagulation-time  of  hemophilic 
blood  is  increased — sometimes  greatly  so.  Many  hypotheses  as  to  the 
reason  for  this  delay  have  been  advanced,  such  as  diminution  in  the 
calcium-content  of  the  blood,  etc.  Addis,1  in  his  work  on  haemophilia, 
however,  states  that  the  calcium-content  is  not  diminished.  He  considers 
that :  "  the  proximate  cause  of  the  delay,  in  coagulation  is  the  slowness 
of  the  formation  of  haemophilic  thrombin,"  owing  to  a  qualitative  (but  not 
quantitative)  alteration  in  the  prothrombin,  which  reveals  itself  in  the 
longer  time  required  for  the  change  into  thrombin  (see  p.  570).  He 
discovered  no  appreciable  abnormality  in  the  other  factors,  viz.  the 
amount  and  coagulability  of  the  fibrinogen,  and  in  the  amount  and 
activity  of  the  thrombokinase  and  calcium;  and  he  found  no  substance 
in  haemophilic  blood,  not  present  in  normal  blood,  which  hinders  the 
formation  of  thrombin.  The  disease,  as  stated  above,  specially  affects 
males,  and  appears  to  be  transmitted  by  the  mother.  Beyond  a  slight 
diminution  in  the  number  of  the  leucocytes,  especially  the  polymorpho- 
nuclears, described  by  Wright,  no  characteristic  histological  changes  in 
the  blood  or  organs  have  yet  been  demonstrated. 


SCURVY,   OR  SCORBUTUS 

This  disease  consists  of  a  severe  anaemia,  unaccompanied  by  leuco- 
cytosis,  unless  from  the  presence  of  some  inflammatory  or  other  com- 
plication. It  is  characterised  by  great  debility,  spongy  swelling  of  the 
gums,  pyorrhoea,  loosening  and  falling-out  of  the  teeth,  and  bleeding 
from  the  swollen  gums  and  elsewhere.  Subperiosteal  and  intramuscular 
haemorrhages  are  frequently  found,  especially  in  the  lower  limbs.  Scurvy 
arises  as  a  result  of  unsuitable  food  and  unhealthy  hygienic  conditions 
of  life,  and  specially  attacks  badly -fed  soldiers  or  sailors  who  are  exposed 
to  hardships  under  unfavourable  conditions  with  regard  to  light  and  air, 
and  who  are  deprived  of  fresh  vegetables  in  their  diet.  It  is  doubtful 
whether  these  conditions  alone  are  capable  of  producing  the  difi 
or  whether  there  is  also  an  infective  agent  at  work;  but,  unless  the  i 
have  already  progressed  too  far,  recovery  is  usually  rapid  when  fresh 

ables,   lemon-juice,   and   fresh,   in   place   of  tinned  or  salted.  - 
— i.  e.  substances  containing  the  necessary  vitamines     are  a  Ided  to  the 
patient's  dietary,  and  he  is  placed  in  healthy  surroundi] 

An  Infantile  form  of  Scurvy  (Barlow's  disease]  mmonlv 

in  weakly,  hand-fed  infants,  especially  if  also  in  bad  sanitary  surroundings. 
In  these,  the  disease  closely  resemble-  the  condition  found  in  the  adult  ; 

1  Addis,  "The  Pathogeneeia  of  Hereditary  Hemophilia,"  Jour.  Path,  awl  Bad.. 
vol.  xv.,  No.  4.  p.  427. 
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and  hemorrhages,  especially  under  th<  beam  and  intu  the 

tissues  of  the  orbits  and  eyelids  (producing  ptoptosis,  "  black-eye,"  etc.), 
are  oommon.     Rarefaction  <>f  the   I            iften  les  i  bmctun 

usually   present,  and   the  condition  is   frequently  i  irith  the 

bain   dia  I   t  he  blood,   cha  tcially  by 

changes  in  the  Spleen,  will  be  found  described  in  the  r.    Agglutin- 

ation (|>.  17J),  Hemolysis  (p.  l*  of  red  blood-corpuscL 

phenomei  dealt  with  in  the  Chapter  on  Immunity.     The   problems 

connected     with     Thrombosis     are    also    considered     under    Thrombosis 
pp.   137  vt  teq.] 


CHAPTER    XVI 

DISEASES   OF  THE   LYMPHATIC   SYSTEM 

SEROUS   MEMBRANES 

Diseases    of    these    structures   are   described   under    their    respective 
systems  (see  under  Pericardium/ Pleura,  Peritoneum,  etc.). 

LYMPHATIC  VESSELS 

LYMPHANGITIS,  or  inflammation  of  lymphatic  vessels,  may  be  acute 
or  chronic.  The  acute  condition  is  the  result  usually  of  septic  infection, 
e.g.  in  dissection  or  post-mortem  wounds  and  similar  conditions.  The 
inflamed  lymphatics  are  seen  upon  the  surface,  e.g.  of  the  arm — in  a 
case  of  poisoned  wound,  say,  of  the  finger — as  narrow,  bright  red,  more 
or  less  straight  lines,  running  from  the  focus  of  infection  towards  the 
nearest  groups  of  lymphatic  glands — in  this  instance  the  epitrochlear 
and  axillary.  The  changes  in  and  around  these  vessels  are  very  similar 
to  the  phenomena  seen  in  inflammation  of  veins,  viz.  inflammatory 
swelling  of  the  intimal  endothelium  and  the  other  coats  of  the  vessels, 
leucocyte -in  filtration  and  oedema  of  the  surrounding  tissues  (perilymph- 
angitis), and,  perhaps,  thrombosis  of  the  lymph  in  the  lumen  of  the 
vessel.  The  prolife rating  cells  of  the  endo-  and  peri-thelial  coats  of 
lymphatics  are  an  important  source  of  the  large  mononuclear  cells  of 
exudates  in  many  inflammatory  conditions.  Long  continued  or  repeated 
attacks  may  lead  to  chronic  lymphangitis,  a  condition  which  is  seen  in 
an  exaggerated  form  in  elephantiasis  (see  p.  435). 

Chronic  lymphangitis  is  often  due  to  some  specific  infective  agent, 
especially  the  organisms  of  tuberculosis,  syphilis,  glanders,  and  allied 
diseases.  Tuberculous  lymphangitis  is  well  seen  in  the  subperitoneal 
lymphatics  and  lacteals  which  become  infected  from  a  tuberculous  ulcer 
of  the  intestine,  where  they  may  be  observed  as  whitish  lines  dotted  with 
small  tuberculous  granulations.  In  glanders,  the  lymphatic  trunks  are 
speciallv  affected,  and  shew  as  thickened  cord-like  masses — the  so-called 
farcy-pipes  seen  in  the  horse. 

LYMPHANGIECTASIS.  Congenital  lymphangiectasis  may  occur  in 
various  forms,  e.g.  in  a  more  or  less  circumscribed  form  in  lymphangiomas 
(see  p.  321),  or  in  a  more  or  less  diffuse  variety  affecting  the  tongue 
(macroglossia),  lip  (macrochilia),  or  vulva. 

In  its  acquired  form,  the  condition  seldom  arises  from  obstruction  of 
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the  flow  in  the  lymphatic  ases  o!  filarial  infection.,  h 

the]  nilt  wurin.  Filar  ofli,m&)  *ular 

varicose  condition  of  the  lymphatics  of  the  groin,  pelvis,  and  abdomen; 
or  the  impaction  of  tin*  prematurely  dischai  Led-up  1. 

of  the  parasite  may  lead  to  wide-spn  of  the  BmaDer  lymph- 

channels,  this  %long  with  recurring  inflammaJ  -produ 

the  condition  of  elephantiasis.    The  lymphatics  may  rupture  and  lead  to 
I  chyle,  e.g.  in  filarial  infection,  givii  o  chylous  ascites, 

chyluria,  chylocele,  etc.,  according  to  the  site  of  rapture  (see  p.  I 
Chylous  may   also  occasionally  arise  from    the    |  e    of 

tuberculous  glands,  etc.,  upon  the  receptaculum  chyli. 

Dilatation-cysts,  usually  minute  in  size,  are   \.m  mon  upon  the 

ealfl  in  the  intestinal  wall  or  mesentery,  and   may  be  recognised  by 
their  milky,  fluid  contents. 

NEW  GROWTHS.  -Primary  tumours  of  lymphatic  vessels  are  s 
what  rare.  They  are  usually  congenital,  and  may  occur  as  plexiform, 
or,  more  commonly,  as  cavernous,  lymphangiomata,  e.g.  in  the  skin 
and  subcutaneous  tissue,  or,  very  rarely,  in  the  ovary,  hilus  of  the  kidney, 
and  elsewhere.  Occasionally,  they  may  be  combined  with  adenomatous 
tumours,  e.g.  in  connection  with  the  parotid,  pituitary,  and  other  gla 
Cystic  tumours  of  lymphatics  or  hygromas  may  be  found  about  the  neck, 
face,  and  elsewhere.  Cystic  formations  may  also  occur  in  connection 
with  membranes,  usually  as  diverticula  which  may  become  shut 

of!  from  the  main  sac,  e.g.  ganglia  in  the  case  of  synovial  membranes. 

Secondary  infiltration  along  lymphatics  is  very  common  in  the 
of  malignant  tumours,  especially  cancers  and  melanotic  sarcomas. 

LYMPHATIC   GLANDS 

The  lymphadenoid  tissue  of  the  body  is  not  found,  only  in  the  form  of 
lymphatic  glands,  hut  also  in  the  Peyer's  patches  and  solitary  follicles  of  the 
intestine,  lymphoid  tissue  of  the  tonsils  and  pharynx,  the  bronchial  lymphoid 
sheaths,  periarterial  lymphoid  tissue  of  the  spleen  (Malpighian  bodies),  mesen- 
tery, and  elsewhere,  and  in  the  thymus  gland  before  it  atrophies.  In  all  of 
these,  tie-  Lymphadenoid  tissue  may  1"'  affected  and  read  in  very  much  the 
same  way  in  various  pathological  conditions,  the  differences  depending  mainly 
upon  the  anatomical  distribution  of  the  tissue. 

tically  all  th«-  lymphatic  trunks  draining  the  ti-  pour 

their  contents  into  the  lymphatic  glands,  which  are  arranged  usually  in  groups. 
These  ad  a-  filters  for  the  Lymph  as  it  passes  through  them  into  the  efferent 

and  they  arc  therefore  specially  liable  to  infection  by  bactei 
other  infccti.  carried  in  the  lymph,  as  well  as  to  the  deposit  in 

them  of  tumour-cells,  and  of  pigment  or  other  particulate  substances  brought 
to  them  in  the  same  way. 

The  afferent  lymphatics,  before  entering  tin-  Bubstanoe  of  the  gland,  break 

up  into  a  line  network  Up  rface.      [from  this,  the  lymph  is  carried  by 

tine  channels  into  the  lacunar  system  of  lymph-sinuses  in  the  cortex,  and  then 
through  a  similar  network  in  the  medulla,  from  which  it  i>  collected  by  several 
channels  which  unite  in  the  hilus  of  the  gland  to  form  the  efferent  lymphatic 
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vessel.  Organisms,  tumour-cells,  and  particulate  substances  brought  by  the 
lymph-stream  are  thus  specially  liable  to  be  caught  in  the  surface  plexus, 
in  the  sinuses  of  the  cortex  and  medulla,  or  in  some  other  part  of  the  filtering 
system  alluded  to;  whilst  similar  substances  brought  by  the  blood-stream 
are  more  likely  to  affect  the  Ivmph-follicular  system  of  the  gland,  on  account 
of  the  fact  that  the  arteries,  after  entering  the  gland  and  running  in  the  trabec- 
ulaa,  are  distributed  mainly  to  this  element  of  the  glandular  structure.  For 
this  reason,  the  lvmph-follicular  tissue  is  also  very  readily  affected  by  anything 
causing  hyperemia  of  the  glands,  and  by  inflammatory,  septic  and  toxic- 
conditions  acting  through  the  blood-stream.  The  reticulum  of  both  the 
lymphadenoid  and  the  sinus  systems  is  composed  of  fine  cells  with  branching 
and  anastomosing  processes  and  fibres,  around  which  are  wrapped  flattened 
endothelial  cells  which  readily  react  in  certain  pathological  conditions.  In 
the  lymphadenoid  areas  (lymph-follicles  or  cords),  the  meshes  of  this  reticulum 
are  occupied  by  the  closely  packed  lymphoid  cells  or  lymphocytes. 


Fio.  283. — Section  of  Normal  Lymphatic  Gland.  In  the  capsule  are  seen  sections  of  the 
plexus  formed  by  the  afferent  lymphatics.  The  darker  areas  are  the  lvmph-follicular 
cords,  to  which  a  small  artery  is  seen  passing  (in  centre  of  section).  Tho  paler  areas 
aro  tho  lymph-sinuses.      X50. 

The  classification  of  diseases  characterised  by  enlargement  of  the 
lymphatic  glands,  or  of  the  spleen,  or  of  these  structures  together,  is  a 
problem  of  great  difficulty  ;  and,  frequently,  it  is  only  by  examination  of 
the  blood  that  such  oases  can  be  differentiated  from  one  another.  Thus, 
in  their  clinical  history  and  naked-eve  morbid  anatomy,  some  ca» 
lymphadenoma  or  Hodgkin's  disease  closely  simulate  leucocythaemia, 
whilst,  in  other  respects,  they  closely  resemble  chronic  infective  glandular 
overgrowths  such  as  may  occur  in  tuberculosis,  syphilis,  and  similar 
conditions.     In   other  instances,   it   is  difficult  to  differentiate 
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lymphadenoma  fn>m  true  tumour-formations  Buch  as  lymphomas  and 
lymphosarcomas  ;  whilst  cases  of  splenic  anaemia  form  another  group 
which  must  be  differentiated  from  them. 

Whether  these  diseases  should  be  classified  as  morbid  conditions  of 
the  blood,  or  as  diseases  of  the  lymphatic  glands  and  spleen,  is  a  much 
debated   point,  but.  as  has  already  been  indicated  when  di  _  per- 

nicious anaemia  and  the  leukaemias,  many  conditions  formerly  described 
and  classified  as  ';  primary  blood-diseases  "  must  now  be  regarded  M 
manifestations  of  certain  reactions  in  the  blood-forming  tissues,  produced 
by  infective  or  other  causes  of  known  or  unknown  nature.  Much  of  what 
has  already  been  said  with  regard  to  the  role  played  by  the  bone-marrow 
in  such  conditions  may,  therefore,  also  be  applied  to  the  hemopoietic  tis 
concerned  with  the  production  of  the  lymphocytes,  viz.  the  lymphatic 
glands,  spleen,  and  lymphoid  tissues  generally;  but  it  must  be  borne 
in  mind  that  these  tissues,  just  as  in  the  case  of  the  marrow,  also  po- 
important  phagocytic,  cytolytic,  and  other  functions,  which  may  become 
exaggerated  or  perverted  under  pathological  conditions. 

ATROPHY  of  lymphatic  glands,  and  of  lymphoid  tissue  generally, 
is  found  as  a  senile  condition.  It  is  accompanied  by  fibrosis  of  the 
gland-tissue,  with  diminution  in  the  number  of  lymphocytes — of  which 
there  is  less  active  proliferation — associated  with  the  diminished  meta- 
bolism of  old  age.  Similar  senile  atrophic  changes  are  found  in  the 
Malphigian  bodies  of  the  spleen,  in  the  Peyer's  patches  and  solitary 
lymphoid  follicles  of  the  intestine,  and  in  lymphoid  tissue  elsewhere. 
The  lymphatic  glands  become  smaller  and  firmer,  though  their  bulk 
may  be  partly  maintained  by  the  infiltration  of  certain  areas  with  fat 
—a  phenomenon  also  observed  not  infrequently  in,  say,  the  axillary 
and  other  glands  in  the  neighbourhood  of  scirrhus  cancer  of  the 
breast,  quite  apart  from,  as  well  as  in  association  with,  any  pheno- 
mena due  to  secondary  infiltration  of  the  glands  with  tumour-tells. 
Atrophy  of  the  lymphadenoid  tissues,  in  association  with  atrophy  of 
other  tissues,  is  also  seen  in  many  wasting  conditions,  and  is  often  very 
marked  in  marasmic  infants  and  children. 

WAXY    or   AMYLOID    DEGENERATION.— The    lymphatic    glands 
are  a  not  infrequent  scat  of  this  change.    The  glands  may  be  enlai 
and   indurated.     On  section,  they   may  shew   little   apparent   alteration 
he  naked  eye,  and  require  microscopical  examination  with  Bpecia] 
staining  reagents;   or  they  may  present  a  pale,  whitish.  Bhining  appear- 
ance, with  small  translucent  points  which  stain  dark  brown  with  iodine. 
The  change  is  usually  most  marked  in  the  connective  tissue  around  and 
in  the  walls  of  the  arterioles  and  the  capillaries  arising  from  them.     It 
is  best  seen,  therefore,  at  the  centres  of  the  lymph-follicles,  where  tl 
vessels  are  situated.    The  degeneration  affects  also  the  fibres  of  the 
adenoid  reticulum.     The  affected  structures  shew  the  usual  homogen< 
swelling,  and  the  characteristic  staining  reactions  with  methyl  violet, 
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etc.    The   intervening   cellular   elements,    especially   the    lymphocytes, 
become  correspondingly  compressed  and  atrophied. 

PIGMENTATION.— Foreign  particles  may  be  carried  to,  and  deposited 
in,  lymphatic  glands,  which,  as  already  explained,  act  as  niters  for  the 
lymph-stream.  Such  pai tides  are  usually  contained  within  phagocytic 
cells — polymorphonuclear  or  mononuclear,  as  the  case  may  be.  These 
cells,  which  have  taken  up  such  pigment  from  the  area  drained  by  the 
lymphatics  passing  to  some  gland  or  group  of  glands,  carry  the  particles 
to  these  glands,  and  may  either  deposit  their  contained  particles  in  them, 
or  may  themselves,  along  with  their  contents,  be  englobed  by  the  actively 
phagocytic  endothelial  cells  lining  the  lymph-sinuses,  etc.  Such  particles 
are  deposited,  first  in  the  peripheral  network  on  the  surface  of  the  gland, 
then  in  the  lymph-sinuses  of  the  cortex  and  of  the  medulla.  They  may 
also  be  found  later  in  the  lymphoid  follicular  tissue  of  the  cortex;  and, 
lastly,  the  whole  glandular  structure  may  be  crowded  with  pigment. 
The  commonest  variety  of  such  glandular  pigmentation  is  to  be  seen  in 
the  bronchial  glands,  to  which  particles  of  carbon  inhaled  into  the  lung 
are  carried.  A  considerable  degree  of  such  pigmentation  is  present  in 
practically  all  town  dwellers,  but  it  occurs  in  its  most  exaggerated  form 
in  anthracosis  or  coal-miners'  disease,  in  cases  of  which  the  pigment  is 
not  only  carried  from  the  lung  to  the  bronchial  glands,  but  it  may  be 
found  in  the  mediastinal  and  abdominal  glands,  and,  in  extreme  cases, 
in  practically  all  the  lymphatic  glands  of  the  body. 

Particles  of  stone  and  other  pigments  may  be  found  under  similar 
circumstances.  In  tattooing,  a  large  part  of  the  pigment  introduced  under 
the  skin  is  carried  by  phagocytic  cells  to  the  neighbouring  lymphatic 
glands.  In  the  same  way,  large  quantities  of  blood-pigment  may  be 
found  in  glands  near  haemorrhages  or  wounds. 

Such  pigment,  of  whatever  nature,  is  usually  contained  within  cells — 
first  in  the  phagocytic  wandering  cells  which  bring  it  to  the  gland,  and 
then  in  the  endothelial  cells  lining  the  lymph-sinuses.  When  pigment- 
ation of  the  follicular  tissue  occurs,  the  particles  are  often  deposited  and 
found,  free. 

The  presence  of  pigment  leads  to  proliferation  of  the  endothelial  cells 
of  the  sinuses,  and  to  progressive  thickening  of  the  reticulum,  apparently 
from  defective  nutrition  from  interference  with  the  functions  of  the 
investing  cells  which  govern  the  nutrition  of  the  fibres.  These  changes 
lead  to  compression-atrophy  of  the  lymphoid  cells,  and  may  end  in  complete 
fibrosis  of  the  whole  gland-structure. 

LYMPHADENITIS.— Acute  inflammatory  changes  are  very  common 
in  lymphatic  glands,  as  these  structures  are,  from  their  anatomical  position 
and  functions,  extremely  liable  to  become  affected  by  septic  irritants. 
These  may  be  either  the  toxins  of  bacteria  or  other  organisms,  or  the 
organisms  themselves;  and,  in  many  cases,  both  these  factors  are  at 
work.     Such  irritant  material  may  be  carried  to  the  glands  either  by  the 
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lymph-  or  by  the  blood-stream;  and,  in  each  of  these  ii  the 

ma  may  differ  somewhat,  according  to  the  distribution  of  the  lymphatics 
and  of  the  blood-vessels.     Tims,  irritant.-  brought   by  the  latter  will  act 
first  upon   the  lymphoid  follicles  of  which  there  may  be  hyperemia, 
swelling  and  softening;    whilsl  the  sinus-system  may  be  most  affi 
where  there  is  lymphatic  infection.     Bai  aching  the  glands  in  the 

latter  way.  tend  first  to  infect  the  Burface  plexus  of  lymphatics,  then  the 
sinuses  of  the  cortex  and  of  the  medulla,  and,  lastly,  the  lymphoid  ti 
In  the  majority  of  infections,  however,  all  the  structural  elements  of  the 
glands  are  usually  affected  together,  though  often  in  varying  degree. 

In  Acute  Lymphadenitis,  whether  due  to  soluble  toxins  or  to  organisi 
there  is  usually  distinct,  and  sometimes  very  marked,  swelling  of  the 
glands — varying  considerably,  however,  according  to  the  nature  of  the 
irritant.  There  is  usually  softening,  sometimes  considerable,  and,  in 
extreme  cases,  necrosis  of  the  gland-tissue.  In  the  earlier  stages  of  the 
inflammation,  there  is  at  first,  hyperaemia,  shewing  as  small  points  of 
congestion  corresponding  to  the  lymph-follicular  cords,  but  later  becoming 
more  diffuse  and  presenting  a  pale  rose-pink  tint,  which,  however,  may 
rapidly  pass  off — e.  g.  in  a  few  hours — as  the  gland-tissue  becomes  swollen 
and  packed  with  cells.  Fibrin  is  often  present  in  considerable  amount. 
In  intense  cases,  haemorrhages  may  occur.  These  may  be  punctiform: 
or,  in  some  instances,  diffuse — e.g.  in  the  bronchial  glands  in  wToolsor 
disease.  Where  haemorrhages  do  not  occur,  the  colour  of  the  inflamed 
glands  rapidly  becomes  paler,  and  then  of  a  wThitish  or  yellowish- white 
tint,  the  whole  gland  structure  becoming  crowded  with  cells — lympho- 
cytes, proliferated  cells  from  the  endothelial  and  perithelial  coats  of 
the  lymphatics,  and  polymorphonuclear  leucocytes.  In  some  cases,  the 
causal  organism  may  be  found,  e.  g.  B.  typhosus  in  the  mesenteric  and  other 
glands  in  typhoid  fever,  Staphylococci,  Streptococci,  B.  anthracis,  etc.; 
but,  frequently,  such  organisms  rapidly  disappear  as  a  result  of  phi 
cytosis.  In  bubonic  plague,  enormous  numbers  of  B.  pestis  may  be 
closely  packed  and  completely  filling  the  lymph-sinuses,  and  can  be 
obtained  during  life  by  puncture  of  the  infected  glands.  One  or  more 
groups  of  these  enlarged  glands  or  buboes  may  be  found,  occurring  first,  as 
a  rule,  in  the  groin,  or,  less  frequently,  in  the  axilla  or  elsewhere,  according 
to  the  original  site  of  inoculation.  The  intense  inflammatory  reaction 
and  swelling  is  usually  luemorrhagic  in  character,  and  spreads  to  the 
BUnounding  tissues,  matting  the  glands  together.  Necrotic  softening 
may  BUpervene,  in  which  case  the  causal  bacteria  diminish  in  numbers 
and  may  l>e  difficult  t<»  find.  In  soft  sore  or  soft  chancre,  buboes  often 
occur  in  the  inguinal  glands,  and  Ducrey's  bacillus,  with  OI  without 
superadded  pyogenetlC  bacteria,  may  be  obtained   by  idand-piu.ct  me. 

The  inflammatory  process  may  spread  to   the  periglandular   tissues, 
and  neighbouring  glands  may  become  matted  together  by  an  oedemal 

and  gelatinous-like  inflammatory  material. 

Where  the  inflammation  has  not  been  too  severe,  it  may  gradually 
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pass  of? ;  but  there  is  usually  left  some  degree  of  enlargement  and  indur- 
ation ;  and,  especially  if  there  have  been  repeated  acute  attacks,  a  chronic 
fibroid  condition,  with  atrophy  of  the  lymphoid  cells,  usually  supervenes. 

The  presence  of  pyogenetic  bacteria  may  lead  to  suppuration,  com- 
mencing as  minute  purulent  foci,  which  may  become  confluent  and  lead 
to  the  formation  of  an  abscess,  confined  to  one,  or  to  a  fused  group  of 
glands :  or  spreading  to  the  periglandular  tissues,  and,  if  on  the  surface 
or  near  a  cavity,  usually  rupturing  and  discharging  its  contents. 

Chronic  Lymphadenitis  may  be  due  to  long-continued  irritation. 
Apart  from  tuberculosis  and  syphilis,  it  may  result  from  recurrent  acute 
attacks  ;  or  it  may  be  due  to  the  presence  of  pigment  (see  above),  e.g. 
carbon-particles  in  the  case  of  the  bronchial  glands.  The  lesion,  in  such 
cases  is  practically  always  a  chronic  fibrosis  with  atrophy  of  the  cellular 
elements.  Where  calcification  occurs,  chronic  tuberculosis  is  the  com- 
monest antecedent  lesion. 

LYMPHATIC  TUBERCULOSIS  :— 

TUBERCULOSIS  OF  SEROUS  MEMBRANES.  (See  under  Peri- 
cardium, Pleura,  Peritoneum,  etc.) 

TUBERCULOSIS  OF  LYMPHATIC  VESSELS  has  already  been  de- 
scribed (see  p.  629). 

TUBERCULOSIS  OF  LYMPHATIC  GLANDS.— This  condition  of 
lymphatic  glands  may  be  acute  or  chronic,  and  infection  may  occur  either 
by  way  of  lymphatics  or  of  blood-vessels — very  much  more  commonly 
by  the  former  of  these  channels.  In  some  instances,  the  tuberculosis  of 
the  lymphatic  glands  is  primary.  Thus,  the  mesenteric  glands  may  be 
infected  by  tubercle  bacilli  which  pass  directly  through  the  intestinal 
mucous  membrane  into  the  afferent  lymphatic  channels  or  lacteals,  and 
so  find  their  way  to  the  glands ;  or  the  cervical  glands  may  be  similarly 
infected  by  organisms  which  pass  through  the  tonsils,  pharyngeal  mucous 
membrane,  etc.  Frequently,  however,  some  catarrhal  inflammation  may 
be  present  and  aid  the  entrance  of  the  bacilli  through  the  mucous  mem- 
brane, e.g.  of  the  intestine.  In  the  case  of  the  tonsil  and  pharyngeal 
lymphoid  tissue,  actual  tuberculosis  of  these  structures,  with  formation 
of  giant-cell  systems,  is  common,  and,  a  certain  proportion  of  cases  of 
supposed  primary  tuberculosis  of  cervical  glands,  is  undoubtedly  due  to 
secondary  infection  from  the  primary  tuberculous  lesions  in  these  tissues. 

Secondary  infection  of  lymphatic  glands,  due  to  the  spread  of  the 
bacilli  from  some  other  focus  of  disease,  is  extremely  common,  for  example 
in  the  case  of  the  bronchial  and  other  mediastinal  glands  in  tuberculous 
disease  of  the  lungs;  though,  in  this  connection,  it  should  be  mentioned 
that  the  lung-tissue  itself  is  very  frequently  infected  by  way  of  the  cervical, 
mediastinal,  and  bronchial  glands,  the  entrance  of  the  bacilli  being 
effected  by  the  mouth,  nose,  or  ear — perhaps  most  frequently  from 
carious  teeth  or  by  way  of  the  tonsils.  Such  infections  are  commonest 
in  childhood  and  in  early  adult  life,  but  may  be  found  at  almost  any 
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Fio.  284. — Mass  of  Tuberculous  Cervical  Glands  from  a  case  simulating 
Hodgkin's  disease. 


B8& — Tuberculosis  of   M  Qlaodl  in  c hilcl  (Tabes  mcsenterica). 
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age.  The  glands  at  the  brim  of  the  pelvis,  especially  towards  the  right 
iliac  fossa,  are  often  affected  in  young  adults,  infection  occurring  probably 
by  way  of  the  caecum  or  commencement  of  the  ascending  colon.  Infection 
of  the  mesenteric  glands — tabes  mesenterica — has  already  been  mentioned, 
and  occurs  especially  in  childhood,  the  chain  of  glands  at  the  ileo-caecal 
junction  being  particularly  liable  to  infection,  though  any  or  all  the 
mesenteric  glands  may  be  affected ;    and,  from  them,  the  disease  may 


Fig.  286. — Tuberculosis  of  Retroperitoneal  Lymphatic  Glands  around 
Abdominal  Aorta  (from  same  case  as  fig.  284). 


spread  to  the  retroperitoneal  and  other  abdominal  groups,  and  to  the 
mediastinal  and  bronchial  glands,  etc. 

Tuberculosis  of  lymphatic  glands  may  remain  localised  for  a  very 
long  period,  and  gradual  spontaneous  recovery  may  take  place;  but, 
more  commonly,  the  condition  produces  secondary  infection  of  other 
glands,  and  leads  to  more  wide-spread  tuberculosis.  Such  extension 
may  be  either  acute  or  chronic,  and,  in  the  latter  case,  it  may  be  very 
gradual. 

Before  the  discovery  of  B.  tuberculosis,  it  was  difficult  to  classify 
many  of  the  markedly  diverse  types  of  glandular  lesion  which  are  now 
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known  to  be  piodooed  by  it.    In  any  g  two  sets  of  processes 

may    be  observed   in   the  tubercul  (1)  destructive  changes 

produced  by  the  bacilli,  e.g.  caseatioi  :  and  (2)  reparative 

changes  on  the  part  of  the  tissues,  mostly  oi  thi  ceOulai 

lifeiation  and  fibrous-tic  wth,  by  oi  which  empt 

is  made  to  localise  or  isolate  the  bacilli.    Th 
the  variation  being  dependent  on  th<  the  individual 

the  genera]  characters  of  the  bacilli.    The  more  and  virulent 

adion  of  the  bacilli  and  their  toxins,  the  more  wide-spread  the 
and  caseation,  especially  if  the  resisting  power  of  the  I  s  feeble; 

whereas,  if  resistance  is  good  and  the  action  oi  the  bacilli  weaker, 
wth  of  the  of  the  gland  occurs  around  the  lesion. 

The   following   types   of   tuberculous   lesion   in    glands   may    be 
tinguished  : — 

1.  Giant-cell  systems,  with  the  usual  epi-  or,  more  accurately,  - 
thelioid  and  lymphocyte-like  cells  around  them.  This  form  ma 
either  acute  or  chronic,  and  is  well  seen  in  the  bronchial  glands  in  i 
of  phthisis.     The  affected  glands  may  shew  little  change  to  the  n, 

:    or  minute,  white,  or  greyish-white,  nodules,  best  seen  in  pi_ 
glands,  may  be  present,  the  intervening  gland-tissue  often  presenting  a 
bed    pinkish    appearance.      Such   glands   may   gradually    become 
fibrous,  with  the  occurrence  of  little  or  no  caseation. 

2.  In  other  instances,  glands  may  undergo  rapid  caseation.  The 
minute  multiple  areas,  first  observed,   enlarge,  coalesce,  and  come  to 

ent  a  whitish  or  yellowish-white  appearance  like  the  cut  surface  of  a 
potato  or  cheese.  This  condition  may  spread  throughout  the  whole,  or  a 
large  part,  of  the  gland;  and,  when  this  is  the  case,  it  is  not  uncommon 
to  find  I  softening  and  an  abscess-like  condition  !;i»g;   or 

tie*  caseoufl  mat  dial,  contained  within  the  thickened  fibrous-tissue  capsule 
of  the  gland,  may.  in  whole  or  in  part,  become  infiltrated  with  lime-salts 
and  become  <»f  stony  hardness — a  condition  most  frequently  seen  in  the 
bronchial  or  mesenteric  glands. 

3.  In  some  i  the  lymphatic  glands  may  become  enlarged,  with 
great  proliferation  of  the  endothelial  cells  of  the  lymph-sinuses.  These 
cells  separate  oil  and  become  rounded,  and  ma  ind  in  great  mm 

in  the  sinuses,  causing  compression-atrophy  of  the  Lymph-folliculi 

which  do  not  become  proliferated.    This  condition,  before  its  tuberculous 

nature  v.  oribed  as  "  large  celled  hyperplasia'1  oi 

lymphatic  glands,  a  somewhat    similar  change  OCCUTI  iiilis. 

ant-cell'  : i is  can  be  found  in  such  glands,  and  it 

may  be  difficult  to  differentiate  them  from  other  chronic  inflammaj 

condition-.    Ifo]  i  certain  of  this  I 

produced    by  the  toxins    done,  apart    from  the  lllus 

itself  in  the  gland.    Glands  shewing  tuberculosis  of  this  chronic  h\ 
plastic-  type  may,  later,  undei  i&ion  and  calcification,  the  endothelial 

becoming  swollen,  granular,   and  .  and  fusing  to  form  a 
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homogeneous  caseous  mass.  This  form  of  tuberculosis  is  often  found 
in  the  bronchial  and  mesenteric  glands;  and  it  is  also  seen  in  certain 
cases  where  wide-spread  enlargement  of  practically  all  the  lymphatic 
glands  of  the  body  occurs.  In  these  cases,  the  glands  may  form  large 
tumour-like  masses,  e.g.  in  the  neck,  axilla,  mediastinum,  abdomen,  etc., 
closely  resembling  the  condition  found  in  Hodgkin's  disease,  from  which 
it  is  sometimes  difficult  to  differentiate  this  form  of  tuberculosis  clinically 
(see  figs.  284,  286,  and  288). 

Tubercle  bacilli  may  be  found  microscopically  in  tuberculous  glands.  In 
some  of  the  acute  caseating  forms,  they  may  be  present  in  great  numbers ; 
but,  in  many  cases,  especially  in  the  variety  last  described,  none — at  all 


Fig.  287. — Lymphatic  Gland,  shewing  tubercle-follicles  with  caseation 
and  giant-cell  formation,     x  50. 

events  in  the  form  of  acid-proof  *  bacilli — may  be  found  microscopically  ; 
though  their  presence  in  an  infective  form  may  be  demonstrated  by 
inoculation  into  a  susceptible  animal  such  as  a  guinea-pig.  Full  dis- 
cussion of  the  types  of  the  tubercle  bacillus  causing  glandular  infection 
must  be  left  to  the  special  books  on  Bacteriology.  It  is  sufficient  here 
to  mention  that  work  by  Mitchell2  and  others  has  proved  that,  in  a 
very  large  proportion  (in  some  areas  as  many  as  90  per  cent,  of  cases 

1  Investigations  by  Much  seem  to  shew  the  probability  of  the  existence 
of  certain  infective  forms  of  the  tubercle  bacillus  other  than  the  well-recognised 
acid-proof  form.     Much  describes,  in  addition  to  (a)  the  ordinary  acid-proof  bacillus 

stainable  by  the  Ziehl-N'eelscn  method,  {!>)  a  non-acid-proof  hacillarv  form,  often 

shewing  well-marked  granules,  and  (c)  free  non-acid-proof  granules,    The  latter 

two  forms  can  he  stained  by  a  modified  Gram's  method. 

2  Mitchell,  "The  Infection  of  Children  with  the  Bovine  Tubercle  Bacillus." 
Brit.  Med.  Jour..  January  17,  Mill. 
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of  tuberculous  adenitis  in   infants  and   children)  the  infection   is   pro- 
duced by  the  bovine  type  Has. 

Waxy  or  amyloid  disease  mi  i  in  the  bxonic  tuber- 

culo 

SYPHILITIC  LYMPHADENITIS.   -The  glands  into  which  the  lymph- 
atics draining  the  area  of  the  primary  sore  open,  b 
hard,  the  ohanges  being  inflammatory  in  character.     In  the  sore  and 
in  the  enlarged  inguinal  -lauds,  the  spirochetes  may  be  found  in  large 
numbers,  and  their  demonstration  will  prove  the  case  to  be  syphilis 

very  early  stage     a  fact  of  great  di;.  value  in  early  doubtful  < 

before  the  establishment  of  a  positive  Wassermann  Reaction  in  the  blood. 

Suppuration  may  be  superadded  from  .secondary  infection  with  p\ 
i.    During  the  secondary  stage  of  the  disease,  a  wide-spread 
ment  of  lymphatic  glands  may  occur,  chars  I  by  proliferation  of 

the   endothelial   cells   of   the   sinuses   and   thickening   of   the    reticulum. 

Gummata  may   form   in   the  glands,   but    are    somewhat   uncommon. 

>ionally.  in  congenital  cases  of  syphilis  and  in  late  secondary  infection, 

glandular   enlargement    may    be    so    marked    as    to    simulate    llodgkin's 

disc i 

m  important  cause  of  waxy  disease  in  glands,  as  in  other 

organs  and  tlSSU< 

HODGKIN'S    DISEASE,   or   LYMPHADENOMA.— That   this  die 

B  distinct  pathological  entity  has  been  denied  by  many; 
whilst,  in  the  literature  of  the  subject,  several  distinct  conditions,  some 
of  which  have  been  referred  to  on  p.  631,  have  been  erroneously  described 
under  this  name.  When  these  are  excluded,  there  remains,  however, 
a  definite   group  of  'he  characteristics  of  which  are  sufficiently 

distinctive  to  warrant  their  classification  under  the  term  Hodgkin's  disease 
or  lymphadenoma. 

In  a  typical  case,  there  occurs  a  progressive  enlargement  of  the  lymph- 
atic glands,  usually  beginning  in  the  cervical,  or.  less  commonly,  in  the 
inguinal,  axillary,  or  some  other  group.  This  enlargement  may  com- 
mence on  one  Bide,  Bpread  progressively  to  the  opposite  side,  and  to  the 

other   lymphatic    glands   and    lymphoid  tissues  of   the    body,  though,  in 
the  condition  may  remain  localised  in 01  I  glands  for  a 

The  thymus  ma;.  mally  be  the  primary  seat  (Ribbert). 

V     "in*'  period  of  the  disease,  varying  in  individual  cases,  though  some- 
times comparatively  late  in  r  .  .  the  spleen  becomes  affected.    Mild 

dar  pyrexia  is  usually  a  feature  of  the  d  In  the  earliei 

the  blood  may  shew  comparatively  little  alteration,  but.  as  the  dia 
advances,  a  ive  type  of  secondary  anaemia  tished. 

erythrocytes  may  shew  a  moderate  reduction  in  their  number,  but  seldom 

1  Discussion  dm    Enlargement    <>f    Cervical    Lymph  ilis. 

II.  (  .  C  »mep  ■..  I  .  ■'.  P     atoD  and  1  s  <iety 

on  oi  Children*!  Diseases.    V6L   XI 11.   K  mber 
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fall  below  2,000,000  per  c.mm.  Nucleated  red  cells  are  not  commonly 
found.  The  haemoglobin  is  usually  considerably  reduced  in  amount. 
Variations  in  the  numbers  of  the  white  cells  are  not  especially  charac- 
teristic. In  some  instances  they  are  distinctly  diminished,  but  many 
cases  have  been  reported  in  which  they  have  been  increased.  Eosino- 
philia  has  been  described  in  several  cases.  The  lymphocytes  may  shew 
slight  relative  increase,  in  cases  where  the  indurative  changes  in  the 
glands  and  spleen  are  not  so  pronounced  as  usual.  Marked  polymorpho- 
nuclear leucocytosis  may  supervene  from  the  presence  of  secondary 
complications,  a  fact  which  probably  explains  why  some  cases  of  Hodgkin's 
disease  have  been  regarded  as  undergoing  leuksemic  transformation. 
Periods  of  quiescence,  or  even  spontaneous  diminution  in  the  size  of  the 
enlarged  glands,  may  occur  during  the  course  of  the  disease,  especially 
as  a  terminal  phenomenon  in  some  cases;  but,  as  a  rule,  the  condition 
is  a  progressive  one,  practically  always  leading  to  a  fatal  termination. 
Death  may  supervene  from  asthenia,  or  from  pressure  of  the  enlarged 
glands  upon  some  important  structure,  for  example  the  trachea  or  bronchi, 
lungs,  heart,  bile-duct,  or  some  of  the  great  vessels  or  nerves.  From  the 
same  cause,  paralysis,  dropsy,  and  other  phenomena  may  occur.  There 
appears  to  be  little  tendency  to  the  occurrence  of  haemorrhages. 

^Etiology. — Practically  nothing  is  known  of  the  ultimate  cause  of  the 
disease.  Males  are  more  commonly  attacked  than  females,  and  it  is 
during  adolescence  and  early  adult  life  that  the  majority  of  cases  occur. 
Although  the  condition  in  some  ways  resembles  tumour-formation,  it 
has  closer  analogies  with  certain  chronic  infective  processes,  especially 
those  seen  in  tuberculosis  and  syphilis,  and  it  appears  not  unlikely  that  it 
may  ultimately  be  found  to  be  caused  by  some,  as  yet  unknown,  infective 
agent.  The  disease  does  not  appear  to  be  due  to  Bacillus  tuberculosis, 
as  has  been  alleged  by  some  observers ;  and  experimental  inoculation 
into  animals  of  material  from  uncomplicated  cases  has  failed  to  demon- 
strate the  presence  of  this  organism,  and,  in  such  cases,  the  tuberculin- 
test  has  also  proved  negative  (Reed).  Tuberculosis,  however,  is  not 
an  uncommon  complication  of  the  disease.  Various  observers  have 
described  the  occurrence  of  spirochsetes,  or  the  growth  of  diphtheroid 
and  other  organisms  from  the  glands  in  Hodgkin's  disease,  and  special 
attention  has  been  directed  to  the  occurrence  of  one  diphtheroid  (Coryne- 
bacterium  granulomatis  maligni  of  Negri  and  Miermet)  as  a  possible 
serological  factor.  The  evidence,  however,  of  the  relationship  of  any 
of  these  organisms  to  the  disease  is  very  inconclusive,  Cunningham,  of 
the  Roosevelt  Hospital,  New  York,  considering  the  diphtheroid  bacillus 
to  be  a  laboratory  contamination.  Billings  and  Rosenow  state  that  fchey 
have  isolated  an  organism  from  twelve  cases,  and  have  treated  these  with 
vaccines  made  from  the  cultures,  apparently  with  some  success.  Their 
results,   however,    await   further   confirmation.     Stewart    and    Dobgon  * 

1  Brit.  Jour.  Exper.  Path..  April  L924,  vol.  v..  No,  2,  p.  I 
41 
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confirm  fche  negative  findings  of  othez  illation  and 

implantation  experiments  in  monk.'  Meantime,  the 

true  aetiology  of  the  i  must  be  U  unknown. 

Morbid  Anatomy.-— Though  the  disease  may  remain  localised  foi  a 
varying  period  >b\  the  time  death  supervenes,  the  lymphatic  glands 
throughout  the  body,  especially  in  the  positions  already  mentioned 

usually    greatly    enlarged,    and 
form    considerable    tumour-like 

fr^U^.  masses,     the    individual     glands 

\t^     ,  bring  often  as  U 

or  a  he  Unless  m 

ether  by  secondary  inflamma- 
tory adhesions,  they  remain  more 
or  Le  rte,being  held  together 

by  loose  connective  tiasue,  which 

can  be  easily  separated.    There  is 

usually  no  tendency  to  infiltrate 
the  surrounding  parts,  though 
such  infiltration  has  been  de- 
scribed in  exceptional  cases.  The 
individual  glands  vary  somewhat 
in  consistence.  In  some  cases — 
especially  in  the  earlier  and  more 
acute  forms — they  are  soft;  but, 
more  commonly,  especially  where 
the  disease  has  lasted  some  time, 
they  are  indurated,  firm,  and 
*  elastic.  It  is  not  uncommon  to 
find  softer  and  more  indurated 
glands  side  by  side  in  the  same 
On  section,  they  may  shew 
a    pale  pinkish  tint,  especially  in 

the  more  acute  or   very 

commonly,  as    the    di» 

" ■  '        ':    '   '"i,h-      comes    more    chronic,    a    semi- 

adenoma,      u&ige    tumour-like    edam    of 

lymphatic  gkada  from  axilla.  translucent    greyish    appearance, 

en  with  bandsof  a  moreopaque 

yellowish  colour  running  through  them.     Sometimes,  the  whole  gland  may 

exhibit  this  opaque  yellowish  appearance.     Occasionally,  small  ai 
of  caseation,  simulating  bubexoulosis,  may  be  present,  and  microscopical 
examination  may  be  necessary  to  distinguish  between  the  two  conditions. 
Microscopically,  the  earl  the  pro  a  hyperplasia 

of  the  lymphoid  tissue,  but  upon  this  there  rapidly  supervene  proliferation 
of  the  reticular  and  endothelial  cells,  and  a  progressive  increase  of  the 
reticulum  itself,  Leading  to  fibrosis  of  the  gland-tissue  and  disappears 
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of  the  lymphoid  cells.  Increase  in  the  number  of  eosinophil  cells  in  the 
earlier  and  more  acute  stages  is  of  frequent  occurrence,  but  a  more 
constant  and  characteristic  phenomenon  is  the  presence  of  phagocytic 
giant-cells,  both  mono-  and  multi-nucleated,  apparently  derived  from 
endothelial  or  reticular  cells.  Large  phagocytic  syncytial  masses  may 
also  be  found.  In  the  later  stages,  the  cellular  elements  are  practically 
entirely  replaced  by  fibrous  tissue,  and  the  structure  comes  to  resemble 
that  of  dense  scar-tissue. 

Spleen. — The  condition  of  this  organ  is  extremely  variable.  In  some 
cases,  it  is  only  slightly  enlarged,  whilst  in  others  it  may  be  moderately, 
or  even  greatly,  increased  in  size.  The  natural  shape  is  usually  well 
preserved,  and  the  organ  is  firm  in  consistence.     On  section,  to  the  naked 


Fig.  289. — Spleen  in  Hodgkin's  Disease.     Malpighian  body  in  process  of  fibrous  oblitera- 
tion, and  surrounded  by  a  ring  of  pigmented  phagocytic  cells,     x  75. 


eye,  there  may  appear  to  be  merely  a  congestive  condition  present ;  but, 
again,  there  may  be  found  characteristic,  scattered,  whitish  or  yellowish- 
white,  suet-like  masses,  which  are  usually  distributed  along  the  lines  of 
the  larger  arteries.  In  the  earlier  and  more  acute  cases,  their  colour  is 
usually  greyish-pink.  These  areas  may  be  more  or  less  diffuse,  apparently 
spreading  into  the  organ  from  the  hilus,  along  the  lymphoid  sheaths  around 
the  arteries.  In  other  cases,  these  areas  are  more  irregularly  scattered, 
and  form  isolated,  rounded,  or  irregularly-shaped  masses,  which  may  be 
as  large  as  a  bean  or  a  cherry.  These  pale,  whitish  masses  consist  of 
altered  peri-arterial  lymphoid  sheaths — i.e.  the  so-called  Malpighian 
bodies — which  have  undergone  a  process  similar  to  that  already  described 
as  occurring  in  the  lymphatic  glands,  namely  (following,  it  may  be,  a 
preliminary  and  temporary  hyperplasia  of  the  lymphoid  tissue  proper), 
proliferation  of  the  endothelial  plates  and  reticulum,  and  a  coin's  ponding 
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diminution  of  th<  lymph*'  >  spread 

into  the  surrounding  areas  of  pulp,  which  t! 

Where  the  condition  i  ling,  the  pro]  Hal  and  reticular 

cells,  and  giant-cells  formed  from  the 

i,  and  usually  contain  large  quantities  of  M 
pigment,  producing  around  the  periphery  <>f  the  nodules  a  brow 
zone,  which  can  often  be  distinguished  with  the  nab 

The  changes  in  the  bone-marrov.  omewhat  variable,  and  have 

been  fully  inv<  I      gcope  l  describee  a  leu( 

bion  chai  Lbythepret  >f"myek  lympho- 

bhe  most  remarkable  deviation  from  the  normal  001 

great  ex  eosinophil  leucocytes  and  in  inles 

like  those  occurring  in  the  other  organs  were  not  observed  by  thi 

but  have  been  described  by  several  authors  shew  the 

same  reticular  proliferation,  etc.,  already  described  the 

lymphatic  glands  and  spleen. 

Similar  nodules  are  frequently  found  in  the  liver  in  such  cases,  usually 

combined  with  some  degree  of  cirrhosis  and  fatty  degeneration.    T 

nodules  occur  in  the  connective  tissue  of  the  portal  tracts  as  lymphoid 
IS,  which,  later,  undergo  reticular  proliferation,  pant-cell  formation, 
and   then    fibroid   transformation.     They   are   likewi  tonally    s 

in  the  kidneys,  lungs,  and  even  in  the  skin  (Greenfield).    In  the 
mentioned  tissue,  the  lesions  may  be  (1)  a  true  lympho-granuloina  cutis, 
the  nodules  having  the  typical  lymphadenomatous  structure;  or   2 
group  of  lesions  set  up  by  the  general  infection,  but  not  shewing  the 
chai  lesion  locally  (Cole).    The  lymphoid  tissue  of  the  intestines 

1'  id  solitary  follicles     and  of  the   stomach  may  also 

involved,  and  may,  in  rare  cases,  undergo  ulceration. 

in    bis  paper  on  the  subject,  comes    to  the  following 
:  — 

1.  Eodgkin'i  should  b<  distinct  clinical  and  patho- 

logical entity. 

_.  The  l<  siona  in  the  lymph-glands  and  other  ally  char- 

acterised by  the  early  increase  in  the  lymphadenoid  I  rtfa  later  prolifera- 

tion of  endothelioid  cells,  formation  of  uninuclear  and  niultiniiclear  giant- 
.  thickening  of  the  reticulum,  and  final  overgrowth  of  connective  t. 
nophils,  though  i  frequently  found  in  b  mdance. 

ether  with  the  abund  ophils  in  the  lymph-gland 

philic  leui  oi  the  bone-i 

3.   ]  !  in  lymphoid   tissue,  and,  during  the 

the  'i  new  lymph-gl  itantly  being  formed,  which  ultimately 

:  the  lymphomatoua  (lymphad 
1.  In  rare  in  eal  lymph-gU  the  only 

d. 

1   I  i  mi  .   ■  it 

of  <  "a>« ■>.  .  Philadel] 

-   ].  .  loc.  cit. 
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5.  The  aetiology  of  Hodgkin's  disease  is  so  far  unknown.  The  tubercle 
bacillus  plays  no  part  in  the  production  of  the  lesions. 

TUMOURS  of  LYMPHATIC  GLANDS  and  of  lymphoid  tissue  generally. 
These  present  many  difficulties  in  their  classification,  and  in  their  differ- 
entiation from  hyperplasias  and  other  changes  in  certain  so-called  blood- 
diseases,  and  from  chronic  inflammatory  and  infective  enlargements. 
The  following  types  of  primary  new  growth  may  be  distinguished. 


Fig.  290. — Lymphatic  Gland,  Bhewing  malignant   infiltration  with  Bquamoos-oelled 

carcinoma.        :  60. 

Lymphoma. — Tumours  precisely  resembling  proliferated  lymphadenoid 

tissue,  in  which  the  lymphocytes,  endothelial  cells,  and  reticulum  appeal 
in  practically  their  normal  proportions,  may  occur.  These  an4  Been  in 
the  mediastinum,  where  they  may  arise  rxom  ordinary  lymphatic  glands, 
or  from  the  thymus  gland.  In  the  latter  case,  they  may  reproduce  the 
structure  of  the  tlivnins.  and  even  the  Hassal's  corpuscles  may  be  found 
in  the  tumour.  Lymphomas  may  also  arise  in  the  tonsils,  and  in  the 
cervical,  abdominal,  and  other  lymphatic  glands.  They  have  been 
described  as  occurring  in  the  kidney,  and  in  the  lymphatic  glands  about 
the  head  of  the  pancreas  and  near  the  hilus  of  the  liver.     Such  tumours 

may  remain  apparently  non-malignant,  but,  in  some  cases,  there  may  be 
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a  tendency  to  t  be  secondary  infection  <>f  other  Lymph  .  md  lymphoid 

struct  hits.  e.g.  Peyer*a  patches  and  the  Lymphoid  follicles  of  the 

-tine.    These  may  ul<  inning  the  so-called  lymphomatous  ulcers. 

Lympho-Sarcoma. — In  this  extremely   malignant   form  of  ton 
there  lb  enormous  increase  in  the  number  oflympha  lympha 

like  cells,  with  no    corresponding  increase  of  endothelial    plal 
reticulum,  both  of  which  structures  remain  extremely  scanty,     9 
tumours   arise   most   frequently   from   mediastinal  and   retro-peritoneal 


>, 


\\ 


wt  ft 


891,      \\iliaiv  Lymphatic  Gland,  shewi  Lu-y  imrawon  with 

of  ■oirrnafl  c&noei  of  bra—t 

lymphatic  glands,  but  they  may  originate  also  from  Lymphoid  t; 
around  the  intra-pulmonary  bronchi,  and  elsewhere.    The  enlargement 
of  lymphatic  glands  in  the  keucocythsemias  and  anal 

is  dealt   with  on  p,  61  1  , 

Secondary  growths  of  malignant   epithelial  tumours  in  glai 
extremely  common,  for  example,  implication  of  the  cervical  glands  in 
squamous  epithelioma  of  the  tongue:  of  the  axillary  and  other  grou] 
glands  in  Bcirrhus  and  other  malignanl  tumo  be  mammary  gland: 

of  the  mesenteric  and  retro-peritoneal  glands  in  gastrointestinal 

etc,    Becondary  growths  of  sarcomas  are  also  by  no  means  un- 
common —though  Bometij 
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LYMPHATISM   or  STATUS   LYMPHATICUS 

Though  comparatively  rare,  this  condition  is  one  of  considerable 
importance,  owing  to  the  liability  of  those  who  suffer  from  it — most 
commonly  children  or  young  adults — to  sudden  death  from  apparently 
trivial  causes,  such  as  a  sudden  shock  or  fright,  or  on  the  administration 
of  an  anaesthetic  such  as  chloroform  or  ether.  The  presence  of  the  con- 
dition has,  in  many  such  cases,  been  quite  unsuspected  during  life,  and 
may  be  revealed  for  the  first  time  by  the  post-mortem  examination. 
There  is  general  hyperplasia  of  the  lymphoid  tissue  throughout  the  body. 
The  lymphatic  glands,  especially  those  in  the  mediastinum  and  abdomen, 
are  enlarged,  as  are  also  the  tonsils  and  pharyngeal  adenoid  tissue,  thymus, 
and  spleen,  and  the  Peyer's  patches  and  other  adenoid  tissue  in  the 
intestine,  the  solitary  follicles  of  the  large  intestine  being  specially  promin- 
ent. The  posterior  portion  of  the  dorsum  of  the  tongue  is  often  unusually 
rough,  especially  in  the  neighbourhood  of  the  circumvallate  papilla?, 
which  may  be  themselves  distinctly  hypertrophied.  The  thymus  enlarge- 
ment is  frequently  very  marked,  and  to  pressure  by  it  upon  the  trachea 
the  fatal  issue  in  some  cases  of  lymphatism  has  been  attributed.  In  the 
majority  of  cases,  this  is  certainly  not  the  true  explanation,  and  most 
authorities  now  believe  that  some  toxic  material  is  elaborated  and  poured 
into  the  system  from  the  enlarged  glands — the  condition  of  so-called 
"  lympho-toxaemia."  Hyperplasia  of  the  bone-marrow  (fatty,  being 
replaced  by  red,  marrow),  and  of  the  thyroid  gland,  is  recorded  in  some 
cases,  as  is  also  an  under-development  or  hypoplasia  of  the  heart  and 
great  vessels.  Areas  of  "  small-celled  infiltration  "  and  other  inflam- 
matory and  degenerative  changes  have  been  described  as  occurring  in 
the  myocardium.    The  cause  of  the  condition  is  unknown. 

HiEMOLYMPH   GLANDS 

These  closely  resemble  ordinary  lymphatic  glands  in  structure,  the 
chief  point  of  difference  being  the  presence  of  blood  in  the  sinus-systems 
between  the  lymphoid  follicles.  Little  is  yet  known  of  their  physiology 
and  pathology,  but  marked  enlargement  of  them  has  been  observed  in 
some  "  blood-diseases  "  such  as  pernicious  anaemia,  splenic  anaemia,  etc., 
and  also  in  exophthalmic  goitre  (q.  v.,  p.  840),  and  certain  other  conditions. 
The  glands  are  specially  found  in  the  abdomen,  e.g.  about  the  brim  of  the 
pelvis,  and  along  the  aorta  and  inferior  vena  cava,  iliacs,  splenic  vessels. 
etc.  Marked  phagocytic  activity  towards  red  blood-corpuscles,  on  the 
part  of  the  endothelial  cells  of  the  sinuses,  is  usually  to  be  observed  in 
these  glands,  especially  in  t  he  diseases  just  mentioned. 


CHAPTEB    XVII 
DISEASES   OF   THE   SPLEEN 

The  Spleen  is  an  organ  which  is  not  n<  to  life  (see  under  Splenectomy, 

v.i),  and  all  its  functions  arc  not  yet  fully  determined.  Amoi  _-•  other 
activities,  it  appears  to  acl  as  a  filter  fur  the  blood  which  passes  tin 

-  to  sift  out  damaged  and  effete  blood-corpn  well  as 

ria  and  other  organisms.    Active  phagi  part  of  the 

reticulo-endotheliaJ  cells  of  the  pulp  proceeds  in  health,  and  may  occur 

gree  in  disease— this  function  being  common  to  the 
reticuloendothelial  system  of  spleen,  bone-marrow,  lymph-nodes,  and  liver. 
Various  processes  carried  out  by  ferments  or  enzymes  occur  in  the  organ,  but 
arc.  a  ly  imperfectly  understood.     Certain  of  these  processes  appear 

to  ha  ial  bearing  on  the  production  of  immunity,  in  some  of  r 

at  all  events:   and  it  reacts  very  readily  in  toxic  diseases.     Its  anaton 
relations  to  the  portal  circulation  are  important;    and,  by  the  rhythmic  i 

ions  of  which  it  is  capable,  owing  to  the  presence  of  non-striped  muscular 
fibres  in  its  capsule  and  trabecule,  it  probably  aids  the  flow  of  Mood  through 
the  liver.     The  Bpleeu   is,  therefore,  specially  affected  by  dif  rhich 

interfere  with  the  hepatic  circulation;  and  it  probably  passes  on  to  the  liver 
the  products  of  the  destruction  of  red  and  white  blood-corpuscles,  micro- 
.,  to  be  further  dealt  with  by  that  organ. 
The  spleen  can  now  no  longer  be  regarded  as  a  producer  of  red  blood- 
corpuscl  '   during  intra-uterine  life.    Similarly,  after  birth,  poly- 

morphonuclear leucOH  produced  solely  in  the  bone-marrow,  and  not 

in  the  spleen,  the  only  hemopoietic  functions  of  which  appear  to  be  the 
formation  of  lymphocytes  in  the  Malpighian  bodies  or  lymphadenoid  sheaths 
developed  around  the  smaller  arteries  of  the  organ  :    and  also,  in  all  proba- 
bility, the  production  of  certain  of  the  large  mononuclear  cells  of  the  1 
Borne,  at  all  events,  of  which  appear  b  lothelial  cells— a  type 

II  in  which  tie-  Bpleen  is  extremely  rich.     Reference  lias  already  I 
mad.-  to  the  haemolytic  activities  of  the  organ  (se\  also  p]  613, 

622,  661,  etc.). 

MALFORMATIONS  and  MALPOSITIONS.     Accessory  spleens,  usually 
small  in  size    Spleniculi  or  Splenunculi,)  are  of  very  common  occum 
They  generally  vary  from  the  size  of  a  pea  up  to  that  of  a  cherry, 

are  mor Leas  spherical  in  shape.    As  a  rule,  bucd  ao  spleniculi 

are  few  in  number  -  most  commonly  only  one  is  fou  I  are  usually 

situated  near  the  hilus  of  the  main  organ.    More  rarely,  they  may  be 
multiple,  and  may  be  situated  elsewhei  in  the 

They  almosi  always  participate  in  pathological  enlargement  ther 

abnormalities  <>f  the  main  gland. 

Movable  or  Wandering  Spleen.     Owing  to  laxity  oi 
Borne  cases,  I  he  organ  may  l>e  unduly,  and  even  iV  ivabk.    ] 
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of  the  pedicle  and  constriction  of  the  contained  vessels  may  lead  to 
interference  with  its  blood-supply,  and  perhaps  to  necrosis. 

INJURIES  OF  THE  SPLEEN  may  occur  even  in  health,  e.g.  from 
severe  crushing  injuries  to  the  trunk;  but  rupture  occurs  much  more 
readily  if  the  organ  is  previously  diseased,  and  especially  if  it  is  enlarged, 
e.g.  from  malaria,  when  a  very  slight  accident  may  cause  rupture.  In 
crushing  injuries,  the  spleen  is  usually  folded  upon  itself,  and  ruptures 
on  its  outer  or  convex  surface,  an  occurrence  which  generally  leads  to 
extensive,  and  perhaps  fatal,  haemorrhage.  Exploratory  puncture  may 
also  give  rise  to  serious  haemorrhage,  especially  if  laceration  from 
respiratory  or  other  muscular  movements  occurs. 

CHANGES  RELATED  TO  THE  SURFACE  AND  PERITONEAL 
INVESTMENT  OF  THE  SPLEEN.— Local  peritonitic  inflammation  and 
thickening,  often  producing  adhesions  to  neighbouring  structures,  especi- 
ally to  the  diaphragm,  are  very  common.  Localised  chronic  inflammatory 
changes  in  the  capsule  may  sometimes  attain  a  considerable  thickness, 
leading  to  the  formation  of  dense,  white  areas  of  fibrous  tissue  almost 
' '  cartilaginous ' '  in  consistence .  A  "  wandering  "  or  "  floating ' '  spleen  may 
become  adherent  in  some  abnormal  position  in  the  abdomen.  When  the 
spleen  becomes  enlarged,  e.  g.  in  leukaemia,  the  enlargement  usually  occurs 
downwards,  forwards,  and  inwards.  Occasionally,  this  may  be  prevented 
by  old  adhesions  or  by  the  presence  of  an  exaggerated  development  of  a 
peritoneal  shelf,  formed  by  the  costo-colic  ligament,  under  its  lower  pole. 

ATROPHIC  CHANGES  IN  THE  SPLEEN.— Atrophy  of  the  spleen 
occurs  normally  as  a  senile  change,  the  Malpighian  bodies,  in  common 
with  lymphoid  structures  in  other  parts  of  the  body,  becoming  pro- 
gressively less  active  and  undergoing  atrophic  changes  with  advancing 
age.  The  pulp  also  becomes  diminished  in  bulk,  mainly  from  atrophy 
of  its  cells ;  and  the  fibrous  tissue,  especially  of  the  trabecular  is  relatively 
increased  in  amount.  The  capsule  of  the  organ  becomes  wrinkled,  and 
the  weight  of  the  spleen  may  fall  as  low  as  2  or  2J-  ounces  (60—75  grms.). 
On  section,  the  tissue  has  a  dull  brownish-red  colour,  the  Malpighian  bodies 
being  inconspicuous,  and  the  trabeculae  showing  as  pale,  ragged,  fibrous 
threads,  standing  out  somewhat  above  the  general  level  of  the  cut  surface. 
The  consistence  of  the  organ  varies,  but,  most  frequently,  it  is  tough,  dry, 
and  soft,  rather  resembling  a  piece  of  flabby  muscle  to  the  touch. 

The  majority  of  pathological  changes  in  the  spleen  are.  however, 
associated  with  enlargement  of  the  organ. 

WAXY  or  AMYLOID  DEGENERATION.  This  disease  may  affect 
the  spleen  in  one  of  two  Ways,  which,  according  to  the  anatomical  dis- 
tribution of  the  change,  are  respectively  known  as  sago-waxy,  and  diffuse 
waxy, degeneration  of  the  spleen.  In  some  cases,  a  combination  of  these 
types  may  be  found  in  the  organ. 

The  Sago-waxy  Type  is  much  the  commoner  of  the  two.  The  spleen 
is  usually  moderately  enlarged,  perhaps  to  twice  its  normal  hulk,  but, 
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in  maiiv  bere  may  be  tittle  m  diminution,  in 

the  size  oi  t  h<  I  •  it  is  fin 

sharp,  and  its  natural  shape  being  well  maintained.    On  section, 
surf,:  ii  to  be  studded  over  with  great  numbe  til.  roui 

lightly  irregular,  clear  glistening  white  or  ookrarl 
areas,  usually  about  the  sise  oi  a  pin's-head  or  a  little  larger— »\e\  a 
couple  of  millimetres  or  so  in  diameter-  -and  very  much  resembling 
grains  oi  boiled  tapioca  i  in  appearance.    On  the  application  oi 

iodine  to  the  out  surface,  these  points  are  stained  a  deep  main  town 

colour  (*  The  intervening  pulp-tiasui  tally  dark  red  in 

colour  from  chronic  venous  congestion,  which  sith 

waxy  disease,   both  on  ao 

tnent, 

•./•.•♦.^  and     more     especially     from     p 

^  jnation  due  to  I 

of  the  liver.     On  microscopical   ex- 
amination, in  an  unstained   section. 
'\  the  waxy  material  has  a  bright,  dear, 

\\  transparent,   glassy  app  with 

transmitted, and  a  black, struct ur 
appearance  with  reflected,  tight.  In 
sections  Btained  with  iodine  (see  Plate 
1 1 .  fig.  1 ).  or  with  methyl  violet,  t! 
rounded  waxy  areas  shew  the  typical 
staining  reactions  of  amyloid  material 
(see    pp.  .    and    are 

correspond  with  enlarged  Malpighian 
bodies.  Tie'  central  arteriole  oft : 
usually,  but  not  always,  shews  waxv 
disease.  The  main  change  ia  in 
the  adenoid  reticulum  and  in  the 
perithelial  connective  tissue  of  the 
capillaries  of  the  Malpighian  bodies,  the  affected  tissue-elements  1 


i  Amyloid  1  ^.fenera- 
tion of  Spleen. 

a»t poftioni  treated  with  iodine.) 


greatly    swollen 


anc 


isenting  a  structureless,  homogeneous  appear- 


ance, the  intervening  lymphocytes  and  other  cellular  elements  undergoing 
pressure-atrophy  and    disappearing.     A  small    area  of   lymphoid   t; 
immediately  around  the  cent  ral  arteriole  frequently  remains  comparatively 
unafEected  until  late  in  the  and.  in  this  'he  Lympha 

may    Burvive,  though    usually    in    much   diminished    numbers. 
arterioles  of  the  pulp  generally  shew  distinct   waxv  change;  and  the 
adenoid    reticulum    of    the    palp— except     immediately    around    the 
Malpighian  b  com  which  the  disease  may  shew  direct  l«" 

outwards  into  t  he  pulp    is  either  unaffected,  oi  she*  -  only  a  few 
of  w  and  there.  uses  of  the  pulp 

Usually  shew  associated  chr 
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compression-atrophy  of  the  pulp-ceils.   The  waxy  change  in  the  arterioles, 
etc.,  follows  the  usual  method  of  distribution  of  the  disease  {see  p.  62). 

Diffuse  Waxy  Disease  of  the  Spleen. — In  this  form,  which  is  more 
especially  associated  with  syphilis — though  it  may  also  be  found  in 
chronic  tuberculosis — there  is  extensive  affection  of  the  splenic  pulp. 
The  enlargement  of  the  organ  is  usually  rather  more  pronounced  than 
in  the  sago- waxy  type,  the  organ  being  extremely  firm  and  resembling 
hard  india-rubber  in  consistence.  The  cut  surface  has  a  more  or  less 
homogeneous,  semi -translucent  appearance,  often  with  a  pale  pinkish-red 
tint.  The  Malpighian  bodies  are  widely  separated  and  minute,  and  may 
be  almost,  or  even  quite,  invisible  to  the  naked 
eye.  With  iodine,  a  uniform  deep  mahogany- 
brown  coloration  is  obtained  (fig.  293).  On 
microscopical  examination,  the  waxy  change  is 
found  implicating  the  supporting  reticulum  and 
the  perithelial  connective  tissue  of  the  venous 
sinuses  of  the  pulp,  which  are  thus  sharply 
outlined  by  the  change,  and,  if  also  distended 
by  chronic  venous  congestion,  produce  a 
characteristic  fenestrated  appearance  of  the 
tissue  [see  Plate  II,  fig.  2).  The  endothelial 
cells  lining  the  venous  sinuses  do  not  undergo 
the  waxy  change.  The  pulp-cells  are  com- 
pressed and  usually  shew  extensive  atrophy. 
The  arterioles,  both  of  the  pulp  and  of  the 
Malpighian  bodies,  shew  waxy  degeneration 
of  their  connective  tissue.  The  Malpighian 
bodies  are  widely  separated  by  the  enlarged 
pulp.  They  are  small  and  compressed,  and 
may  shew  a  spread  of  the  waxy  change  inwards 
from  their  periphery;  though,  in  some  cases, 
they  are  unaffected  by  the  disease. 

HYALINE  DEGENERATION  occurs  in  the  vessels  of  the  spleen, 
especially  in  the  arterioles,  in  some  of  the  acute  infective  fevers,  most 
commonly  in  diphtheria  and  scarlet  fever  {see  Plate  II,  fig.  6).  It  is  an 
acute  toxic  change,  and  is  usually  associated  with  acute  congestion  oi 
the  organ.  A  more  chronic  form  of  the  degeneration  is  frequently  found 
in  Bright's  disease.    Hyaline  degeneration  may  be  followed  by  calcification 

of  the  affected  areas  in  the  vessel-wall. 

PIGMENTATION  AND  PHAGOCYTOSIS  IN  THE  SPLEEN.  -Owing 
to  t  he  hemolytic  activities  of  t  he  Bpleen,  t  he  presence  oi  a  certain  amount 
of  blood-derived  pigment  is  a  normal  phenomenon,  most  of  the  pigment 
being  contained  within  the  phagocytic  reticuloendothelial  cells  oi  the 
pulp.  In  any  condition  characterised  by  increased  blood-destruction, 
notably  in  the  anaemias,  both  primary  and  secondary,  and  in  acute  and 


Fio.     293.— Diffuse     Wa  \y 
Degeneration    of    Spleen. 
(Lower     portion     t 
with  iodine.) 
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chronic  septicaemias  and  toxaemias,  t  he  hemolytic  activrl 

arc  increased,  and,  consequently,  the  ph* 

pigment  are  in  j  videnoe  (rf.  Plate  III 

.such  pro*  are  to  be  Been  in  tin-  Bpleen  in  th  of  pernicious 

anaemia,  the  toxaemia  of  diphtheria,  or  in  chronic  malaria,  though  marked 

degrees  oi  the  change  may  be  found  in  almost  any  analogous  condition. 

'Jlif  reticuloendothelial  cells  proliferate,  and,  in  Borne  u 

to  form  multinucleated  plasmodial-  or  giant-cells  resembling  a  similar 

type  <»f  cell  found  under  like  rircumstances  in  the  bone-marrow  {see  P 

XIV,  fig.  1).     These  phagocytic  cells,  which  may  Bhew  large  nun 

cell-inclusions     mostly  red  blood-Corpuscles  (which,  in  the  malaria, 

may  contain  the  malarial  parasite)— may  be  seen  in  sections,  hut 
studied  in  films  fixed  while  still  wet  with  a  saturated  solution  of  < ■•  I 
sublimate  in  saline.  They  may  attain  an  enormous  size  in  pernicious 
anaemia,  and  also  notably  in  splenic  anaemia.  The  naked-eve  evidence 
ich  haemolysis  is  seen  as  a  distinct  brownish  tint  of  the  splenic  pulp. 
The  pigment,  though  it  may  contain  iron,  e.g.  in  the  case  of  pernicious 
iiia.  often  does  not  give  a  definite  Prussian-blue  reaction,  probably 
on  account  of   the  iron    being  in  somewhat    firm  union  with 

rial    the  application  of  potassium  ferrocyanide  and  hydrochloric 
acid,  in  many  cases,  producing  a   variabl  ish-   or  bluish-black 

discoloration.     It  is  probable  that  the  products  of  haemolysis  and  similar 
proc<  lining  in  the  spleen,  are  in  large  part  passed  on  to  the  liver. 

there  to  be  further  dealt  with  and  broken  up.  giving  rise  to  the  formation 
of  bilirubin,  etc. 

Post-mortem  discoloration  or  pseudomelanosis— generally  of  a  dark 

rush-  or  violet-black  tint — is  extremely  common,  especially  on  the 

lower  part  oi  the  organ  where  it  is  in  contact  with  the  intestine.     Such 

discoloration  is  due  to  the  action  of  sulphuretted  hydrogen 

upon  the  iron  of  the  blood  or  blood-pigment.    It  may  be  localised  to 

the  Burface,  or  may  penetrate  the  substance  of  the  organ  for  ■  varying 

VASCULAR  DERANGEMENTS  OF  THE  SPLEEN  :— 

(a)  ACUTE  or  ACTIVE  HYPEREMIA  will  be  discussed  when  dealing 
with  the  Spleen  in  Acute  Diseases  (p.  654). 

(b)  CHRONIC   VENOUS    CONGESTION.-    This    condition    may    form 

pan    of  B  1   v<mioi;  of  the  heart   01 

lungs,  in  which  the  inflow  of  venous  blood  into  the  heart  is  impeded; 

<.r  it  may  be  produced  by  obstruction  of  the  portal  circulation  by  diai 
of  the  liver,  or  from  tumour-  or  other  1'  the 

d  or  Bplenic  veins.    The  mosl  typical  examples  of  the  conditio] 
Been  in  heart-di  an  i-  usually  model 

firm  in  consistence.     Ii  1  bively  thickei 

in  proportion  to  its  length,  often  coming  to  have  a  somewhat  obi 
shape.  The  not i  ally  well  preserved  (seen" 
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and  trabecule  are  thickened,  and  the  muscular  fibres  in  them  may  be 
increased.  The  pulp  has  a  characteristic  dark  purple-red  colour,  and 
the  Malpighian  bodies  are  widely  separated,  small,  and  indistinct,  owing 
to  compression  by  the  engorged  and  dilated  venous  sinuses  of  the  pulp. 
The  large  and  medium-sized  veins,  which  can  be  seen  running  in  the 
trabecule,  are  dilated.  On  microscopical  section,  this  dilatation  can  be 
well  seen,  together  with  thickening  of  the  vein-walls  and  trabecule. 
The  pulp  is  mostly  occupied  by  the  dilated  venous  sinuses,  the  walls  of 
which,  lined  by  endothelium,  are  abnormally  distinct  (see  Plate  II,  fig.  2, 
in  which,  however,  waxy  degeneration  is  also  present).  The  intervening 
pulp-tissue,     and     also     the 


Malpighian  bodies,  are  atro- 
phied from  pressure.  There 
is,  usually,  a  considerable 
amount  of  blood-pigment 
within  the  phagocytic  endo- 
thelial cells,  and,  to  a  less 
extent,  free  in  the  lymphatic 
spaces  of  the  pulp. 

(c)  INFARCTION  OF  THE 
SPLEEN.— The  subject  of 
infarction  is  fully  dealt  with 
on  pp.  150  et  seq.,  especially 
p.  154.  Infarcts  are  of  very 
common  occurrence  in  the 
spleen,  and  may  be  due  to 
embolism,  e.g.  in  valvular 
heart  -  disease,  there  thus 
being,  usually,  an  associated 
chronic  venous  congestion  of 
the  spleen:  or  to  thrombosis, 
which  is  the  probable  cause 
of  the  infarcts  that  are  of 

common  occurrence  in  the  enlarged  spleens  of  myelogenous  leukaemia, 
splenic  anaemia,  and  analogous  diseases.  Thrombosis  of  the  main  Bplenic 
vein  produces  a  condition  of  infarction  of  the  whole  organ. 

Infarcts  in  the  spleen  may  be  multiple,  and  are  often  of  large  size 
They  are  found  most  frequently  on  the  convex  outer  surf  ace  or  borders 
of  the  spleen,  though,  when  Large,  they  may  occupy  a  horizontal  or 
transverse  zone  through  the  entire  thickness  of  the  organ.  Seen  on  the 
outer  surface,  they  may  be  irregularly  rounded,  or  may  form  a  bar-like 
area  running  across  the  spleen  {see  lig.295).  In  the  former  case,  they  are 
usually  irregularly  wedge-shaped  on  section,  the  base  of  the  wedge  being 
towards  the  free  surface.  In  infarction,  the  whole  spleen  may  be  con- 
siderably enlarged — usually  more  so  than  in  uncomplicated  chronic 
venous   congestion — especially   where   the   infarcts    are    multiple   from 


Fia.  294. — Spleen.     Chronic  Venous  Congestion. 
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repeated  embolism.    All  infarcts  of  the  Bpleen  are  at  li 

and  deep  red  in  colour.  they  be  ••.  and  uiid-  dual 

rption,  total  or   partial,   according  to  the  A-   absorption 

proceeds,  they  become  Buxrounded  by  a  capsule  <>f  fibrous  I  bich 

may,  later,  undergo  contraction  and  lead  to  the  formation  of  a  depn 
puckered  scar  on  the  surface  "f  the  organ  (>■<•  .\  peritonitis 

may  occur  over  the  area  of   infarction,  and  mav  give  i '. 

Where  the  causa]  emboli  are  septic,  e.g.  in  ulcerative  endocarditis 
where  secondary  infection  with  pyogenetic  organisms  occurs,  the  inf. 

may  soften   and  break  down   to   form    abscesses,  which    mav  burst    and 

produce  general  peritonitis  or,  if  localised  by 
adhesions,  may  give  rise  to  the  condition  of 
peri-splenic  abso 

THE  SPLEEN  IN  ACUTE  TOXIC  AND 
SEPTIC  DISEASES,  e.g. the  acute  infective  fevers. 
In  such  acute  conditions,  whether  it  is  the  toxins 
or  the  organisms  themselves,  or  a  combination 
of  these, that  are  present  in  the  circulating  blood, 
the  spleen  is  extremely  liable  to  be  affected. 

The  so-called  Active  Hyperaemia  or  Acute 
Congestion  of  the  spleen,  in  the  majority  of 
these  diseases,  is  largely  of  the  nature  of  a 
reaction  or  attempt  to  antagonise  the  poison  of 
the  disease.  Swelling  of  the  organ  may  occur 
very  rapidly — even  in  a  few  hours — in  intensely 
acute  diseases,  e.g.  in  an  acute  attack  of  malaria. 
or  in  typhus  fever,  streptococcal  septicemia 
This  is  due  partly  to  congestion  of  the  pulp  and 
swelling  of  the  Malpighian  bodies;  but,  later,  it 
is  due  more  especially  to  proliferation  of  reticulo- 
endothelial and  pulp-cells,  and  to  the  accumu- 
lation of  leucocytes  in  the  tissues  of  the  organ. 
The  nature  of  the  enlargement  varies  considerably,  however,  aocordii 
the  nature  of  the  causal  organism  or  infective  agent.  Thus,  in  typhus 
fever,  the  spleen  mav  be  deep  red  in  clour;  in  erysipelas  and  other 
streptococcal  infections,  in  pneumonia,  ami  in  staphylococcal  cases,  it  is 
paler,  the  diffluent  pulp  having  a  creamy  pinkish-white  tint,  though 
the  occurrence  of  haemorrhage  may  produce  a  darker  red  colour.  In  such 
pleen  is  so  extremelj  that  it  is  very  easily  ruptured  on 

removing   it    from   the  body:    and.  on  section,  the   pulp  can    be  scraped 

or  washed  away  wit  a  great  ease.    ]  r,  the 

Malpighian  bodi<  be  enlarged  as  well  as  the  pulp-tissue. 

In  typhoid  fever,  the  spleen  may  not  be  softened,  and  the  Malpighian 

bodies  mav  or  may  not  be  enlarged  the  most  important  change  in  the 
organ  being  the  marked  proliferation  of  the  endothelial  cells  lining  the 
sinuses  of  the  pulp. 


Fio.  295. — Infarct  in  Spleen, 
■hewing  rui>ed  surface, 
transverse  arrangement, 
and  pallor. 
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Apparently  the  only  fever  in  which  no  swelling  of  the  spleen  occurs 
is  yellow  fever,  perhaps  on  account  of  the  amount  of  blood  lost  by  gastric 
haemorrhage. 

In  many  bacterial  diseases,  especially  those  of  septicemic  nature, 
the  causal  organisms  may  be  found  specially  aggregated  in  the  spleen, 
in  which  they  may  be  demonstrated  on  microscopical  or  cultural  examina- 
tion, for  example  in  the  case  of  typhoid  and  Mediterranean  (Malta)  fevers, 
staphylo-  and  strepto-coccal  septicaemias,  etc. 

Actual  suppuration  in  the  spleen,  apart  from  its  occurrence  in  ulcerative 
endocarditis  and  pyaemia,  is  rare.  Secondary  abscesses  m  ay  occur  in 
malaria  or  in  typhoid 
fever.  Such  abscesses 
in  the  spleen  tend  to 
occur  towards  the  sur- 
face, where  they  may 
rupture  and,  if  localised 
by  adhesions,  give  rise 
to  perisplenic  abscess. 

CHRONIC  INTER 
STITIAL  SPLENITIS. 
— This  is  usually  an 
enlargement  of  the 
spleen,  with  induration 
from  proliferation  of  its 
fibrous  tissue,  which 
may  arise  from  recur- 
ring acute  attacks,  e.  g. 
in  malaria.  The  endo- 
thelial cells  of  the  pulp 
usually  shew  prolifera- 
tion, and  may  contain 
excess  of  pigment ;  and 
the  Malpighian  bodies 
may  be  compressed  and 
atrophied. 

TUBERCULOSIS 
OF  THE  SPLEEN.— 
Tuberculous  infection  of  the  spleen  is  always  secondary.  The  surface 
of  the  organ  may  be  involved  in  tuberculous  peritonitis,  and  tuber- 
culous adhesions  of  the  spleen  to  the  surrounding  organs  and  tissues, 
especially  the  diaphragm,  are  common.  In  general  acute  miliary  tuber- 
culosis, numerous  small,  greyish-white,  opaque,  nodular  areas  may  be 
found  scattered  throughout  the  substance  of  the  organ  and  under  the 
capsule.  They  may  be  distinguished  from  the  Malpighian  bodies,  which 
they  closely  resemble,  by  their  being  somewhat  firmer  and  more  pro- 
minent, and  by  their  being  also  found  on  the  surface  of  the  organ.     On 
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Fig.  296. — Old  Infarct  in  Spleen,  shewing  pale  caseous 
mass  surrounded  by  a  fibrous  tissue  capsule.  Note 
depression  below  the  surface  of  the  spleen,      x  5. 
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microscopical  examination,  though  they  may  occur  in  any  part  of  the 
spleen-t issues,  they  are  most  frequently  found  aloi  the 

arteries,  and  are.  therefore,  especially  Been  in  the  Malpighiai 
Typical  tuberculous  giant-cells  are  often   pi  but  the  proliferative 

changes    are.  as  a  general    rulej  not    pronounced,  whilst  caseation   . 
usually  a  well-marked  feature. 

In  a  second  type  of  tuberculosis  of  the  spleen,  which  is  more  chronic 
in  its  course,  there  are  Mattered,  yellowish-white,  caseous  nodules,  which 
may  reach  a  third  or  a  quarter  of  an  inch  in  dian 
variety  is  seen  specially  in  children,  and,  from  the  resemblance  oi 

pale,  caseous   nodules   in   the    i 
to  almonds  scattered  in  brown  toil- 
termed  "hard-bake  spleen."    It  is  sometimes 
also  called  "  ape-tuberculosis,' ?  from  the  liability 
of  monkeys  in   captivity  to   suffer   from   this 
form  of  the  disease.     The  nodules  vai 
what  in  their  consistence,  but  are  often  \ 
soft  and  easily  washed  out,  leaving  a  series  of 
holes  on  the  cut  surface.     A  similar  caseous 
condition  is  often  found  in  the  liver,  and,  some- 
times, in  the  kidneys,  of  these  cases.     Larger 
tuberculous  nodules,  e.g.  up  to  the  size  of  a 
walnut    or    more,    may    aiso    occasionally    be 
found  in  the  spleens  of  children,  especially  if 
they  have  suffered  from  tabes  mesenterica. 

SYPHILIS  does  not  often  produce  any  very 
definitely  recognisable    lesions   in   the   spleen, 
though,  in  congenital  syphilis  and  in  the  rapid 
febrile  forms  of  the  disease,  the  organ  ma 
enlarged.     There  is  usually  well-marked,  and 
extreme,  proliferation  of  the  endo- 
ilous    thelial  cells  lining  the  pulp-sinuses— a  condition 
Nodulee  in  Bp  which   has   sometimes    been    mistaken  for    an 

dotheliomatous   tumour   (see    below,    under 
Tumours).     Gummata    may  occur,   but   are   not   very   common.     J I 
irregular  cicatrices,  sending  fibrous  bands  into  the  interior  of  tl 

all  from  the  absorption  of  these — cf.  the  similar  phenomena 
in  the  liver.     Changes  in  the  spleen   in   syphilis   may  also  be  secondary 
to  syphilitic  disease  of  the  1,  due  to  the  local  action  of  the 

virus  upon  the  spleen  itself.     In  the  latter  pecially  in  congenital 

>yphilis    in    infants    and    young    children,    5  pdOdda    may    be 

present    in   large,  and   often   in  enormous,  numbers  in  the  spleen-lesions. 
The  relationship  of  syphilis  to  waxy  disease  has  already  been  di 

LEPROSY.-   When  this  d  >me  sufficiently  advanced,  the 

endothelial  cells  of  the  spleen-pulp  are  found  to  be  proliferated  and  en- 
larged, and  may  contain  great  numbers  of  the  causal  organism,  B.  lepra. 
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HODGKIN'S  DISEASE.— This  condition,  which  presents  close  resem- 
blances to  a  chronic  infective  process,  usually  afreets  the  spleen  in  a  very 
characteristic  manner.     For  a  description  of  the  disease,  see  p.  640. 

TUMOURS  OF  THE  SPLEEN.— Primary  tumours  of  the  spleen  are 
exceptionally  rare.  Lymphomas,  lympho-sarcomas,  and  endotheliomas 
have  been  described.  Certain  cases  described  as  endotheliomas,  e.  g.  the 
so-called  "  primitive  endothelioma "  of  Gaucher,  are  more  probably 
of  the  nature  of  a  chronic  irritative  endothelial  proliferation  or  hyper- 
plasia, than  true  neoplasms.  Secondary  growths  of  cancer  and  sarcoma, 
especially  melanotic  sarcoma,  may  occur,  but,  except  where  its  surface  is 
involved  as  part  of  a  general  peritoneal  spread,  the  spleen,  as  a  rule, 
escapes  the  presence  of  metastases,  even  when  these  are  numerous  in 
other  organs.  This  may  be  due  to  the  active  phagocytic  processes  and 
ferment -reactions  which  form  a  large  part  of  the  function  of  the 
organ. 

ANIMAL  PARASITES.— Hydatid  Cysts  may  occur  in  the  spleen,  but 
are  not  common.  They  may  be  of  large  size,  and  are  not  unusually 
associated  with  the  presence  of  similar  cysts  in  the  liver.  Cysts  due  to 
Cysticerci  and  to  Pentastoma  denticulatum  have  also  been  found. 

Malarial  and  other  protozoal  parasites,  e.g.  the  Leishman-Donovan 
bodies  of  Kala-Azar,  may  pass  certain  of  their  developmental  stages  in 
the  spleen,  as  well  as  in  the  bone-marrow  and  elsewhere.  Reference  has 
already  been  made  to  the  acute  enlargement  of  the  organ  during  a 
paroxysm  of  malaria :  and  to  the  chronic  enlargement  which  may  super- 
vene upon  a  series  of  such  acute  attacks.  In  the  latter  case,  the  enlarge- 
ment may  be  very  considerable,  and  the  enlarged  organ  ("  ague  cake  ") 
is  very  liable  to  rupture  from  injury.  There  may  be  thickening  of  the 
capsule  from  the  occurrence  of  peri-splenitis.  The  trabecule  and  adenoid 
reticulum  become  coarser;  and  the  condition  is  usually  associated  with 
chronic  venous  congestion.  The  Malpighian  bodies  tend  to  become 
atrophied;  and  the  most  characteristic  phenomenon  is  the  marked 
proliferation,  enlargement  and  phagocytic  activity  of  the  endothelial 
cells,  which  may  contain  numerous  infected  blood-corpuscles  and  parasites, 
and  the  pigment  derived  from  these. 


SPLENIC  ANEMIA  or  so-called  "  PRIMARY  "  SPLENOMEGALY  »  :— 

This  extremely  chronic  disease  or,  perhaps,  group  of  diseases,  is  com- 
moner in  males  than  in  females,  especially  in  young  adults.     During  the 

1  For  a  discussion  on  "Splenic  Enlargements  other  than  Leukemic,"  by  Osier 
and  others,  see  Brit.  Med.  Jour.,  Oct.  17,  1908,  p.  1161  :  and  on  "Surgical  Treat- 
ment of  Non-Traumatic  Affections  oi  the  Spleen,"  byCaralaw,  Kettle  and  Dalziel, 

ibid.,  Dec.  23,  1922.  p.  1204.  See  also  "  The  Splenic  Lesions  in  some  oases  of  Spleno- 
megaly associate*  1  with  Secondary  Ana-mia."  I>y  K.  H.  Kettle,  .four.  Path,  and  Hurl. 
XXIII.   No.  4.   Dee..   1920,  p.  41.*?.      Kettle  concludes  that,  in  ti\  t  BO-called 

splenic  aiuemia  investigated  by  aim,  the  examination  of  the  spleen  removed  by 
operation  reveals  a  variety  of  changes  n  presenting  it  least  four  distinct  and  entirely 
42 
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first  stage,  which  may  last  ae  Long  >me  twelve  yean,  the  spleen 

undeigoefl  progn  enlargement,  with  gradually  inert 

of  the  patient  and  digestive  disturbances,  and  a  moderate  degn 
anaemia.    The  second  stage  Lb  shorter,  a  matter  of  months,  with  attacks 
of  dyspepsia  and  diarrhoea,  an  <  urobilin  in  the  urine,  and  slight 

increase  in  the  size  of  the  liver,  and  increase  in  the  anaemia,  these  pheno- 
mena becoming  more  marked  in  the  third  stage,  in  which  there  is  in 
cirrhosis  of  the  liver,  with  the  supervention  of  jaundice  and  ascites.    The 
condition  is  specially  characterised  by  enlargement  of  the  spleen,  often 
enormous  in  degree,  associated,  particularly  in  its  Lai  ges,  with 

extreme  diminution  in  the  numbers  of  all  the  formed  elements  of  the  blood, 
and,  usually,  with  the  occurrence  of  hsematemesis  and  melaena  01 
quently,  of  epistaxis  and  other  forms  of  haemorrhage.  The  spleen  is  firm 
in  consistence,  and  has  a  homogeneous  pinkish-red  colour  on  section.  The 
Malpighian  bodies  are  widely  separated  and  usually  extremely  atrophied, 
there  being  proliferation  and  greatly  increased  phagocytic  activity  of  the 
endothelial  cells  of  the  pulp,  which  ingest  red  blood-corpuscles  and  con- 
sequently contain  a  large  amount  of  blood-pigment.  There  is,  in  addition, 
a  progressive  fibrosis  or  increase  of  the  fibrous  tissue  of  the  organ,  due 
to  thickening  of  the  adenoid  reticulum  and  fibrous  trabecular.  Haemo- 
rrhages, large  infarcts,  and  chronic  peri-splenitis,  often  with  adhesions  to 
neighbouring  structures,  are  common. 

In  the  early  stages  of  the  disease,  the  blood  may  shew  little  or  no 
alteration.  Later,  there  is  diminution  of  the  erythrocytes  to  three,  two- 
and-a-half,  or  even  to  two,  millions  per  c.nim.  Nucleated  and  other 
abnormal  varieties  of  red  cell  are,  however,  comparatively  uncommon. 
The  haemoglobin-percentage  may  fall  to  30,  25,  or  even  15.  All  varieties 
of  leucocytes  are  also  extremely  diminished  in  numbers,  the  total  count 
falling,  it  may  be,  to  1200,  1000,  800,  or  even  less  sometimes  with  slight 
intermissions. 

The  bone-marrow  in  t\  which  one  of  the  authors  had.  through 

the  kindness  of  the  late  Dr.  (<.  A.  tiibson  of  Edinburgh,  the  opportunity 
of  examining  during  life  (the  specimens  being  obtained  by  trephining 
the  tibia),  shewed  well-marked  gelatinou  ration,  with  diminution 

in  the  number  of  hemopoietic  cells,  which,  however,  appeared  to  retain 
their  normal  ratio  to  one  another. 

The  liver  in  this  disease  may  be  slightly  enlarged,  and  may  shew 
cirrhotic  changes,  usually  combined  with  fatty  d<  don.    When  this 

cirrhotic  condition  of  the  liver  is  well  marked,  the  i  is  known  as 


different  pathological  pi  dons,  but  the  fourth  is 

well  i  l  under  the  Dame  <>f  < Saucl 

In  none  of  the.  OMM  is  there  definite  evidence  that   the  d  |  ■ »,  cr 

primary  In,  tin-  spleen,  and  in  three  <>f  them,  though  the  splenomegaly  tlnim: 
the  clinical  picture,  it  must  be  regarded  a>  merely  the  •  minent  feature  in  ■ 

more  extensive  pathological  pro  i 
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Splenomegalic  Cirrhosis  or  Banti's  disease — jaundice  and  ascites  super- 
vening upon  the  other  symptoms  already  mentioned.  Osier  regards 
these  hepatic  changes  as  a  late  stage  of  the  disease  under  discussion. 
Changes  in  the  portal  vein,  such  as  endophlebitis,  stenosis,  and  calcifica- 
tion, have  been  described  in  a  few  of  the  cases,  and  are  probably  secondary 
to  the  splenic  condition. 

The  main  phenomena  of  the  disease  appear  to  be  an  abnormally 
increased  capacity  of  the  spleen  for  blood-destruction,  probably  under  the 
stimulation  of  some  toxin :  and  the  progressive  fibrosis  of  the  organ, 
with  secondary  changes  in  the  bone-marrow,  blood,  and  liver.  The 
disease,  if  not  too  advanced,  has,  in  many  instances,  been  cured  by 
splenectomy  (Osier,  Warren,  Carslaw,  and  others,  and  in  several  cases 
investigated  by  one  of  the  authors). 

ANEMIA  or  PSEUDOLEUKEMIA  INFANTUM  of  von  Jaksch.— This 
is  a  disease  of  infancy  and  early  childhood,  and  is  commoner  in  the  female 
than  in  the  male.  It  is  usually  chronic  in  its  course,  and  may  be  as- 
sociated with  gastro-intestinal  disturbance,  rickets,  or  syphilis.  It  is 
characterised  by  great  enlargement  of  the  spleen,  and  moderate  increase 
in  the  size  of  the  liver.  There  is  no  leukemic  infiltration  of  the  liver  and 
other  organs.  The  lymphatic  glands  may  be  slightly  enlarged,  and  the 
marrow  is  described  as  shewing  an  erythroblastic  reaction.  The  blood 
is  characterised  by  marked  diminution  in  the  red  corpuscles  (usually  to 
between  three-and-a-half  and  one-and-a-half  millions,  or  even  less  in 
severe  cases),  nucleated  reds  being,  as  a  rule,  extremely  abundant, 
and  shewing  degenerative  changes,  and  sometimes  mitotic  division. 
Megaloblasts  are  found  in  severe  and  advanced  cases.  The  leucocytes 
shew  a  characteristic  increase,  e.g.  from  20,000  to  50,000  or  more, 
in  which  sometimes  the  polymorphs,  but,  more  typically,  the  mono- 
nuclears, predominate.  Small  numbers  of  myelocytes  have  been 
observed  in  some  cases.  Degenerative  changes  are  very  common  in 
the  white  cells. 

Ewing  *  is  of  opinion  that  some  of  the  cases  which  have  been  pub- 
lished may  have  been  of  the  nature  of  pernicious  anaemia,  whilst  others 
may  have  been  leukemic  in  nature;  but,  putting  these  doubtful  cases 
on  one  side,  others  remain  which  conform  to  the  type  described  by  von 
Jaksch,  in  which  the  blood-picture  corresponds  with  the  above  description, 
and  the  visceral  changes  characteristic  of  pernicious  anaemia  and  leukaemia 
are  absent.  Ewing  suggests  that  the  condition  is  a  return  of  the  embryonic 
haemopoietic  function  of  the  liver,  under  the  stimulus  of  some  unknown 
toxic  agent. 

SPLENECTOMY— The  results  of  removal  of  the  spleen  have  been 

studied  experimentally  in  animals  ;   and  in  man,  in  cases  of  injury  and 

in  certain  diseased  conditions,  more  especially  in  splenic  anaemia  and 

acholuric  jaundice  (both  hereditary  and  acquired).     The  results  in  both 

1   Ewing,  clinical  Pathology  of  the  Blood,  2nd  edition,  London.  1904,  p.  271. 
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comparable.    The  organ  is  nol  necessary  to  life;  and  its 
removal  is  followed  by  a  transitory  tall  ■  in  the  number  of  red  blood- 
corpuscles,  varying  in  degree  and  duration,  but  usually  disappear^ 
from  one  to  >ix  months  or  a  year.    The  erythrocytes  also  show  a  rapidly 
developed,  and  often  persistent,  increased  resistance  to  hsamolysj 
hemolytic  ageni  in  be  demonstrated  experimentally,  both  in 

and  in  vitro.  The  amount  of  haemoglobin  is  also  diminished,1  and 
megalocytes  may  appear  in  the  circulating  blood.  There  is  usually  a 
distinct  increase  in  the  numbers  of  the  leucocytes,  somewhat  variable  in 
its  amount  and  characters.    The  polymorphs  an  i  de,  the  principal 

cells  which  shew  an  increase,  bul  t  his  increase  may  subside  and  be  foll< 
by  a  Lymphocytosis,  and  also,  it  is  said,  by  a  characteristic  increase  in  the 
eosinophils.     In  Borne  instances,  however,  all  these  changes  may  be  i 
paratively  slight,  or  even  absent.    Hyperplasia  of  the  bone-marrow,  and 
also  a  slight  increase  in  the  Bize  of  the  lymphatic  glands,  have  been 
described  in  Borne  cases    the  reticulo-endothelial  Bystem  in  thea 
taking  on  increased  activity  in  blood-destruction,  to  replace  that  important 
function  of  the  spleen.     Splenectomised  animals  may  exhibit  an  increased 
susceptibility  to  certain  diseases,  for  example,  the  inoculation  of  the  spiril- 
lum of  relapsing  fever  into  monkeys  in  which  the  spleen  has  been  excised, 
leads  to  a  uniformly  fatal  result,  in  place  of  the  regular,  periodic  attacks 
and  possible  recovery  resulting  in  the  case  of  the  ordinary  animal. 

GAUCHER'S    SPLENOMEGALY.— A    rare    disease    oi    the    b®mopoi< 
:n.  occurring  usually  in  childhood,  sometimes  in  Beveral  members  of  the 
family,  and  characterised  by  slow  and  progressive  enlargement  of  the 
Bpleen,  and.  later,  of  the  liver:   Blight  anaemia  with  leucopenia  :   a  brownish 
discoloration  of  the  skin,  and  the  formation  of  yellowish  wedge-shaped  i 
on  the  conjunctiva.    The  enlargement  of  the  spleen  may  b  .  the 

organ  being  tough  and  of  a  diffuse  pinkish-grey  colour.     The  pulp  becomes 
sly  replaced  by  □  rounded  or  irregular  *' Gaucher  cells/' 

often  multinucleated,  and  with  faintly-staining  fibrillar  or  reticulated  i 
plasm,  for  a  detailed  description  of  which  the  reader  is  referred  to  Kettle's 
paper  on   splenomegaly  (footnote,  pp.  657  v>.  in  which  he  a  ribes 

similar  changes  in  hDemolymph-glands. 

POLYCYTHEMIC  SPLENOMEGALY.     In  this  condition,  the  spleen  may 
attain  an  enormous  Bize.  of  the  primary  disease  is  probably  in  the 

marrow,  and  the  phenomena  in  the  spleen  are  mainly  those  due  I 

sive  hemolytic  activity  (/.  e.   phag  pigment,  etc.).     The 

erythrocytes  in  the  hi'  may  be  more  than  double  their  normal 

number;   the  hemoglobin  I  in  amount:   and  the  Leu  may 

also  be  considerably  increased  in  Dumber,     It  has  been  i>it  some 

i  of  this  disease  may  be   analogous  to  the  leucocytnaern ias    in  this 
inst  ince,  the  condition  I  ic,  in  place  of  the  leuoobl 

elements  of  the   marrow.        I  and  a  fuller  account  of  this  con- 

dition, see  p.  612.) 

1  la  a  series  <>f  oases  <»f  splenectomy  for  splenic  anemia  and  acholuric  jam  I 
by  Carslaw,  G 
followed  by  a  rise  in  the  Dumber  <>f  both  red  and  n  I  tonnt 

of  haemoglobin. 


CHAPTER    XVIII 

DISEASES   OF   THE   RESPIRATORY   SYSTEM 

DISEASES   OF  THE    NASAL   CAVITIES 

CONGENITAL  ABNORMALITIES.  —  Complete  absence  of  the  nose, 
absence  of  the  septum,  and  stenosis  of  the  orifices,  are  very  rare  defects. 
Deviation  of  the  septum,  and  defects  due  to  involvement  of  the  nasal 
cavities  in  the  conditions  of  hare-lip  and  cleft-palate,  are  comparatively 
common  (see  p.  732). 

DISTURBANCES  OF  THE  CIRCULATION.— Haemorrhage  from  the 
nose  (epistaxis)  is  common.  It  may  occur  without  any  apparent  cause, 
or  it  may  result  from  the  rupture  of  over-distended  vessels  in  acute  con- 
gestion or  in  chronic  venous  congestion  of  the  mucous  membrane.  It 
frequently  occurs  in  pernicious  anaemia,  leukaemia,  and  haemophilia,  and 
in  other  conditions  in  which  the  blood-vessels  are  diseased,  or  the  blood- 
pressure  is  unduly  high,  especially  in  Bright 's  disease.  It  is  not  uncommon 
at  the  onset  of  typhoid  fever  and  other  infectious  diseases.  A  certain 
amount  of  blood  is  often  mixed  with  the  purulent  discharge  of  rhinitis, 
or  with  the  exudate  from  inflammatory  conditions  of  the  accessory 
sinuses. 

INFLAMMATION  :— 

(a)  ACUTE  CATARRH  (Acute  Rhinitis,  Coryza).—  This  always  results 
from  some  specific  irritant,  and  its  commonest  manifestation  is  the 
ordinary  "  cold  in  the  head,"  but  more  intense  forms  are  seen  in  scarlet 
fever  and  in  diphtheria.  It  may  be  produced  by  the  action  of  irritant 
fumes,  but  is  more  usually  associated  with  certain  infective  conditions, 
such  as  influenza,  measles,  typhoid  fever,  etc.  Cold  is  probably  merely 
a  predisposing  cause,  acting  by  lowering  the  vitality  of  the  part.  The 
mucous  membrane  is  at  first  red  and  dry,  and  the  vessels  are  dilated. 
Very  soon,  there  is  exudation  of  lymph  with  migration  of  leucocytes 
from  the  distended  vessels;  and  a  secretion,  at  first  mucoid,  later  serous. 
and  then  muco-purulent,  appears.  The  organisms  associated  with  this 
condition  are,  Staphylococcus  albus  and  aureus,  Streptococci,  Pti 
various  diphtheroids ,  B.  pneumonia  of  Friedlander,  M.  catarrhal  is. 
sometimes  B.  influenza  and  the  Meningococci.  The  condition  is  usually 
caused  by  a  combination  of  several  of  these  organisms,  and  not  by  any 
single  group. 
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The  posterior  nares  and  especially  the  naso-pharynx  are  import 
areas  for  the  lodgment  of  bacteria,  and  the  naso-pharynx  is  generally 
recognised  as  the  oommoi  itioD  in  which  Meningococci  are  found  in 

carriers,  in  contact  cases  and  in  pat i-  bom  oerebro- 

spinal  fever.  It  has  been  found  that  in  a  oonaideiable  number  of  the 
carriers  of  meningococci,  adenoids  are  present,  and,  in  others,  there  are 
abnormalities  such  as  thickening  and  deformity  of  the  septum,  enlarge- 
ment or  deformity  of  the  middle  turbinates  and  narrowness  of  the  i 
cavities,  associated  with  some  03  lema  of  the  mucosa.  All  these  condit 
tend  to  bring  about  "contact"  of  the  mucosa,  and  not  only  favour  the 
genesis  of  carriers,  but  favour  also  the  resistance  to  treatment. 

Cleminson  *  believes  that  the  accessory  sinuses  are  the  main  seat  i  f 
meningococcal  infection  in  carriers,  and  that  these  cavities,  being  oi 
difficult  to  disinfect,  are  able  continually  to  reinfect  the  upper  and  i 
secluded  portions  of  the  naso-pharynx. 

Adenoids. — Hypertrophy  of  the  lymphatic  tissue  or  naso-pharyngeal 
tonsil  in  the  nasopharynx,  giving  rise  to  "adenoids,"  is  very  common  in 
children.  These  adenoids,  as  already  noted,  are  an  important  factor 
in  producing  carriers  in  cases  of  infection  with  Meningococci,  but  other 
bacteria,  e.g.  Pfeifler's  B.  influenza,  may  also  be  arrested  in  these  ma 
of  lymphatic  tissue,  and  adenoids  may  be  the  starting-point  of  tuber- 
culosis— the  bacilli,  air-borne  or  in  milk,  becoming  lodged  in  this  tissue. 

In  certain  cases,  the  exudate  may  be  fibrinous,  and  a  whitish  f 
membrane  may  be  produced.    This  is  commonest  in  inflammation  ca 
by    B.   diphtheria.    The  inflammatory   changes  may    extend  so  as 
involve  the  various  accessory  sinuses. 

(b)  CHRONIC  CATARRH.— This  is,  very  commonly,  a  sequel  of  repeated 
acute  attacks,  and  occurs  particularly  in  syphilitic  and  in  tuberculous 
subjects.  Narrowing  of  the  cavities,  especially  when  due  to,  or  asso- 
ciated with,  deviation  of  the  septum,  is  an  important  predisposing 
causal  factor.  The  mucous  membrane  becomes  thickened,  especially 
over  the  inferior  turbinate  bones;  and.  in  some  cases,  polypi  may  be 
formed.  This  hypertrophic  rhinitis  may  persist,  and  frequently  it  is 
followed  by  atrophic  changes;  dry  crusts  are  formed,  and  extensive 
ulceration    results.     The   x-civtion    b  purulent,    and    has    an 

tremely  offensive  odour.    To  this  atrophic  condition  the  term  ozaena 
is  applied. 

GRANULOMATA  AND  TUMOURS :— 

TUBERCULOSIS  may  present  itself  in  the  form  oi  localised  tul 
granulations,  or  more  widely  spread  ulceration,  and  is  probably  i 
frequently  observed  on  the  cartilaginous  septum.    La] 

from  the  to  involve  the  anterior  i  I  nasal  eavi* 

1  Cleminson,  "  Naso- pharyngeal  Condition!  in  Meningococcus   Carriers,"   / 
M.  !.  Jour.,  July  20,  L918,  | 
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SYPHILIS. — Mucous  patches  occur  in  the  secondary  stages  of  the 
disease,  and  the  catarrhal  condition  associated  with  "  snuffles  "  in  con- 
genital cases  is  well  recognised.  Spirochete  pallida  may  be  found  in  the 
secretions,  but  organisms  of  secondary  infection,  such  as  spirochceles  of 
other  types  and  various  bacteria,  are  frequently  present. 

Syphilitic  affection  of  the  nose  occurs  in  the  tertiary  stage  of  the 
disease,  gummata  being  formed  either  in  the  mucous  membrane  or  in  the 
deeper  tissues.  These  gummata  often  involve  the  bones  and  cartilages ; 
and  ulceration  and  extensive  destruction  of  the  tissues  may  result.  There 
may  be  perforation  of  the  septum  and  of  the  palate,  and  destruction  of 
the  nasal  bones. 

TUMOURS.— Mucous  and  fibrous  polypi,  true  papillomata,  sarcomata, 
and  both  squamous  epitheliomata  and  glandular  carcinomata  may  occur. 

The  polypi  are  often  the  result  of  inflammatory  changes,  and  may  be 
composed  of  oedematous  granulation-tissue. 

FOREIGN  BODIES  in  the  nose  may  become  encrusted  with  lime-salts 
and  form  nasal  calculi  or  rhinoliths. 

PARASITES. — Maggots  or  the  larvae  of  flies,  sporozoa  (Rhinos poridium 
kinealyi),  and  fungi  (Aspergillus  fumigatus)  may  occur. 

(PHARYNX. — Diseases  of  the  pharynx  are  dealt  with  under  the 
Digestive  System.) 
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MALFORMATIONS  occur,  but  these  are  so  rare  and  so  unimportant 
that  further  reference  to  them  need  not  be  made. 

DISTURBANCE  OF  THE  CIRCULATION.— Active  hyperaemia,  acute 
and  chronic  venous  congestion,  and  haemorrhages  occur,  but  do  not 
present  any  special  features  calling  for  description. 

FOREIGN  BODIES,  such  as  particles  of  food,  fish-  or  meat-bones, 
coins,  buttons,  teeth,  etc.,  may  gain  access  to  the  upper  air-passages.  If 
large,  they  may  close  the  orifice  of  the  glottis,  but,  more  commonly,  they 
give  rise  to  dyspnoea  and  spasm,  with  subsequent  inflammatory  changes. 

INFLAMMATION  :— 

(a)  ACUTE  CATARRH  of  the  larynx  occurs  as  a  result  of  chemical  or 
mechanical  irritation,  or  may  be  caused  by  some  bacterial — or  possibly 
protozoal — or  other  irritant,  as,  for  example,  the  catarrh  which  sometimes 
occurs  during  an  attack  of  measles,  whooping-cough,  smallpox,  or  typhoid 
fever.  Most  commonly,  it  occurs  as  an  extension  or  complication  of 
catarrhal  inflammation  of  the  throat,  trachea,  or  bronchi.  The  secretion, 
which  is  generally  scanty,  is  at  first  mucous,  and  later  muco-purnlent. 
The  mucous  membrane  is  red  and  swollen,  though  the  swelling  is  usually 
not  very  great,  and  does  not  commonly  give  rise  to  any  obstruction. 
The  suffocative  attacks  which  sometimes  occur  in  children  with  acute 
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laryngitis  are  due  to  spasm  of  the  muscles  of  the  as  well  as  to 

oedema  of  the  Qeighboui 

(b)  CHRONIC  CATARRH  may  follow  the  acute  form,  01  it  mav  1 
independently  of  it.    Over-use  of  the  voice,  01  exposure  to  cold,  to 
irritating  vapours,  to  dust,  eto.,  are  among  the  oommonei  pred 

causes    which    damage    the    tisSU€fi    and    allow    bach-rial    invasion.     The 

mucous  membrane  is  thickened  and  its  surface  appears  granular, 
probably  the  lesult  of  enlargement  of  the  racemose  glands.  Plat,  super- 
ficial, or  crater-like  ulcers  are  found  in  the  region  of  the  posterior  com- 
missure, 01  in  the  epiglottis  and  the  ary-epiglottic  folds.  Microscopically, 
the  mucous  membrane  shews  an  overgrowth  of  connective  tissue.  The 
contraction  of  this,  and  the  later  atrophic  changes,  may  bring  about 
stenosis  of  the  larynx — a  condition  specially  seen  in  syphilitic  disease. 

(c)  (EDEMA  GLOTTIDIS.— In  this  condition,  there  is  great  swelling 
of  the  tissues  of  the  glottis  and  its  neighbourhood,  with  ©edematous 
infiltration,  especially  of  the  looser  structures — the  whole  of  the  mucous 
and  submucous  tissues  being  involved.  As  already  stated,  the  oedema 
may  occur  during  the  course  of  Bright's  disease,  or  in  so-called 
angio-neurotic  cases  (which  are  probably  toxic  or  infective  in  origin), 
and  also  occasionally  as  the  result  of  idiosyncrasy  to  certain  drugs; 
but  it  is  associated  more  commonly  with  acute  or  chronic  inflamma- 
tory affections  of  the  larynx.     Thus,  it  may  occur  during  an   acute 

irrhal  inflammation,  or  in  connection  with  diphtheria,  the  pustular 
ge  of  smallpox,  and  in  syphilis  or  tuberculosis;  or  it  may  be 
brought  about  by  the  direct  spread  of  inflammation  from  adjacent 
parts,  or  by  the  direct  action  of  an  irritant,  as,  for  example,  the 
oedema  which  results  from  a  scald  produced  by  drinking  boiling 
water:  or  from  the  action  of  a  strong  mineral  acid,  etc.  The  parts 
specially  affected  are  the  looser  submucous  tissues  of  the  ary-epiglottic 
folds,  the  ventricular  bands,  and,  to  a  somewhat  less  extent,  the 
epiglottis,  especially  at  its  base.  Sometimes,  particularly  if  the  irritant 
be  a  septic  one,  the  OBdematous  infiltration  is  semi-purulent  or  purulent  ; 
and   may  extend   along  the  submucous  tissue   of  the  trachea    for   - 

distance  below  the  glottis. 

(<Z)  PERICHONDRITIS.  -Inflammation  of  the  perichondrium  mav 
If  more  OI  Less  chronic,  and  give  rise  to  mere  induration  and  swelling: 
but,  more  often,  pus  is  formed  under  the  perichondrium.  This  accumula- 
tion of  pus  cute  "it  the  cartilage  from  ite  Bourct  of  nutrition,  and  is 
generally  followed  by  necrosis.  The  cricoid  cartilage  is  most  frequently 
affected,    but    the   condition,   especially   when   suppuration    has  occurred, 

mav  extend  widely.    Commonly  a  secondary  result  of  tuberculosis  or  of 
syphilis  of  tin*  larynx,  it  may  occur  ;<-  a  primary  condition  in  cast 
typhoid  fever,  the  lesion  then  being  situated  towards  the  base  of  the 
arytenoid  cartilages  and  close  to  the  posterior  oommissur 

"  (e)  MEMBRANOUS  LARYNGITIS.— In  this  condition,  the  larynx  at 
first  shews  hyperemia  and  increased  mucous  secretion.    This  is  succeeded 
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by  the  formation  of  a  more  or  less  adherent  greyish  or  yellowish  membrane 
which,  on  microscopical  examination,  is  found  to  consist  largely  of  fibrin 
and  entangled  leucocytes,  with  also  some  degenerated  and  degenerating 
cells  of  other  varieties.  Though,  in  the  majority  of  cases,  this  false 
membrane  is  diphtheritic  in  origin,  and,  scattered  through  it,  may  be  found 
the  Klebs-Loefrler  bacillus  in  association  with  other  organisms,  especially 
Staphylococci,  Streptococci,  and  Pneumococci,  yet,  in  some  cases  a  mem- 
brane, similar  in  nature,  may  be  produced  in  other  infectious  diseases, 
such  as  scarlet  and  typhoid  fevers,  and  also  as  a  result  of  violent  irrita- 
tion, such  as  might  be  caused  by  the  inhalation  of  steam.  A  varying 
degree  of  necrosis  of  the  mucous  membrane — especially  in  its  more 
superficial  layers — is  also  present. 

TUBERCULOSIS  OF  THE  LARYNX  is  almost  invariably  secondary 
to  tuberculous  disease  in  the  lungs,  and  occurs  in  two  main  varieties  : — 

1.  Minute,  shallow  ulcers,  which  have  been  preceded  by  the  forma- 
tion of  small  tubercle-granulations,  may  occur  in  or  under  the  mucous 
membrane  of  the  vocal  cords.  These  ulcers  are  found  especially  on  the 
parts  of  the  larynx  where  the  sputum  most  readily  lodges,  i.  e.  near  the 
margins  of  the  cords  and  on  the  posterior  commissure. 

2.  There  may  be  extensive  tuberculous  infiltration  of  the  tissues, 
accompanied  by  inflammatory  oedema  and  secondary  ulceration.  In  this 
condition  of  laryngeal  phthisis,  the  tissues  of  the  larynx,  especially  the 
ary-epiglottic  folds  and  the  epiglottis  itself,  are  swollen,  thickened,  and 
ulcerated.  The  ulcers,  at  first  small,  become  confluent,  show  a  very 
irregular  outline,  and  may  lead  to  perichondritis,  especially  of  the  thyroid 
cartilage,  and  to  extensive  destructive  changes.  Microscopically,  the 
tissues  in  the  deeper  parts  of  the  larynx  are  swollen  and  infiltrated  with 
inflammatory  products,  and  there  are  well-marked  tubercle-follicles  and 
giant-celled  systems.  Secondary  involvement  with  other  bacteria  is 
frequent,  and  these  bacteria  aid  both  in  the  production  and  extension  of 
the  ulcerated  area. 

SYPHILIS  OF  THE  LARYNX  occurs  in  various  forms  and  at  any 
stage  of  the  syphilitic  infection.  There  may  be  merely  a  catarrhal 
condition,  or  a  catarrh  with  slight  erosions  of  the  surface.  "  Mucous 
patches  "  or  Condylomata,  which  are  irregular  papillomatous  elevations 
of  the  mucous  membrane,  may  be  present;  or  there  may  be  irregular 
infiltration  of  the  structures  with  granulation-tissue.  More  character- 
istic changes,  however,  are  the  deep,  irregular  ulceration  and  extensive 
infiltration  of  the  whole  of  the  tissues  of  the  larynx.  The  ulcers  cause 
considerable  destruction,  not  only  of  the  mucous  and  submucous  tissues. 
but  also  of  the  cartilages;  and  perforation  may  be  brought  about.  The 
newly-formed  infiltrating  tissue  undergoes  cicatrisation;  and  irregular 
contraction  and  partial  stenosis  are  produced.  The  syphilitic  ulcers 
are  found  most  commonly  at  the  upper  part  of  the  larynx  in  the  region 
of  the  vocal  cords,  but  they  may  occur  at  other  parts,  and  may  bring 
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about  secondary  involve!  larger  bronchi,  especially 

near  tin*  main  bifurcation.    They  n.  more 

particularly  of  the  cricoid  cartilage. 

LEPROSY  and  GLANDERS  may  attack  the  larynx,  producing  thick 
ing  and  ulceration. 

TUMOURS  arc   oo  hod.   but   papillomata  and    fibromata   n 

occur.    The  former  grow  most  frequently  from  the  vocal  and 

the  latter,  on  ta<  the  base  of  the  epiglottu      Ol    ei  simple 

tumours  are  very  rare. 

Primary  carcinoma  may  occur,  and  is  of  the  squamoufl  epithelial 
type.    Sarcomata  ai  tonally  found. 

PARALYSIS  of  the  muscles  of  the  Larynx  may  be  unilateral  or  bilateral, 

and  may  involve  the  abductors  or  adductors  or  both.  The  extent  will 
depend  on  the  size  and  the  position  of  the  lesion  which  involves  the  nerves 
of  supply.  Such  lesions  may  be  central,  i.  e.  in  the  brain  or  spinal  cord; 
ur  they  may  be  local,  as  aneurisms,  tumours,  etc..  pressing  on  the  vagus 
or  the  recurrent  laryngeal  nerves:  or  as  neuritis  of  these  nerves  them- 
selves, e.g.  in  lead-poisoning,  etc.  Resulting  from  this  condition,  inflam- 
matory affections  may  be  set  up  in  the  bronchi  and  lungs,  e.g.  through 
the  inhalation  of  food — giving  rise  to  broncho-pneumonia,  etc. 

DISEASES   OF   THE   TRACHEA 

CIRCULATORY  DISTURBANCES,  similar  to  those  seen  in  the  larynx, 

to  which  reference  has  already  been  made,  may  also  occur  in  the  trachea. 

COMPRESSION  by  aneurisms,  mediastinal  growths,  etc.,  may  take 
place  ;  and.  as  a  result  of  the  erosion  by  an  aneurism,  or  the  necrosis  and 
suppuration  produced  by  breaking  down  glands,  perforation  may  occur. 

INFLAMMATORY  CONDITIONS  are  generally  the  result  of  the  exten- 
sion of  a  laryngitis  or  a  bronchitis,  and  present  much  the  same  features 
as  are  observed  in  the  larynx  or  in  the  bronchi. 

ANTHRAX  :  WOOL-SORTERS'  DISEASE.— The  local  lesion 
of  swollen  patches,  often  with  considerable  haemorrhage  into  them,  in  the 
mucous  membrane  in  the  lower  pari  of  the  trachea  and  the  large  bronchi. 
The  tissues  are  inflamed  and  oddematous,  and  ulceration  may  be  pre 
There  is  always  associated  enlargement  of  the  mediastinal  and  bronchial 
glands,  and  hemorrhagic  infiltration  of  the  cellular  tissues  of  the  region. 
There  are  pericardia]  and  pleural  effusions,  hemorrhages  into  the  Berous 
membranes,  and  congestion,  ooB  ma  of  the  lungs.    In  the 

local  lesions.  B.  anthracis  is  pre  dally  in  large  numb' 

TUBERCULOSIS  and  SYPHILIS  also  occur  under  the  same  conditions. 

and  produce  much  the  same  lesio  'i  the  larynx.     Further  p 

therefore,,  need  not  be  made  to  them. 
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TUMOURS.— Primary  tumours  are  rare.  Secondary  cancers  or 
sarcomas  which  have  spread  from  the  oesophagus,  thyroid  gland,  or 
surrounding  lymphatic  structures,  may  occur. 

DISEASES  OF  THE   BRONCHI 

In  studying  the  diseases  of  the  bronchi,  it  is  essential  to  recall  some  of 
the  more  important  points  in  the  histological  structure  of  these  tubes.  The 
mucous  membrane  is  covered  by  a  layer  of  columnar  ciliated  epithelium, 
beneath  which  there  is  a  translucent  homogeneous  basement-membrane. 
Between  the  basement-membrane  and  the  muscular  coat,  there  is  a  layer 
of  vascular  connective  tissue  containing  elastic  fibres,  in  which  masses  of 


Fig.  298. — Transverse  Section  of  a  Normal  Bronchus,  shewing  tlu>  various 
structures  mentioned  in  the  text.         .'5". 

lymphoid  tissue  occur.  The  muscular  coat  or  bronchia]  muscle  (muscularis 
mucosae),  which  is  really  the  deeper  part  of  the  mucosa,  consists  mainly  of 
circular  fibres,  with,  however,  a  few  longitudinal  ones.  External  to  the 
muscularis  mucosa?  is  the  adventitial  coat,  composed  of  loosely  arranged 
connective  tissue,  which  is  continuous  with  the  interstitial  connective  tissue 
of  the  lung.  In  this  adventitial  coat ,  t  he  mucous  glands  and  the  cartilages 
are  situated.  In  the  smaller  divisions  of  the  intra-pulmonary  bronchi, 
the  adenoid  tissue  becomes  gradually  reduced  in  amount  until,  in  the  very 
minute  branches,  no  trace  of  it   can   be  found.      In   like  manner,  the 
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cartilages  become  irregular  and  smaller,  and  finally  disapp         On  the 
other  hand,  the  muscularis  mu<  it  helium 

also  alters  in  char*  I  cubical,  -'  in  the 

terminal  branches.     On  this  difference  in  hi  tnre  dep 

to  a  certain  extent,  the  variations  in  the  charactei  of  the  h  rhich 

are  found  in  different  parts  of  the  bronchial  tree,  even  although  I 
may  in  each  case  be  produced  bythe  Bame  irritant.   Tim  f  the 

larger  bronchi  resemble  those  of  the  trachea,  with  which  th 
closely  corresponds,  and  do  not  tend  to  spread  to  the  adjacent  lui  \ 


ol  Bronchiolea  \\  i t } »  tlu-ir  [nfundibolai 
the  Bftocul  inoe  <>t  the  Terminal  Veeiclei  or  Infuiulilula.    (Made  I 

rthcart,  C.B.E.,  I ■'.!:.«  .8.E.  7  u  I  otiveJy.) 

whereas  affections  of  the  minute  bronchi  are  more  closely  allied  to  thoc 

the  lung-parenchyma,  and  tend  to  Bpread  to  it. 


INFLAMMATION. — Inflammatory  changes  in  the  bronchi  vary  much 
in  intensity.  In  the  Blighter  forms,  the  larger  and  medium-sized  tubes 
are  mainly  affected.     Where  the  minuter  divisions  of  tl 

are  inflamed,  the  condition  :ally.  if  not  lociated  with 

tmpanying  disease  of  the  lung-parenchyma.     Thus,  in  describing 
Bronchial  Catarrh  or  Bronchitis,  it  will  be  convenient  to  limit  the  descrip- 
tion to  inflammatory  changes  in  the  Lai  I  medium-sized  bronchi, 
leaving  the  changes  in  the  smaller  branches  to   be  dealt   with  oi 
Broncho-Pneumonia. 

(1)  ACUTE  BRONCHITIS  OR   BRONCHIAL  CATARRH.- This 
dition,  when  not  associated  with  inflammation  of  the  lung-parenchyma, 
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is  mainly  confined  to  the  medium-sized  intra-pulmonary  bronchi ;  and 
may  arise  from  exposure  to  cold,  the  inhalation  of  irritant  vapou: 
by  extension  from  a  laryngitis  or  a  tracheitis.  The  condition  is  very 
commonly  associated  with  infectious  fevers.  The  organisms  most 
frequently  present  are  Pneumococri  and  Streptococci,  but  B.  influenza, 
M.  catarrhalis,  B.  pneumonia  of  Friedliinder,  and  other  bacteria  may  be 
found.  The  mucous  membrane  appears  swollen,  and  is  of  an  intensely 
red   colour.      In    the    early    stage,  the    membrane   may   be   dry,    but, 


Tig.  301. — Transverse  Section  of  a  Bronchus  in  a  case  of  Acute  Bronchitis.  Note  the  very 
marked  infiltration  of  the  mucosa  with  inflammatory  cells,  the  separation  and  BweUing 
of  the  muscularis  mucosa",  the  swelling  of  the  basement-membrane,  and  the  irregular 
appearance  of  the  lining  cells.     x45. 

later,  it  becomes  covered  by  a  mucous,  muco-purulent,  or  a  purulent 
secretion.  The  secretion,  at  first  viscid,  tough,  and  more  or  less 
translucent,  is  largely  composed  of  mucin,  which  is  poured  out  in 
excessive  amount  from  the  inflamed  mucous  glands.  In  the  hit- 
it  becomes  less  tough,  more  opaque,  and  yellowish-white  or  greenish  in 
colour,  owing  to  the  infiltration  of  the  mucin  with  the  cellular  and  fluid 
products  of  the  inflammatory  process.  Usually,  the  cellular  content,  in 
the  early  stages,  is  not  high  and  consists  mainly  of  a  few  leucocytes 
blood-corpuscles  and  a  few  cylindrical  epithelial  cells  (bronchial  cells). 
There  may  be  some  mononucleated  cells  the  so-called  "mucous 
corpuscles."   derived    probably   from   lymphatic   masses   along  the   tract. 
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Later,  when  the  muco-purulent  ched,the  inflammatory  cclli 

(pus-cells)  ai  I  the  epithelial  cells  h  their 

shape  and  show  vai  b.     Microscopically,  thi 

congestion  with  BwelHng  of  the  mucous  membrane,  due  to  the  dilatation 
of  the  vessels  and  the  transudation  of  lymph  from  them  (see  I 
The  lining  epithelium  is  swollen,  and  the  cells  undergo  proliferation 
ration— sometimes  in  irregular  masses-  bom  the   basement-n 
brane,  which  itself  undergoea  irregular  swelling.    The  i 
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Fia,  :}(»J.     LttMf — Acuta  Bronchitii     sbewii  ted    reeeale,    thickened    basement' 

membrane,  proliferation  <>f  lining  epithelium!  ami  exude  in  the  lumen.    (The  blank 
in  tin-  oentre  if  an  artefact  due  to  retraction  oi  the  exudate  during  embedding.)    : 

infiltrated  with  !■  md  its  fil  d  the  fibres  of  the  muscularis 

mucosa  are  separated  from  one  another  and  swollen  by  the  accumulation 
and   imbibition   of  the  transuded    lymph.    The   mucous  •_  she* 

marked  catarrhal  chang 


(2)  CHRONIC  BRONCHITIS  i  attacks  of  the 

form,  especially  in  people  who  have  intercurrent  affection  of  the 

heart  or  Lungs  which  keeps  up  a  congestion  of  the  mu< 
The  secretion  is  often  very  abundant,  and  frequently  -  all  the 

chars  B  may  be  p  ed  from  I  be 
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pigment  or  of  altered  blood.  The  mucous  membrane  is  congested,  and 
often  shews  a  brownish-red,  or  even  a  slaty-blue,  pigmentation.  Some- 
times, especially  in  the  so-called  subacute  eases,  the  sputum  is  tenacious, 
viscid  and  very  small  in  amount.  Where  the  bronchitis  is  associated 
with  emphysema,  the  quantity  of  sputum  may  vary  considerably,  and 
may  consist  of  gelatinous  or  frothy  mucus,  or  yellowish-white  muco- 
purulent exudate,  often  tinged  with  blood.  It  usually  contains  greater 
or  smaller  numbers  of  pus-cells  and  may  shew  blood-cells  and  pigmented 
alveolar  epithelium.  Occasionally,  eosinophil  cells  are  found,  but  these 
are  more  characteristic  of  true  cases  of  Asthma.  The  lumen  of  the 
bronchus  may  be  dilated,  and  its  normal  corrugated  appearance  be  to  a 
large  extent  lost.  Later  in  the  disease,  the  mucous  membrane  becomes 
thinned  and  atrophied,  and  through  it  the  fibrous  and  cartilaginous  frame- 
work of  the  bronchus  becomes  more  apparent.  Minute  ulcers,  just  visible 
to  the  naked  eye,  are  sometimes  seen  between  the  cartilage-rings.  On 
microscopical  examination,  the  epithelial  changes  are  very  pronounced, 
almost  the  whole  of  the  ciliated  cells  having  disappeared.  They  may, 
in  parts,  be  replaced  by  columnar  or  polygonal  epithelium,  the  mucous 
membrane  becoming  thinned  and  atrophied.  The  basement-membrane 
shews  irregular  thickening.  The  mucosa  and  sub-mucosa  may  shew 
very  considerable  swelling,  the  vessels  be  much  dilated,  and  the  mucous 
glands  shew  a  condition  of  chronic  catarrh  and  atrophy,  some  of  them ,  it 
may  be,  becoming  cystic  from  obstruction  to  their  ducts.  The  mucosa  is 
infiltrated  with  cells,  mostly  of  the  mononucleated  type,  and  presents  the 
appearance  of  vascular  granulation-tissue.  At  a  later  stage,  the  loose 
vascular  structure  of  the  mucosa  may  be  replaced  by  well-formed  fibrous 
tissue,  which  spreads  to  the  lung-parenchyma.  The  cartilages  may 
undergo  degenerative  changes  and  partial  absorption,  whilst  the  muscular 
tissue  becomes  infiltrated  with  inflammatory  cells,  and  may  atrophy 
and  be  replaced  by  fibrous  tissue. 

The  bacteria  associated  with  this  condition  are  the  same  as  those 
found  in  acute  cases,  viz.  Streptococci,  Pneumococci,  B.  influenza,  or,  at 
any  rate,  Gram-negative  bacilli  practically  indistinguishable  from  this 
organism,  M.  catarrhalis,  B.  pneumonia  of  Friedlander,  etc. 

(3)  MEMBRANOUS  OR  PLASTIC  BRONCHITIS.— This  condition  is 
characterised  by  spasmodic  attacks,  which  come  on  suddenly,  and,  during 
which,  casts  of  portions  of  the  bronchial  tree  are  expectorated.  The 
attacks  are  often  preceded  by  haemorrhage.  These  casts  are  whitish  or 
greyish- white  in  colour,  and  branches,  corresponding  to  the  divisions  of  the 
bronchi,  are  seen  if  the  cast  is  floated  out  in  water.  The  mode  of  their 
formation  is  unknown.  They  are  generally  regarded  as  being  composed  of 
masses  of  fibrin,  and  hence  the  condition  has  been  called  "Fibrinous 
Bronchitis.''  In  some  cases,  however,  the  cast  is  composed  mainly  of 
masses  of  epithelial  cells,  with  little  or  no  fibrin.  Similar  casts,  which  are 
definitely  fibrinous  in  character,  are  sometimes  Been  in  the  bronchial  tubes 
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in  cases  of  diphtheria;  and.  in  sumonia,  a  fibrinous 

exudate  may  form  in  the  Bmallei  i,  which  may 

be  expectorated. 

STENOSIS,  SPASMODIC  CONTRACTION,  AND  DILATATION  :— 

STENOSIS  OF  THE  BRONCHI  may  be  caused  from  without  by  the 

sure  of  tumours  or  aneurisms.    Tun. ours,  especially  Baroomata  of  the 

mediastinum,  may  extend  along  the  bronchi,  compress  and  invade  their 

walls,  and  thus  cause  very  considerable  narrowing  or  even  complete 

obstruction. 

Narrowing  also  results  from  spasmodic  contraction  of  the  muscular 
wall;   and  it  is  generally  held  that,  in  asthma,  this  narrowing  of  the  : 
bronchi  is  tl  tial  pathological  change,  the  muscular  spasm  being 

the  result  of  nervous  agencies.  It  is  doubtful  whether  the  muscular 
spasm  is  the  sole  cause  of  the  asthmatic  attacks,  for  there  is  alwi 
associated  with  these  attacks,  actual  swelling  of  the  mucous  membrane, 
and  generally  also  the  presence  of  exudate,  which  may  be  of  a  fibrinous 
nature.  The  small  octahedral  Charcot-Iieyden  crystals,  which  Leyden 
considered  as  causal  of  the  muscular  spasm,  cannot  now  be  thus 
regarded. 

DILATATION  OF  THE  BRONCHI  (BRONCHIECTASIS).— Probably, 
in  in'  5,  this  condition  is  produced  by  several  causes  which  operate 

iher.  Of  these,  two  of  the  most  important  are  increased  intra - 
pulmonary  pressure,  and  weakening  of  the  wralls  of  the  bronchi.  The 
increased  intra-pulmonary  pressure  is  commonly  associated  with  bronch- 
lti-  or  with  laryngeal  stenosis;  whilst  the  weakening  of  the  walls  of  the 
bronchi  may  be  congenital,  or  may  result  from  prolonged  inflammatory 
changes  and  retention  of  secretion,  which  occurs  round  a  foreign  body 
such  as  a  tooth,  a  collar-stud,  fragments  of  food  and  the  like,  which 
have  been  inhaled  into  the  bronchus  and  become  impacted.  The  smaller 
bronchi  are  much  more  liable  to  become  bronchiectatic  than  the  1 
ones,  and,  in  such  conditions  as  broncho-pneumonia,  dilatation  of  the 
bronchioles  is  frequently  observed.  Tin-  is  common  in  acute  broncho- 
pneumonia in  children,  but  it  is  specially  marked  in  those  cases  in  which 
resolution  is  delayed  and  incomplete  and  in  which  a  fibrosis  of  the  ail' 
lung-tissue  has  occurred,  and  is  usually  most   marked  in  the  lower  | 

of  the  lower  lobes.     In  cases  of  congenital  atelectasis,  in  which  port] 
(jf  the  lung  do  not  expand  at  birth,  and  remain  unexpanded.  t  he  bronchial 
walls  are  usually  not  so  well  devel  >ped  as  in  other  parts  of  the  hi! 
dilating  force,  in  tin-  must  !»•■  1 OS  action  of  the  inspired  air.     Old- 

ding  inflammatory  changes  only  by  weakening  the  walls  of 

the  bronchi,  but   by  producing  an  overgrowth  <>f  fibrous  tissue  in  the 

surrounding  lung.     This  fibrous  tissue,   by  its  contraction,  pulls  on  and 

dilates  the  walls  of  the  bronchi,  especially  if  the  pleural  sac  is  obliterated 
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by  adhesions.  The  dilatation  which  occurs  in  the  various  forms  of 
interstitial  pneumonia  is  due  largely  to  this  dragging  on  the  tubes  by  the 
newly  formed  and  contracting  fibrous  tissue.  In  chronic  phthisis,  too,  the 
bronchiectasis  is  in  part  due  to  the  same  cause,  though  the  weakening 
of  the  walls  by  tuberculous  ulceration  and  inflammatory  changes  set  up 
by  the  decomposition  of  the  retained  secretions,  and  by  the  loss  of  support 
due  to  the  destructive  processes  in  the  lung,  must  play  an  important  part. 
The  direct  cause  of  the  dilatation,  in  the  majority  of  cases,  is  the  increase 
in  the  intra-pulmonary  pressure  produced  by  coughing. 

Morbid  Anatomy. — The  dilated  bronchi  may  be  sacculated  or  digitate. 
The  sacculated  form  is  seen  especially  in  the  various  forms  of  tuberculosis, 
where  local  inflammatory  and  destructive  processes  are  at  work.  The 
dilated  tubes  may  assume  the  form  of  large,  irregular  cavities.  These 
have  usually  a  definite  lining  membrane,  and  direct  communication  with 
an  open  bronchus  can  generally  be  made  out. 

In  the  digitate  or  cylindrical  form,  the  medium-sized  bronchi,  through- 
out a  considerable  part  of  the  lung,  are  unduly  widened,  the  cause  here 
being  a  more  or  less  general  one,  such  as  prolonged  bronchitis.  The 
dilatation  may  be  regular,  but,  more  commonly,  the  tubes  shew  a  diffuse, 
irregular  beading.  This  digitate  or  cylindrical  form  is  seen  in  the  smaller 
bronchi  in  cases  of  pneumonia. 

Morbid  Histology. — The  microscopical  appearances  of  the  dilated 
bronchi  vary  considerably,  the  variation  depending,  to  a  certain  extent, 
on  the  exciting  cause.  If  the  inflammatory  changes  are  marked,  the 
tissues  of  the  wall  are  infiltrated  with  inflammatory  cells,  and  the  normal 
structures  are  more  or  less  altered  or  destroyed ;  whilst,  in  other  cases,  the 
structures  of  the  wall  may  be  thinned  and  stretched,  but  can  all  be  dis- 
tinguished. The  epithelium  lining  the  cavity  may  be  intact,  or  it  may  be 
destroyed,  and  the  whole  mucous  membrane  may  be  replaced  by  granula- 
tion-tissue. The  secretion,  or  exudate — generally  abundant — has  a  very 
foetid  odour.  It  is  usually  greyish  or  greyish-brown  in  colour,  fluid, 
and  purulent ;  though,  in  some  cases,  it  is  thick,  viscid,  and  blood-stained. 
Pus-cells  are  found  in  considerable  numbers ;  elastic  tissue  may  be  present 
when  destruction  of  the  walls  is  taking  place ;  fatty-acid  crystals, 
cholesterol-,  and  ha3matoidin-  crystals  are  sometimes  found;  and  alveolar 
epithelial  cells  containing  pigment,  mucin,  or  fat,  are  generally  present. 
Occasionally,  calcium  salts  are  deposited,  giving  rise  to  the  so-called 
lung-stones.  In  addition  to  various  pathogenetic  bacteria,  putrefactive 
organisms  are  present  in  considerable  numbers. 

ASTHMA. — Though  there  are  no  characteristic  pathological  changes  in 
asthma,  the  sputum  is  very  typical.  During  the  attack,  it  may  be  scanty, 
containing  thick  glairy  mucous  balls  in  a  clear,  frothy  mucus.  These 
mucous  balls  are  translucent  to  pale-grey  or  greyish-yellow  in  colour,  and 
shew  cylindrical  or  sausage-shaped  masses  of  thick  mucous  threads  or 
definite  Curschmann's  or  other  spirals.  In  the  sputum  are  found 
43 
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alveolar  cells    and    eosinophil    leu<  hmann's    spirals 

occur  in  practically  every  tin-  «.f    bronchia]  asthn 

found  particularly  at  the  end  of  the  \  m.   Thej  of  ■  mm 

mantle,  containing eosinophil  and  epithelial  oella  ami  a  refractiA 
fibre  of  altered  mucus  which  is  often  subdivided  into  fine  fibrils.    They 
are  found  also  in  BOl  -  of  chronic  bronchitis  without   -  113  of 

asthma.    Various  organisms,  e.g,  oapsulated  strepto*  [uent 

occurrence   in   the   bronohitic    casts   in   asthma,   though    theii   oa 
relationship  to  the  disease  is  not   established.     Numerous  author-  now 
regard  asthma  as  an  anaphylactic  phenomenon  produced  by  the  inhala- 
tion of  pollen,   hairs,    featle  .   or  the   ingestion   of  certain   f< 
rrhe  subject  is  a  very  complex  one,  and  embraces  ti  location,  not 
only  of  bacterial  infection  of  the  respiratory  trait,  including  the  nose 
and  nasal   &            .    sinuses,   but  of  peripheral  stimulation   1  l<ewhere 
ric,  intestinal,  uterine,  etc.),  undue  susceptibility  to  foreign  proteins, 
the  influence  of  the  parasympathetic  and  hyper-irritability  of  thi 
centre,  etc.,  and  the  sympathetic  and  endocrine  balance. 

TUMOURS  :— 

Primary  cancers  arising  from  the  mucous  glands  have  been  describ 
but  are  very  rare.    Fibromata,  chondromata,  and  lipomata  may  occur; 
and  secondary  growths,  both  cancerous  and  sarcomatous,  may  involve 
the  bronchi. 


DISEASES  OF  THE   LUNGS 

GENERAL  FACTS.—  Brief  reference  must  he  made  to  certain  anatomical 
iderationfl  which  have  an  important  hearing  on  the  distribution  and  the 
character  of  pathological  conditions  in  the  lung. 

In  the  walls  of  tie-  lunjj-alveoli  there  iderable  amount   of  1 

ie,  in  w  hich  is  embedded  a  rich  net  work  of  capillaries  which  are  the  terminal 
branches  of  the  pulmonary  artery.  The  alveoli  are  lined  by  flattened  cells 
of  an  endothelial  type,  and  communicate  with  the  terminal  branches  of  the 

bronchioles.      Bel    lee   the   pulmonary  arterial   supply,   there   is.   in  addition, 

a  supply  from  the  bronchial  arteries.    The  latter  nourishes  the  walls  of  the 

bronchi  and  the  connective-tissue  framework  of  the  lung  itself.      The  return 

dation  for  both  the  pulmonary  and  the  bronchial  arterial  supply  is  mainly 
carried  on  through  the  pulmonary  veins.    'I'll.-  distribution  of  the  lymph, 
of  the  lungs  is  ol  inaderable  importance,  for  it  is  mainly  alo 

channels  that  irritant  mat<  rials  are  carried  to  different  parts  of  the  organ. 

They  are  found  in  the  walls  of  the  alveoli,  and  also  pass  along  the  walls  of 

the  bronchi  and  tie  Anotl  mi  of  lymph 

immediately  beneath  the  pleura,  and  p  f  the 

lung.    The  lymphatic  trunks  leave  the  lung  at  it  bides  in] 

into  the  small  bronchi  and  alveoli  readily  the  lymphat* 

and  are  carried  along  the  lymphatic  channels  by  phagocytic  'ells  and  1« 
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in  the  fibrous-tissue  framework  of  the  lung  itself,  e.  g.  in  the  subserous  con- 
nective tissue,  inter-lobular  septa,  peribronchial  tissue,  etc.,  and  in  the 
lymphatic  glands  and  elsewhere. 

MALFORMATIONS  :— 

Complete  congenital  absence  or  extreme  smallness  of  one  or  bath  lungs 
has  been  described.  Absence  of  one  or  more  lobes  has  also  been  noted 
by  some  observers.  Other  abnormalities,  e.g.  in  the  number  and  size 
of  the  lobes,  and  the  presence  of  additional  sulci,  are  common.  Con- 
genita] abnormalities  of  the  pulmonary  vessels  occasionally  occur,  such  as 
.  absence  of  one  of  the  pulmonary  arteries — a  bronchial,  or  even  an 
inter-costal,  artery  coming  directly  from  the  aorta,  enlarging  and  taking 
its  place. 

INJURIES. — There  seems  little  doubt  that  clean  perforating  bullet - 
wounds  of  the  chest  may  produce  no  serious  pathological  change,  and  that 
the  patients  may  recover  quickly  and  completely.  But,  in  the  majority  of 
cases,  there  is  added  to  the  simple  puncture  the  effects  of  laceration, 
contusion  and  haemorrhage  and  bacterial  infection.  The  actual  amount 
of  destruction  will,  of  course,  depend  on  the  shape,  size,  direction,  and 
velocity  of  the  penetrating  missile.  The  lung-wound,  in  the  majority 
of  fatal  cases,  is  characterised  by  laceration  and  bruising,  with  wide 
extravasation  of  blood  into  the  tissues  surrounding  the  track.  Pneumo- 
thorax is  not  common  in  these  cases,  but  hemothorax  occurs  in  a  con- 
siderable proportion.  If  the  lung  is  healthy,  haamothorax  generally 
causes  collapse  and  hinders  the  spread  of  infection.  Localised  sepsis  is 
common  in  these  cases  and  may  occur  in  both  collapsed  and  uncollapsed 
lungs;  but  the  spread  of  the  inflammatory  area,  producing  patches  of 
septic  broncho-pneumonia  at  some  distance  from  the  original  wound,  is, 
according  to  Henry  and  Elliott,1  unusual  in  the  collapsed  lung.  According 
to  these  authors,  the  septic  broncho-pneumonia  starting  from  the  wound 
and  spreading  throughout  the  lung  is  always  most  marked  in  cases  of 
lung-laceration  without  haemothorax,  but,  when  hemothorax  occurs,  the 
laceration  is  relatively  harmless. 

GAS-POISONING. — The  effects  of  such  heavy  gases  as  chlorine  or 
bromine  have  been  specially  investigated,  and  chlorine  was  largely  used 
as  the  drift-gas  for  offensive  purposes  during  the  late  war.  The  im- 
mediate effect  was  to  produce  asphyxia  and  death.  If,  however,  the  subject 
survived  immediate  asphyxia,  great  dyspnoea  supervened.  Intense  con- 
gestion of  the  mucosa  of  the  trachea  and  larger  bronchi  was  produced  ;  t  he 
tubes  became  filled  with  a  thin,  light-yellow,  frothy  secretion,  which  \\;i- 
richly  albuminous.  The  lungs  shewed  intense  oedema  and  congestion,  with 
irregular  areas  of  emphysema    apparently  produced  acutely.    Various 

1  Henry   and    Elliott,    "Morbid    Anatomy  of   Wounds  of  the  Th  Jour. 

R.A.M.C.,  vol.  xxvii.,  p.  f>25. 
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stages  of  this  oedema  and  congestion  were  found  in  differ  i.    Such 

often  had  a  verj  Blowand  prolonged  ©  1  were  liable 

to  chronic  bronchitis  and  othei  secondary  inf( 

With  phosgene-gas  the  results,  in  the  longs  and  air-p  were 

very  .similar  to  those  obtained  with  chlorine,  though  capillary  throml 
in  the  Lungs  was  frequently  found.    The  pathology  of  tl 
mustard-gas  was  different.    Alter  a  latent  period  of  twenty-four  how 
intense  inflammatory  action  set  in  which  brought  about  complete 
of  the  bronchial  mucous  membrane.    At  a  later  period,  in  those  who 
n  cover*  d,  fibrosis  occurred  around  the  lumen  <»l  the  bronchi,  and 
tendency  to  bronchitic  attacks  \  equel.    There  Beems  little  doubt 

that  gas-poisoning  may  stimulate  latent  tuberculosis  into  activity,  but 
we  find  no  evidence  that  pulmonary  tuberculosis  is  a  common  sequel 
isoning. 

DISTURBANCES    OF   THE   CIRCULATION  :— 

(a)  ACTIVE  HYPEREMIA.— This  is,  usually,  the  result  of  some  in- 

••ss,  or  is  produced  by  the  inhalation  of  irritating  fume 
of  organic  or  inorganic  particles  which  act  as  mechanical  irritants. 
It    is  a   marked   feature   of   the   inhalation   of   "  poiso;  often 

•  nt   after  ether- anaesthesia,  and  is  almost  a  it  feature  in  all 

acute  infective  diseases,  whether  of  bacterial  or  toxic  origin,  i  isles, 

septicaemia,  etc.  It  is  very  often  only  an  early  stage  of  acute  inflammation 
of  the  lung,  the  vessels  in  the  alveolar  wall  shewing  marked  dilatation, 
and  the  alveolar  spaces  containing  lymph  or  even  blood.  A  collateral 
hyperemia  sometimes  develops  in  one  part  of  a  lung,  when  there  has 
Buddenly  arisen  a  considerable  degree  of  obstruction  to  the  pulmonary 
circulation  in  another  portion  of  the  organ.     Thus,  embolism  or  thromb- 

of  the  pulmonary  artery  may  produce  collateral  hyperemia. 

(b)  PASSIVE  HYPEREMIA  OR  VENOUS  ENGORGEMENT. —Venous 

•  nt  may  occur  rapidly,  especially  in  conditions  which  lead  to 
embarrassment  of  the  heart's  action,  such  as  results  from  weakness,  from 
bral  conditions,  e.g.  epilepe  it  etc.,  and  also  in  here 

thrombosis  of  the  pulmonary  veins  has  occurred;    but  it   ifi  Dy  a 

slowly  developed  and  chronic  condition,  and  is  commonly  described 
under  the  term  Chronic  Venous  Congestion.  It  is  due  to  anything  which 
prevents  the  tree  outflow  of  blood  from  the  Lungs,  the  commonest  cause 
being  disease  of  th<  bher  to  some  valvular  lesion  which 

inter]  echanicaJly  with  the  pulmonary  circulation,  or  to  muscular 

weal  i  he  heart  le  Lriving  power.     The  cardiac  valvular 

Lesion  which  gives  rise  to  this  condition  in  its  most  pronounced  d< 

>r  incom]  of  the  mitral  valve.     Even  when,  by  h; 

trophy  of  the  various  chambers  of  the  I  ally  of  the  right 

ventricle,  circulatory  compensation  still 

an  increase  of  pressure  in  the  pulmonary  circulation,  and.,  in  I 
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a  condition  of  venous  engorgement.  If  compensation  is  not  established, 
the  engorgement  becomes  much  more  pronounced;  and  indurated,  ill- 
defined  patches,  varying  considerably  in  size,  and  often  situated  towards 
the  lower  part  of  the  lung,  are  produced.  They  are  specially  abundant 
where  there  has  been  a  large  amount  of  capillary  haemorrhage.  The  lung, 
especially  at  these  areas,  is  of  a  dark  brick-red  colour,  and  tough  and 
indurated  in  its  consistence.  This  condition  is  very  commonly  described 
as  Brown  Induration,  but  Hasse  originally  used  this  term  for  irregular 
patches  of  lung-tissue  in  which  the  air-spaces  became  filled  with  pigmented 

wmmekm  -.  • :  >  *g 
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Fig.  303. — Lung  in  Chronic  Venous  Congestion,  Bhewing  varicosity  and  thickening  oi 

tho  alveolar  capillaries,  and  the  presence  of  catarrhal  cells  and  blood-corpuscles  in 
the  alveolar  Bpaces.     X200. 

cells,  and  which  were  probably  areas  of  old  infarction.  There  was  not 
sarily  chronic  venous  congestion  associated  with  them.  On  micro- 
scopical examination  of  typical  cases  of  chronic  venous  congestion,  the 
veins  and  capillaries  are  distended,  those  in  the  alveolar  septa  being  very 
prominent,  giving  to  the  latter  a  beaded  appearance.  The  walls  of  the 
distended  vessels  are  much  thickened.  The  alveolar  spaces  contain 
blood  and  catarrhal  cells  in  varying  quantities,  and.  in  Borne  areas, 

the  lung  is  rendered   almost    airless   by  this  filling  up  of  the  air-Sp 

The  catarrhal  cells  originate  mainly  as  proliferated  and  cast-off  cells  from 
the  endothelial  lining  of  the  alveoli,  They  are  phagocytic,  take  up 
red  blood-corpuscles  and  pigmenl  derived  from  these,  and  also  any 
particles  of  carbon  which  may  be  present,  pass  into  the  lymphatics  of  the 
alveolar  walls,  and  are  carried  to  the  peribronchial  and   perivascular. 
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Lymphatics,  to  the  lymphatics  in  the  deep  layer  oi  the  pleura,  and  fa 
bronchia]  glands    in  all  oi  which  situations  the  \i  their  pign 

In  addition  t<>  the  thickening  oi  the  walla  oi  the  veins  and  capillai 
there  is  also  an  increase  oi  fibrous  tissue  throughout  the  long.    In  tins 
thickened  fibrous  tissue,  and  also  m  the  alveoli,  the  pigment,  derived 
from  th«'  blood,  is  present  in  the  form  oi  brown  granule*.     [1  is  probable 
that  this  pigment,  by  the  irritation  oi  i1 
any  rate,  pari  oi  the  fibrooa  overgrowth  which  is  so  constantly  found  in 

the  long  in  this  condition. 

The  in  the  bronchial 

wall,  and  especially  those  oi  the 
smaller  bronchi,  where  the* 
an    anastomosis    bei  the 

pulmonary  and  bronchial  cir- 
culation, become  distended.  In 
addition,  there  is  a  thickening 
of  both  the  mucous  and  sub- 
mucous coats  of  the  bronchi, 
leading  to  catarrhal  chai 
even  to  obstruction.  Hemo- 
rrhage may  occur  from  rupture 
of  the  over-distended  vessels  in 
the  bronchial  walls  or  in  the 
lung-alveoli. 

The    sputum,    especially    in 

Bfi  due  to  disease  of  the  mitral 

valve,  consists  of   white  mucus 

with  areas  of  "  iustv  "  colour,  or 

oi  a  uniformly  rusty  mucus.  The 

c«»l(»ur  is  due  in  part  to  blood, 
but  mainly  to  alveolar  epithelial 
cells  loaded  with  golden-yellow 
amorphous      pigment      del 

from  th^  red   bl l-corpua 

(c)  PULMONARY   INFARCTION   frequently   occurs  in   the   Lung  in 

<>i    chronic    wnou  tion.     The    raised,    dark    plum-coloured 

stand  out  prominently  on  the  surface  of  the  lung.  This  subjei 
fully  dealt  with  under  Circulatory  Disturbances  [see  p.  L68),  ami  i 
not  be  further  referred  t<»  1,  tv  that  the  sputum,  in  these 

oi  tenacious  mucus  mixed  with  pure  blood  or  balh 
glairy   mucus  streaked   with   blood.     \i  »pically,  the   red   blood- 

corpuscles  are  very  abundant,  ami  there  arc  few  lew  ther 

cells.     rrhis  characteristic  of  the  spatun  in  a  few  daj 

(<l)  PULMONARY     EMBOLISM     AND     THROMBOSIS.     Pulmi 
emboli  arise  usually  from  vegetations  on  tie-  i  le  of  thu 


Pio.  3  Pulmonarj  Infarct,  Bhewing 

tli,,    wedge-shaped,    hemorrhagic   are 
irardi  the  lower  margin  <«t  tin-  lung,  and 
thromboaii  «>i  the  tiding  branch  "t 

the  pulmonary  art 
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thrombi  in  the  right  auricle  or  ventricle,  or  thrombi  in  the  systemic  veins. 
These  emboli  do  not  necessarily  produce  infarction.  If  they  are  septic, 
softening  of  the  wall  of  the  vessel  may  take  place  and  definite  aneurisms 
be  formed.  This  condition  of  embolic  aneurism  in  the  lung  is  rare — 
only  five  or  six  cases  being  described  in  this  country,  and  three  of  these 
resulted  from  the  detachment  of  vegetations  in  the  valves  and  one  from 
a  thrombus  in  the  veins  of  the  leg. 

Emboli  giving  rise  to  pyeemic  abscesses  are  dealt  with  on  pp.  1 18  and 
696.  The  subject  of  embolism  and  thrombosis  in  the  lung  is  discussed 
in  Chapter  V.,  p.  158. 

(EDEMA  OF  THE  LUNGS  is  very  common  where  there  is  general 
weakness  of  the  heart,  or  where  the  circulation  is  in  any  way  embarrassed. 
Thus,  it  is  practically  always  present  in  debilitating  diseases,  especially 
if  the  patient  is  confined  to  bed,  in  most  forms  of  anaemia,  and  in  cardiac 
disease  where,  from  any  cause,  there  is  venous  engorgement.  In  cases 
of  chronic  Bright 's  disease,  it  occasionally  develops  very  rapidly  from 
some  unknown  cause,  and,  in  these  cases,  the  change  may  be  confined  to 
one  lung,  or  even  to  a  part  of  one  lung,  e.  g.  the  upper  lobe.  This  is  said 
also  to  occur  in  cases  of  art erio -sclerosis  without,  at  any  rate  marked, 
changes  in  the  kidney. 

Though  sometimes,  as  in  Bright's  disease,  occurring  without  hyper- 
emia, the  condition  is  almost  constantly  associated  with  acute  or  chronic 
venous  engorgement.  The  posterior  and  basal  parts  of  the  lungs  are 
usually  most  affected,  gravitation  being  probably  an  important  deter- 
mining factor.  Thus,  if  the  patient  is  going  about,  the  lower  lobes  are 
specially  involved;  whereas,  if  he  is  lying  in  bed,  it  is  in  the  posterior 
parts  that  the  most  intense  degree  of  oedema  is  found.  This  oedema  is 
partly  inflammatory  in  nature  and  due  to  lymph  exuded  from  the 
distended  vessels.  In  cases  in  which  the  congestion  is  a  marked  feature, 
and  where  the  oedema  is  specially  present  at  the  lower  part  of  the  lobe, 
the  term  Hypostatic  Engorgement  or  Hypostatic  Congestion  has  been 
applied  to  the  condition.  The  affected  parts  present,  after  death,  a  dark 
blue  or  purplish-red  colour,  and  the  tissue  is  more  solid  than  normal.  If 
the  lung  is  incised  and  squeezed,  a  frothy  fluid,  usually  mixed  with  blood 
or  blood-pigment,  is  expressed  from  the  cut  surface.  On  microscopical 
examination,  the  capillaries  are  seen  to  be  distended,  and  the  alveoli 
contain  some  granular  material — indicating  the  presence  of  serous  fluid — 
and  perhaps  a  few  blood -corpuscles.  Catarrhal  cells,  in  larger  or  smaller 
numbers,  may  also  be  present. 

The  sputum  may  be  frothy,  colourless  or  blood-stained,  and  very 
watery. 

In  oedema  without  venous  congestion,  the  lungs  are  usually  pale,  and 
a  clear,  pale  yellow,  frothy  fluid  can  be  expressed  in  considerable  quantities 
from  the  cut  surface.  This  condition  is  often  well  Been  in  cases  of 
pernicious  anaemia. 
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COLLAPSE   AND    ATELECTASIS  :— 

The  term  Atelectasis  ha  applied  to  two  distinct  conditions — 

one  in  which  tin'  long  has  never  been  properly  expanded  with  air,  and 
the  other  in  which  the  previously  expanded  lung  ha 

The  lattn  should  be  called  collapse. 
CONGENITAL  ATELECTASIS     01  ATELECTASIS  PROPER     is  found 

in  new-born  infants  where  the  inspiratory  powei  has  been  insuiliei*" 

expand  the  lungBj  and  is,  of  course,  complete  where  death  of  the  foetus 
occurred  in  utero.    Deficiencv  of  inspiratory  force  i  rah  from 

ial  weakness,  from  compression  of  the  thorax,  or  from  interference 

with  the  respiratory  centres  by  cerebral  bjemorrhage;    or  it  ma 

produced  by  obstruction  of  the  air-passages  by  foreign  material. 
iiium  or  mucus. 

The  commonest   situation  in  which  the  condition  is  found  is  in  the 
lower  lol  lally  its  posterior  part,  though  in  many  cases  it  may  be 

more  widely  spread,  and  may  be  seen  in  the  middle  lobe  of  the  right 
lung,  the  edge  of  the  left  lung  where  it  overlaps  the  heart,  or  even  involving 
the  whole  <»f  one  lobe.  The  unexpanded  area  is  usually  dark-reddish 
i  r  1  colour,  very  tough  in  consistence,  quite  airless,  and  depressed  below 
the  level  of  the  surrounding  lung-tissue.  In  its  general  naked-eye  appear- 
tndition  cannot  be  distinguished  from  true  collapse,  but,  on 
microscopical  examination,  the  collapsed  lung  usually  shews,  in  its  alveoli, 
rrhal  cells  and  inflammatory  exudate,  and  frequently,  also,  inflam- 
matory changes  are  present  in  the  bronchi;  whereas,  in  the  unexpanded 
lung,  if  the  child  is  stillborn  or  dies  soon  after  birth,  these  appearances 
are  absent,  and  the  part  can  be  inflated  from  the  communicating  bronchi. 
If  the  patient  lives,  proliferative  changes  take  place  in  the  connective 
tissue,  the  walls  of  adjacent  septa  may  become  adherent  to  one  another, 
and  thus  an  actual  obliteration  of  the  lung  alveoli  may  occur.  Some  of 
the  cicatrix-like  marks  sometimes  seen  in  the  adult  lung  are  supp 
to  result  from  the  atrophy  of  these  unexpanded  areas. 

mdary    dilatation    of    the    bronchi    and    bronchioles    may    occur 
in   consequence   of  atelectasis,  and.   bj  irded  as 

compensatory. 

COLLAPSE.     Collapse    of   the    lung   after   it    ha 
may  occur  in  young  infants,  and  cannot,  without  microscopical  examina- 
tion, I"-  distinguished  from  congenital  ateA  but  the  variety  of 
collapse  to  which  reference  is  now  specially  made  is  that  wind 

■  in  life.     It  may  involve  practically  the  whole  of  the  lung,  or  it  may 
be  partial  in  its  distribution. 

(a)  Collapse  of  the  entire  lung  may  result   from  compression  of  the 
d  from  without  by  pleural  effusions  or  by  large  tumours.    The  lung 

d    backwards    and    inwards    toward  1'     be© 

of  a  Blat  okrar,  and  is  very  tough  and  fleshy  in  If 

the  condition   persists  for  a  .    the  aerating  tissue 
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of  the  lung  takes  place,  accompanied  by  dilatation  of  some  of  the  bronchi, 
especially  the  larger  ones,  and  by  a  fibrous  overgrowth  of  the  connective 
tissue  in  the  deep  layer  of  the  pleura,  the  inter-lobular  septa,  and  the 
peri-vascular  and  peri-bronchial  sheaths.  The  blood-vessels  become 
thrombosed  and  partly  obliterated  by  endarteritis.  The  portion  of  lung 
immediately  adjacent  to  the  root  often  escapes,  even  in  very  extensive 
collapse. 

(b)  Collapse  of  portions  of  the  lungs  is  very  common,  and  may 
be  the  result  of  any  condition  which  tends  to  reduce  the  internal,  or 
increase  the  external,  pressure  on  the  tissue  of  the  lung.  Thus,  all  con- 
ditions which  diminish  the  inspiratory  force  or  obstruct  the  entrance 
of  air  into  the  lungs,  tend  to  produce  collapse ;  and  these  factors  are 
often  aided  by  conditions  which  mechanically  compress  the  lung  and 
force  out  the  air. 

W.  Pasteur  x  and  others  have  described  a  lobar  collapse  due  either  to 
a  complete  paralysis  of  the  inspiratory  muscles — the  intercostals  or  the 
diaphragm — or  to  a  reflex  inhibition  of  the  respiratory  movement  of  the 
diaphragm.  This  latter  condition  is  sometimes  seen  after  abdominal 
operations,  but,  in  these  cases,  there  is,  very  commonly,  a  muco-purulent 
secretion  in  the  bronchi,  and  this  obstruction  may,  of  itself,  or  aided  by 
the  loss  of  muscular  movement,  bring  about  the  collapse.  It  seems  to 
us  somewhat  doubtful  whether  the  reflex  inhibition  of  the  diaphragm, 
which  Pasteur  suggests  is  due  to  irritation  of  the  afferent  nerves  of  the 
peritoneum  during  the  operation,  plays  a  very  important  part  in  this 
condition.  Inflammatory  lesions  in  the  abdomen  or  pleurisy  would 
impair  the  movements  of  the  diaphragm,  and  no  doubt  this  impairment 
would  aid  the  accumulation  of  muco-purulent  secretion  and  favour 
collapse. 

Our  opinion  is  that  these  cases  of  post-operative  collapse  of  the  lower 
lobe  of  the  lung  are,  in  the  majority  of  cases,  due  to  a  purulent  bronchitis 
aided  by  a  relative  immobility  of  the  diaphragm,  and  that  this  immobility 
is  not  usually  brought  about  by  any  nerve-irritation  at  the  operation, 
and  may,  in  fact,  occur  in  abdominal  conditions,  such  as  distension  from 
enlarged  spleen  or  liver,  gaseous  distension  of  the  intestines,  etc. 

Weakening  of  the  thoracic  wall,  e.g.  in  rickets,  deformities  of  the 
chest  such  as  scoliosis,  weakening  of  the  thoracic  muscles  in  certain  forms 
of  paralysis,  or  even  in  cases  of  general  debility,  act  by  diminishing  the 
inspiratory  force;  whilst  distension  of  the  abdominal  cavity  with  fluid, 
tumours,  etc.,  enlargement  of  the  heart  or  effusions  into  the  pericardial 
sac,  tumours  in  the  thorax,  or  even  the  recumbent  position  of  a  weakened 
patient,  will  act  by  impeding  th<>  full  expansion  of  the  lui 

Obstruction  to  the  entrance  of  air  into  the  lungs  may  be  produced 
by  pressure  on  the  bronchi  l>v  aneurisms  or  tumours,  causing  a  diminution, 
or  even  an  obliteration,  of  the  lumen.     This  diminution  or  obliteration 

1  \V.  Pasteur,  Tb>  Lancet,  November  7,  1908,  p.  L351. 
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also  arise  from  the  presence  of  ■  membi  exudate  in  the  larger 

bronchi,  as  in  diphtheria,  or  the  pi  ea,  blood,  or 

bronchial  secretion  iii  the  smaUer  divisions  of  the  bronchia]  tree.    J1 
ring  out  the  air  i  r.    Thus,  in  plan 

with  effusion,  empyema,  hydro*-,  pyo-,  haxno  omo-thorax,  collapse 

of  portions,  and  perhaps  the  the  rami  ial  sequel. 

The  commo]  partial  collapse  are  the  lower  and 

parts  of  the  longs,  tlif  free  edges  at  the  base,  the  middle  lobe  of  the  i 
lung,  and  the  edge  of  tin4  left  long  where  H  overlaps  the  hei 


l"i,,.  ng.     Note  the  folding  and  oompieeaion  of  the  mil  ad  the 

beaded  appearand  e  oi  toe  capillariei  in  their  wall-.    A  teotion  oi  ■  bronehaa,  blocked 
l»v  inflammatory  exudate,  it  seen  at  the  lower  right-hand  ooxnerof  the  fignn 


Morbid  Anatomy.— The  collapsed  areas  are  usually  irregular  in  shape, 
hut  well  defined  in  outline.  They  are  of  a  dark  daty-blue  or  purple  colour, 
are  depressed  below  the  general  surface,  and  their  mai  [>ond 

to  interlobar  septa.  If  the  condition  is  uncomplicated,  the  pleura  over  the 
collapsed  patches  is  glistening,  and  Bhews  no  evidence  of  acute  inflamma- 
tion. On  Bection,  the  h  imooth  and  firm,  dark  brownish-red  in 
colour,  and  often  almoel  airless  and  bloodless.    It  may  sink  in  wi 

of  the  collapse  of  the  intervening  air-tissue,  the  bronchi  and 

blood-ve  huddled  together,  and  thus  appear  more  numerous  than 

normal.     On  microscopical  examination,  the  walls  <>f  the  air-spaces  are 

folded  and  oom]  v  1>«'  in  with  one  another,  their 

ties  being  completely,  or  almosi  completely,  obliterated.    Chronic 
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venous  congestion  and  catarrhal  changes  are  practically  always  found 
associated  with  the  collapse,  and  some  of  the  air-spaces,  lined  by  poly- 
hedral or  rounded  cells  similar  to  those  seen  in  the  foetus,  may  be  seen 
in  a  partially  collapsed  state. 

Lobular  Collapse  is  commonly  associated  with  capillary  bronchitis. 
especially  in  children,  and  is  rapidly  followed  by  acute  congestion,  and. 
later,  by  lobular  pneumonia.  Very  frequently,  around  these  areas  of 
lobular  collapse  there  is  a  zone  of  lobular  emphysema.  On  naked-eye 
examination,  a  roughly  polyhedral  outline,  corresponding  to  the  collfl 
lobules  or  groups  of  lobules,  is  observed. 

EMPHYSEMA  :— 

Two  varieties  of  pulmonary  emphysema  are  described,  one  in  which 
the  air  is  contained  within  the  abnormally  dilated  air- vesicles  (Vesicular 
Emphysema),  the  other  in  which  the  interstitial  tissue  of  the  lung  is  its 
site  (Interstitial  Emphysema). 

VESICULAR  EMPHYSEMA  is  very  common  and  may  be  seen  in  two 
Conns,  the  "small-lunged"  or  atrophous,  and  the  "large-lunged"  or 
so-called  "  hypertrophous." 

In  Atrophous  Emphysema,  the  lungs  are  small  in  size  and  may  not 
overlap  the  pericardium.  They  are  pale  in  colour,  and  may  weigh 
only  eight  or  nine  ounces.  On  section,  the  lung-tissue  is  pale  and  dry. 
and  hardly  any  fluid  can  be  expressed  from  it.  On  microscopical  examina- 
tion, the  vesicles  are  distended,  but  the  main  feature  is  a  thinning  and 
atrophy  of  the  inter-alveolar  septa.  The  condition  is  specially  associated 
with,  and  caused  by,  the  impairment  of  the  nutrition  and  of  the  elasticity 
of  the  lungs  which  occurs  as  a  result  of  old  age,  anaemias  and  wasting 
diseases,  and  chronic  lead-poisoning.  There  is  not  necessarily  any 
element  of  increased  intra -pulmonary  pressure  in  its  causation,  though 
of  course,  this  may  be,  and  often  is,  also  present. 

Distribution  of  the  change. — The  commonest  situations  in  which 
emphysema  in  the  lung  occurs  are  those  which  are  least  supported,  for 
example,  the  anterior  margins  (especially  on  the  left  side,  where  the 
lung  overlaps  the  pericardium),  the  anterior  and  posterior  aspects  of  the 
lower  margins,  the  right  middle  lobe,  and  the  apices. 

"Hypertrophous"  or  "Large-Lunged"  Emphysema.— This  is  always 
produced  by  physical  conditions  which  lead  to  an  increased  relative 
pressure  in  the  air-cavities  and  passages,  ;>-.  for  example,  in  forced  ex- 
piratory efforts  with  the  glottis  closed  or  partially  closed,  or  with  the 
bronchi  partially  obstructed.    Among  the  most  potent  factors  producing 

this    are    the    constant    COUgh    associated    with    chronic    bronchitis 
repeated  attacks  of  spasmodic  asthma.      Early  rigidity  of  the  cheM-wall 
has  also  an  important  causal  relation.     The  emphysema  which  occurs  in 

young  children  is.  by  some  authorities,  regarded  as  hereditary    the  elastic 
tissue  in  the  lung,  according  to  them,   being  very   much  diminished. 
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Nutritive  disturl  which   are   the   main   i  f  the  atrophous 

form,  also  have  some  share  in  the  production  of  the  hyp 

The  distribution  of  the  change  is  similar  to  th  in  the  atrophous 

form. 

Morbid  Anatomy.    The  lung  is  usually  very  voluminous,  th- 
ins meeting  at,  01  even  or  the  middle  line,  and  also  o 
lapping  the  heart  to  an  abnormal  degree,  in  some  com- 
pletely the  "  bare  area  *"  ol  the  pericardium.    At  parte,  laif  nlar, 
thin-walled,  bullous  projections  may  be  seen.    The  tissue  is  extremely 
light,  pale  in  colour  and  almost  bloodless    the  inter-lobular  sepl 


v 


Emphysema  o!  Lung,  shewing  distension  oi  the  air-veeicles, 
with  thinning  and  atrophy  of  the  inter-alveolar  septa. 


often  mapped  out  by  the  presei  nlM-M-i/i-in.-nt.    On  section,  the 

lung  is  dl  and  Bpongy,  and  the  air  can  be  readily  moved  from 

air-space  to  another.    On  microscopical    examination,  the  air-cavities 
are  greatly  distended,  and  their  walls  stretched  and  thinned.    Tartly  on 
.■nit  of  the  stretching,  and  partly  <>v,  u  interf<  ith  their 

cular  supply,  the  in'  alar  Bepta  atrophy  and  give  way,  and 

intercommunication  takes  place  between  the  adjacent  air-f 
interlobular  septa  may  Bhew  thickening.    The  smaller  brai  the 

pulmonary  arteries  may  exhibit  fibrosis,  and  the  larger  branches  atherc 
The  obstruction  to  the  pulmonary  circulation,  due  Lai  the  oblil 

tion  <>f  the  alveolar  capillaries,  causes  dilatation  and  hypertrophy  «»f  the 
right  ventricle  and  dilatation  of  the  pulm<  Then  rally 

associated  chronic  bronchitis,  which,  though  often  the  prinu 
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the  emphysema,  becomes  exaggerated  on  account  of  the  congestion 
produced  in  the  bronchial  walls  by  the  dilatation  of  the  collateral 
anastomosing  vessels.  These,  in  the  attempt  to  compensate  for  the 
obstruction  in  the  emphysematous  parts  of  the  lungs,  establish  increased 
communications  between  the  pulmonary  and  the  bronchial  system  of 
blood-vessels. 

etiology. — As  has  been  already  stated,  one  of  the  main  factors  in 
the  causation  of  emphysema  is  forced  expiratory  effort  with  the  glottis 
closed.  Increased  pressure  is  thus  produced  in  the  air-vesicles  and 
infundibular  passages.  This  leads  to  their  gradual  distension,  to  pressure 
on  their  walls,  and  to  narrowing  or  obliteration  of  the  vessels  in  these 
walls.  Thus,  the  septa  have  their  blood-supply  much  impaired,  and 
consequently  undergo  atrophy,  and  rupture.  In  addition,  however,  to 
this  expiratory  cause,  obstruction  to  the  entrance  of  air  into  one  part 
of  the  lung  leads  to  increased  inspiratory  expanding  force  in  the  neigh- 
bouring parts,  with  consequent  distension  of  the  air-spaces  and  the 
production  of  complementary  emphysema.  This  inspiratory  form  occurs 
especially  round  collapsed  or  consolidated  areas  of  lung-tissue.  It  is 
well  illustrated  in  cases  of  lobular  collapse  in  broncho-pneumonia,  and 
also  in  spasmodic  asthma. 

INTERSTITIAL  EMPHYSEMA.— In  this  somewhat  rare  condition, 
the  air  is  found,  either  in  the  interstitial  tissue  of  the  lung  alone,  or  it 
may,  in  addition,  be  widely  spread  in  the  cellular  tissues  of  the  media- 
stinum, neck,  chest-wall,  or  even  over  almost  the  whole  body.  This  form 
of  emphysema  may  occur  from  rupture  of  the  lung-tissue  during  an 
attack  of  whooping-cough,  or  as  a  result  of  great  exertion,  e.g.  in  the 
course  of  difficult  labour.  Sometimes,  it  results  from  the  rupture  of  an 
emphysematous  bulla,  or  from  a  wound  of  the  lung,  trachea,  or  bronchi. 
Thus,  in  laceration  of  the  lung  by  a  fractured  rib,  a  varying  degree 
of  interstitial  emphysema  generally  results.  The  condition  may  spread 
along  the  root  of  the  lung  to  the  cellular  tissue  of  the  mediastinum,  root 
of  the  neck,  etc. 

Interstitial  emphysema  may  be  simulated  post  mortem  by  the  presence 
of  bubbles  of  gas  found  in  the  tissues  of  the  lungs  as  a  result  of 
decomposition. 

INFLAMMATORY  CONDITIONS  :— 

(a)  ACUTE  CONGESTION  OR  ACTIVE   HYPEREMIA   results   from 

the  action  of  bacterial  and  toxic  irritants,  and  may  be  merely  pari 
of  a  general   infection.     In    i  t    lobar   pneumonia,   there   is   a    pre- 

liminary stage  of  acute  congestion,  and  this  congestion  may  also  occur 

in  other  toxic  and  sept  ica-mic  conditions,  as.  for  example,  in  the  acute 

infective  fevers,  etc..  without  necessarily  being  followed,  as  in  the 

of  pneumonia,  by  consolidation.  It  is  characterised  by  dilatation  and 
engorgement  of  the  alveolar  capillaries,  the  walls  of  which,  however,  are 
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not  thickened,  as  tl.  n  chronic  \  Fhe  alveolar 

ces  may  be  empty,  or  i  in  varying  proportions,  blood, 

transuded  Lymph,  oi  fibrin  derived  from  these,  and  perhaps  a  few  inflam- 
matory cells. 

(b)  ACUTE    LOBAR    PNEUMONIA    (CROUPOUS    OR    FIBRINOUS 
PNEUMONIA)  is  an  acute  infective  disease,  which 
as  a  septicaemia,  in  which,  for  Borne  unknown  reason,  the  special  local 
>n  is  in  the  lung.    Though  it  is  true  thai  the  invasion  of  the  lung 
•,\    possible   local  manifestations  of  pneun 

infection,  and  that   the  /  u   may  produce  :nia   Without 

any  true   pneumonia  and  that,  in   oases  oi   pneumonia,  the  I  DQ   is 

found,  by  cultural  methods,  to  l»e  present   m  varying  numbers  in  the 
blood-stream,  yet,  the  localisation  of  thedise  [uent  in  the  lung 

that  most  authors  regard  the  lung  as  the  primary  seat  of  infection. 

etiology. — The  main  causal  factor  of  this  disease  is  the   DijtloO 

or  Strepb  micB  (Pneumocoa  Frankel).    This  organism 

>Und  in  enormous  numbers  in  the  sputum  and  in  the  1  d  is 

also  present  in  the  circulating  blood.     In  a  certain  proportion  (less  than 

five  per  cent .)  of  cases,  I  he  />.  pru  ndbacittus  of  Friedlai 

appears  to  be  the  cause.     Other  micro-organisms,  Staphylococci,  St/> 

B.   <itfluenzo3,   B.  ])estis,  etc.,  seem  capable  of  causing  a  very 
similar    condition — cither    by    themselves,    or    in    association    with   the 
i  VCCUS — though  they  more  commonly  _ular  patches 

of  consolidation,  which,  however,  may  coalesce  and  produce  an  app 
simulating   acute   lobar  pneumonia.     In   various  epidemics  of  infectious 
pneumonia  presenting  both  the  lobar  and  the  lobular  type,  Stfi 
and  B.  influenza  have,  been  tie'  main  organisms  found,  and  have  I 

causal.     There  is  also  evidence  that  certain  very  acute  and 
fata!  without    much  consolidation,  have    1  ociated  with  so- 

called    lymphatism,    and    in    these,    Pneumococci    have    been    found   in 
numbers.     Recent  woi  i  show  that  the  type  of 

in  different  I  Qd  that  the  pathological  ohai 

the  mortality,  and  the  infective  nature  of  t  he  di»  \tent 

dependent  on  the  t ,  ism  con< 

.nil  predisposing  factors,  Buch  e  "Id.  fan. 

have  been  !■  i  linicians  as  aiding  in  the  production  of 

pneumonia.    These  cannot    be  overlooked,  and  must  irded  as 

importai  ta  in  preparing  the  Boil  fox  the  growth  and  development 

of  the  causal  organism    the  Pm  aparatively  non- 

virulent  form,  a  common  inhabitant  of  the  mouth  and  throat. 

Site  of  Origin  and  Mode  of  Spread.   -There  Beems  little  doubt  that 
acute  lobar  pneumonia  comment  orally  near  the  root  of  the  lung, 

and  spreads,  with  a  sharply  defined  margin,  especially  outwards  and 

downwards  in   the   lower  lobe,  or  <i  awards  to  the   middle   lobe 

on  the  right  nde.    There  is  a  I  for  the  disease  to  involve  the 
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whole  or  the  greater  part  of  one  lobe,  hence  the  term  lobar  pneumonia 
applied  to  it,  or  the  condition  may  spread  more  widely  and  involve  almost 
the  whole  lung.  It  is  not  common  to  find  two  separate  areas  in  the  same 
lung  affected,  but  both  lungs  may  be  involved,  the  latter  condition 
being  known  as  "  double  pneumonia." 

Pathological  Anatomy. — Typical  cases  pass  through  several  distinct 
stages. 

(i)  The  stage  of  Acute  Congestion. — Reference  has  already  been 
made  to  this.  The  afTected  area  shews  the  ordinary  phenomena  of  the 
early  stages  of  acute  inflammation,  i.  e.  distension  of  the  capillaries  and 
venules,  and  exudation  of  lymph — the  lymph  in  this  instance  passing 


Fig.  307. — Acute  Congestion  of  Lung,  shewing  dilatation  of  vessels  in 
the  alveolar  walls  and  oedema  in  air-spaces.      x200. 

into  the  air-spaces,  rendering  the  lung  more  or  less  solid,  and  producing 
a  condition  of  imflammatory  oedema.  The  epithelium  lining  the  alveoli 
may  shew  swelling,  or  even  proliferative  changes,  and  a  few  leucocytes 
may  have  migrated  from  the  distended  vessels.  Haemorrhage  into  the 
alveoli  may  also  occur  during  this  stage. 

(ii)  The  stage  of  Red  Hepatisation. — This  is  merely  a  further  stag 
the  acute  inflammatory  process.  The  distension  of  the  vessels  is  very 
marked,  the  exudation  of  lymph  persists,  and.  in  addition.  the  emigra- 
tion of  the  leucocytes  has  become  pronounced.  These  leucocytes,  which 
are  mainly  of  the  polymorphonuclear  variety,  pass  in  great  numbers 
into  the  alveolar  spaces,  and,  by  their  destruction,  bring  about  tin4  pro- 
duction of  fibrin  in  the  exuded  lymph.  Thus,  the  air-spaces  be 
filled  with  fibrin  and  leucocytes,  the  air  is  driven  out.  and  the  lung  becomes 
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consolidated  and  expanded— ih<  ilidated   lobe   being  often  much 

increased  in  size.    The  epithelial  cells  lining  the  icea  undergo  pro- 

liferation, and  are  found  in  the  exudate  as  mononucleated  phagocytic  cells. 
Naked-eye  Appearance.    The  affected  lung,  or  pari  of  it,  is  airleaf 

solid,  and.  <>n  the  serous  surface  of  this  area,  there  may  he  an  a 

acute  pleurisy,  shewing  itself  either  .  molar-looking,  sticky 

exudate  or.  more  typically,  as  a  thick,  yellowish-white,  soft   and  friable 
iibrino-purulent    layer,   which   can   he   easily   stripped   from  the  >ur 
On  section,  the  consolidated   area   has  a   bright  -reddish  or  redd 

granite-like  appearance,  is  very  friable,  more  or  Leas  smooth  and  uniform. 
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Fig.  308.-  -Acute  Pneumonia,  in  the  stage  of  red  hepatie&tiotL    The 
air  ntain  fibrin  and  leucocytes.        800. 


and  stands  above  the  general  level  of  the  non-consolidated  tissue.  The 
consolidation  in  lobar  pneumonia  produces  an  appearance  resembling 
that  of  a  solid  organ  such  as  the  liver,  hence  the  term  "  hepatisation  " 
applied  to  it. 

On  microscopical  examination,  the  appearances  vary  considerably. 
The  air-cells  are    filled  with  fibrin.  Leucocytes,   red    blood-oorpua 
and  mononucleated   phagocytic   cells,  in  varying   proportions,  and  the 
walls  of  the  alveoli  are  «  1.     The  causal  organisms  may  be  found 

in  enormous  numbers  in  the  exudate.  The  fibrous  septa  of  the  lung 
may  be  somewhat  swollen  and  iniilt rated  with  leucocytes;  there  is  always 
an  associated  acute  bronchitis  ;    and  the  bronchial  glands  lien, 

soft,  congested,  and  sometimes  oedematous.    The  microscopical  chai 
in  the  pleura  are  described  under  Diseases  of  the  Pleura,  p.  725. 
under  Inflammation,  Chapter  XI.) 
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Results. — The  condition  may  now,  in  favourable  conditions,  pass  to 
the  stage  of  resolution,  to  be  described  later,  or,  under  less  favourable 
circumstances,  to  the  stage  of  grey  hepatisation. 

(iii)  The  stage  of  Grey  Hepatisation. — In  this  stage,  the  lung  remains 
solid,  the  congestion  begins  to  pass  off,  and  the  cellular  exudate  tends  to 
undergo  degenerative  changes.  Thus,  the  lung  is  paler  in  colour,  somewhat 
resembling  grey  granite,  and,  on  section,  appears  finely  granular  owing  to 
the  exudate  becoming  loosened  and  lying  more  or  less  free  in  the  air- 
cavities.  The  tissue  is  very  friable,  and  a  sticky  semi-purulent  fluid 
containing  fine  granules  of  fibrin  may,  on  squeezing  the  lung,  exude  from 


Fig.  309. — Acute  Pneumonia,  in  the  stage  of  grey  hepatisation.     The  contents  of  the 
air-spaces  are  seen  retracted  from  the  alveolar  walls.      x200. 

the  cut  surface.  On  microscopical  examination,  the  contents  of  the 
air-spaces  are  seen  to  be  retracted  from  the  walls,  the  cells  and  fibrin  are 
still  present,  the  polymorphonuclear  cells  are  in  greater  numbers,  and  many 
of  them  exhibit  karyolysis,  karyorrhexis,  and  other  degenerative  changes. 
The  mononucleated  phagocytic  cells,  especially  in  the  less  serious  cases, 
are  increased  in  numbers  at  this  stage.  The  congestion  of  the  vessels 
in  the  inter-alveolar  walls  is  much  less  marked,  and  may  have  completely 
passed  off.  Bronchitis  is  commonly  seen  in  the  smaller  bronchi,  whilst 
the  exudate  on  the  pleural  surface  may  have  become  partially  organised. 
(iv)  Further  changes  which  may  occur  in  the  consolidated  lung  : 
I,  Under  favourable  conditions,  the  disease  is  arrested,  and  absorption 
of  the  inflammatory  products  takes  place.  This  stage  of  resolution  may 
follow  those  of  acute  congestion  or  red  hepatisation,  but  it  probably 
takes  place  much  more  rarelv,  if  any  marked  degree  of  grey  hepatisation 
44 
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has   occurred.    During    resolution,   the    fibrin  and  othei 

the  air-6pacefl  become  retracted  and  mi  I;   but,  i 

commonly,  they  undergo  absorption  by  the  aid  <»f  tli«*  mononucki 

and    other   p  tie    cells.     In    w  lly    in   children, 

resolution  is  carried  out  almost  wholly  by  the  pn  absorption,  little 

or  none  of  the  exudate  being  expectorated  as  sputum.  The  cells  lining 
the  alveoli  and  the  bronchioles  proliferate  and  repair  the  damaged  portion-. 
Eventually,  the  lung  may  be  completely  restored  ormal  condition. 

II.  In  less  favourable  circumstances,  the  resolution  may  be  incomplete, 
or  complications  of  various  kinds  may  arise.    Thus — 

(1)  Areas  of  softening  and  of  suppuration  may  appear,  gi  ■ 
localised   abscess-formation  ;    or   a  more   diffuse   suppurative  condition 
throughout  the  pneumonic  area  may  supervene.     This  is  not  common, 
but  may  occur  especially  in  cases  of  diabetes  mellitus  and  in  chronic 
alcoholism. 

(2)  Gangrene  of  the  lung  may  result  from  the  additional  action  of 
organisms  causing  putrefactive  changes,  and  this  condition  is  specially 
seen  in  cases  of  pneumonia  occurring  in  patients  who  are  suffering  1 
diabetes  mellitus  or  chronic  alcoholism. 

(3)  Chronic   interstitial   pneumonia   may   be   a  sequel   of   imperf 
resolution,  and,  associated  with  the  resulting  overgrowth  of  fibrou>  t  issue, 
atrophy  of  the  aerating  tissue  of  the  lung  occurs.     The  contraction  of 
the  newly  formed  tissue  may  exercise  traction  upon  the  bronchi  and  _ 
rise    to    dilatation    of     these — bronchiectasis.     In    certain    rare    ca 
organisation  of  the  intra-alveolar  exudate   may  occur,   capillaries    and 
fibroblasts   passing  in   from  the   walls. 

(4)  Rarely  is  there  any  considerable  serous  exudation  into  the  pleural 
cavity,  but  the  fibrinous  exudate  may  soften  and  become  purulent. 
giving  rise  to  empyema.  Such  an  empyema  may  be  general,  or 
localised  by  adhesions,  e.g.  between  the  lobes,  or  on  the  diaphragmatic, 
or  on  the  outer,  surface.  As  resolution  proceeds,  the  pleural  exudate 
undergoes  organisation,  and  thus  adhesions  are  formed  between  the 
visceral  and  the  parietal  pleura,  and  between  the  adjacent  lobes.  Tl 
adhesions  may  be  very  extensive,  and  the  whole  pleural  cavity 
obliterated. 

(5)  Pneumonia    being   an   acute   infective   septicemic   d  the 

pneumoCOCCi  become  lodged  in  situations  other  than  the  lung, 
and  thus  complications,  such  as  pericarditis,  endocarditis,  meningitis, 
peritonitis,  arthritis,  etc.,  may  ari 

(G)  Pericarditis  may  arise  also  by  direct  spread  from  the  lung,  and  a 
certain  d  I  mediastinitis  is  common. 

The  toxins  act  on  the  van.  which  may  shew  the  changes — 

for  example,  cloudy  swelling,  tatty  d  ;ion,  etc. — generally  seen  in 

acute  febrile  diseases.  A  marked  inflammatory,  polymorphonuclear,  or 
neutrophil    leucocytosis   is    produced    in    the    blood,   as    ■    result     ol 
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a  leucoblastic  reaction  in  the  bone-marrow.  In  some  cases,  especially 
in  chronic  alcoholic  patients,  this  reaction  may  not  occur,  the  condition — 
a  very  grave  and  usually  fatal  one — being  known  as  pneumonia  with 
leucopenia. 

The  sputum  in  acute  pneumonia  is  mucoid  and  abundant,  and,  very 
early  in  the  disease,  is  blood-stained.  It  then  becomes  rusty-looking 
and  very  tenacious,  and,  in  this  stage,  is  characteristic.  The  colour  is  due 
to  altered  haemoglobin.  If  there  is  much  catarrh  of  the  larger  bronchi, 
mucopurulent  masses  are  more  or  less  abundant.  Frequently,  streaks 
of  blood  are  seen,  and  sometimes  the  sputum  consists  of  almost  pure  blood. 
Microscopically,  various  cells  are  found — polymorphonuclear  leucocytes, 
epi-  and  endo-thelial  cells,  lymphocytes,  etc.  At  the  crisis,  the  sputum 
loses  its  rusty  colour  and  becomes  muco-purulent,  and,  later,  consists 
mainly  of  whitish  mucus. 

A  greenish  sputum,  in  the  absence  of  jaundice,  is  often  an  indication 
of  suppurative  changes  or  of  tuberculous  infection.  Where  necrosis  or 
gangrene  follows  on  pneumonia,  the  sputum  becomes  more  fluid  and 
assumes  a  prune  juice  or  chocolate  colour,  and  the  odour  is  generally  foetid. 

Branching  fibrinous  casts  are  often  found. 

(c)  ACUTE  BRONCHO-PNEUMONIA  (CATARRHAL  or  LOBULAR 
PNEUMONIA). — This  condition  practically  always  commences  as  an 
inflammation  in  the  smaller  intra-lobular  branches  of  the  bronchi.  The 
walls  of  these  become  congested,  and  this  congestion  spreads  to  the  walls 
of  the  neighbouring  air-cavities,  into  which  haemorrhage  and  some  fibrinous 
exudation  may  occur.  The  affected  bronchus  or  bronchiole  becomes 
blocked  with  exudate  and  secretion,  and,  as  a  sequel,  the  portion  of  lung- 
tissue  supplied  by  that  bronchus  or  bronchiole  undergoes  collapse.  The  in- 
flammatory process  spreads,  not  only  to  the  adjoining  air-vesicles  through 
the  thin  walls  of  the  bronchus,  but  also  along  its  interior  to  the  collapsed 
area,  which  becomes  the  site  of  congestion,  leucocyte-accumulation, 
fibrin-exudation,  etc.  In  this  manner,  irregular  consolidated  areas  of 
broncho-pneumonia  are  formed.  Some  of  the  neighbouring  air-cavities 
undergo  acute  distension,  as  they  receive  more  than  their  due  share  of 
the  inspiratory  distending  force ;  and  this  distension,  together  probably 
with  some  direct  weakening  of  the  walls  by  inflammatory  changes,  leads 
to  the  characteristic  areas  of  acutely  produced  emphysema  which  are  seen 
around  a  broncho-pneumonic  focus  with  collapse. 

Causes  of  broncho-pneumonia.-  In  a  large  proportion  of  cases,  the 
capillary  bronchitis  is  produced  by,  or  arises  as  a  complication  of,  one  of 
the  acute  infective  fevers,  such  as  measles,  whooping-cough,  diphtheria, 
influenza,  smallpox,  or  typhoid  and  typhus  fevers;  and  it  is  especially 
common  in  children.  It  may  likewise  result  from  the  inhalation  of  irritant 
vapours  or  gases,  and  is  a  frequent  complication  in  poisoning  by  chlorine, 
phosgene,  or  "  mustard-gas."    (See  pp.  675-6.)    The  lodgment  of  irritant 
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particles  oi  food,  >•■■  to  broncho-pneumonia; 

but  it  will  be  more  convenient  to  dei  >rm  separately  under  the 

term    'Septic*'    Broncho-Pneumonia  {see    p.  095).    Sometimes,    acute 

inflammatory  changes  in  the  lymph  ind  a  bronchus,  as  is  seen  in 

glanders  and  in  influenza,  n  tad    and    involve    the  adjacent   hffig- 

tissue,  and  thus  produo  bo-pneomonia. 

The  sputum  is  usually  muco-puruknt,  with  portions  of  a 
ance,  and  sometimes  streaked  with  blood.    3 

similar  to  that  found  in  the  sputum  of  lobar  pneumonia. 

On   bacteriological   examination,   Pneumocoo  i    and   Streptococci   are 
found  in  the   great   majority  of   these  cases.    Otln-r  organisms   i 
occur  either  alone  or  in  addition  to  these — for  example,  Staph  yloc-- 
B.  influenzae,  B.  typhosus,  B.  pestis,  etc. 

Naked-eye   Characters.— These   vary   in   different  cases.    The  solid, 
airless  nodules  may  be  widely  spread  throughout  the  lung-tissue,  or  I 
may   be    more    localised  to   certain    parts   of   the    organ.     They    i 
become  confluent  and  thus  involve  large  areas  of   lung-tissue.     R 
lobular — i.e.  corresponding  to  lobules  or  groups  of  lobules — in  their 
distribution,  they  are  more  or  less  polygonal  in  shape ;  and  are  of  a  slat  v- 
blue  or  reddish  colour.     On  section,  there  is  usually  a  darker-reddish 
central  part,  corresponding  to  the  area  of  congestion  round  the  bronchiole ; 
<  >r  t  he  centre  may  become  pale  and  greyish  on  account  of  the  accumulat  ion 
in  it  of  emigrated  and  degenerating  cells.     On  compressing  the  lung, 
little   points   of    yellowish-white  muco-pus  exude    from    the    smaller 
bronchi,  some  of  which  shew  acute  dilatation  of  their  lumen.    The  areas 
of  consolidation  may  be  slightly  raised  above  the  general  surface  of  the 
lung,  and  are  commonly  surrounded  by  a  zone  of  acute  emphys. 
When  the  broncho-pneumonic  areas  are  numerous,  they  tend  to  < 
the  intervening  lung-tissue  becomes  Cddematous  and  congested,  and  the 
appearance  produced  comes  to  resemble  that  of  acute  lobar  pneumonia. 
Such  "  pseudo-lobar "  spread  is  specially  common  in  influenzal  ca 
Usually,  however,  the  section  has  a  somewhat  marbled  appearanoe,  from 
the  patches  being  scattered  and  at  different  «»f  the  inflammatory 

Microscopical  Appearances. — In  the  area-  oi  Latum,  tl 

sponding  intra-lobulai  bronchus  Bhews  very  definite  catarrhal  ohai 

and  frequently  marked  dilatation.     The  vessels  in  its  Wall  ited, 

the  lumen  is  filled  with  exudate  containing  desquamated  epithelium. 
leuooi  mucoid  Beoretion,  granular  deb  The  neighbouring 

air-vesicles  b  I,  the  caviti  >wded  with  eel! 

various  kinds,  those   i.-xt    the   bronchi   usually  COnfc  in  addition, 

fibrin.    The  cells  in  the  alveoli  may  be             I  as  follows: — 

(1)  Red  blood-corpuscles.  — T  ry  numerous  in  the  mors 
intense  hsBmorrhagic  foi  >e. 

(2)  Large  mononucleated  cells. 


V 


Fig.  310. — Lung.    Shewing  large  areas  (pale)  of  broncho-pneumonia,  from  a  case 
of  bubonic  and  pneumonic  plague. 


Fig.  311. — Lung.  Shewing  the  M  infarct-like  "  areas  of  bronchopneumonia,  from  a  case 
of  bubonic  and  pneumonio  plague.  (Semi-diagrammatic  drawing  from  a  fresh 
specimen.) 
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from  the  blood,  but  others  are  the  proliferated  and  desquamated  oel 
the  lining  endothelium  of  the  alveoli. 

(3)  Polymorphonuclear  leucocytes. — These  vary  in  number,  the 
variation  being  dependent  on  the  nature  and  intensity  of  the  irri' 
and  on  the  duration  of  its  application.  Thus,  infection  with  Pnexnncx< 
Streptococci,  or  Staphylococci  will  call  forth  large  numbers  of  the  poly- 
morphonuclear variety  of  cells;  whilst,  in  the  case  of  B.  typhosus,  the 
mononucleated  cells  will  be  more  abundant.  At  the  early  stages  of  the 
inflammatory  process,  in  uncomplicated  cases,  the  polymorphonuclear 
variety  is  more  abundant  than  in  the  later  stages.  In  very  serious,  and 
especially  in  fatal,  cases,  the  increase  in  the  polymorphonuclear  leuca 


Fn;.  '.\\'1.-—Luikj.  Shewing  an  area  of  broncho-pneumonia.  The  lumen  of  the  bronchiole 
is  filled  with  inflammatory  exudate,  and  there  is  consolidation  of  the  surrounding 
air-s]  75. 

is   maintained   throughout,   and   actual  suppuration   may   result.    The 
causal  organisms  can  usually  be  demonstrated  with  suitable  stains. 

(4)  Columnar  and  ciliated  cells  inhaled  from  the  bronchioles  may 
sometimes  be  present. 

(5)  Occasionally,  foreign  vegetable  or  other  cells,  derived  from  the 
inhalation  of  particles  of  food,  are  found  in  the  small  bronchi.     Tl 
may,  in  some  cases,  be  the  exciting  cause  of  the  broncho-pneumonia,  but, 
more  commonly,  they  are  the  result  of  inspiratory  efforts  in  the  last 

is  of  life. 
Associated  with  the  consolidation  an  A  collapse  and  of  emphys- 

ema, exhibiting  the  usual  microscopical  appearances  of  these  conditions. 
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The  intervening  lung-tissue  may  shew  intense  congestion  and  oedema, 
the  inter-lobular  septa  be  swollen  and  cedematous,  and  evidence  of 
acute  pleurisy  be  seen  over  the  nodules  immediately  subjacent  to  the 
surface  of  the  lung. 

Subsequent  Changes. — The  inflammatory  products  may  be  absorbed  or 
expectorated,  and  the  lung  may  return  to  its  normal  condition.  In  some 
cases,  however,  the  collapsed  portions  remain  uninnated,  and  shrinking 
and  deformity  of  the  lung-tissue  result.  Or  again,  the  catarrhal 
condition  sometimes  becomes  chronic,  and  an  interstitial  pneumonia 
may  develop — the  new  tissue  encroaching  upon,  and  obliterating,  the 
alveoli.  Thickening  of  the  tissues  round  the  minute  bronchi  and  dilata- 
tion of  the  latter  are  not  uncommon,  especially  in  children;  and,  in  the 
affected  area  of  lung,  numerous  bronchiectatic  cavities,  resulting  from  the 
dilatation,  and  usually  comparatively  small  in  size,  are  frequently  seen. 
Thickening  of  the  inter-lobular  septa  also  occurs.  The  areas  may  be- 
come infected  with  B.  tuberculosis,  and,  in  such  cases,  certain  characteristic 
changes  are  observed,  which  will  be  discussed  under  tuberculous  broncho- 
pneumonia. Suppuration  and  gangrene  may  result,  and  these  depend,  to  a 
certain  extent,  on  the  character  and  virulence  of  the  causal  organism. 
Thus,  in  cases  caused  by  the  Staphylococci,  suppuration  is  commoner 
than  in  those  which  arise  from  infection  with  the  Pneumococcus .  More 
frequently,  however,  the  suppuration  is  due  to  a  mixed  infection.  A 
more  or  less  widely-diffused  purulent  infiltration  may  occur  in  strepto- 
coccal cases. 

(d)  "  SEPTIC  "  BRONCHO-PNEUMONIA.— This  term,  though  not 
a  very  satisfactory  one,  is  applied  to  a  form  of  broncho-pneumonia  which, 
in  its  histological  features,  resembles  the  form  of  lobular  pneumonia  above 
described,  but  which  shews  a  marked  tendency  to  the  occurrence  of 
suppuration.  It  is  generally  due  to  the  inhalation  into  the  finer  bronchi 
of  foreign,  and,  especially,  of  decomposing,  material.  It  occurs  as  vagus- 
pneumonia,  where — owing  to  interference  with  the  vagus  or  the  recurrent 
laryngeal  nerve,  and  consequent  paralysis  of  the  muscles  which  close 
the  glottis — food  gains  entrance  into  the  bronchi :  as  aspiration-pneu- 
monia, where  secretions  from  the  mouth  or  the  larger  air-passages  are 
drawn  into  the  finer  bronchi :  or  as  retention-pneumonia,  where,  from 
pressure  upon,  or  obstruction  of,  a  bronchus  by  an  aneurism  or  a  tumour, 
by  syphilitic  stenosis,  or  by  inhalation  of  a  foreign  body,  e.  g.  a  tooth  which 
has  been  inhaled  during  extraction  under  an  anaesthetic,  the  Becretion 
is  retained  in  the  bronchial  passages.  The  food  or  other  foreign  body,  01 
the  retained  secretion,  sets  up  irritative  changes  in  the  bronchi,  which 
render  them  more  liable  to  invasion  by  bacteria.  Catarrh  and  ulcera- 
tion, and  subsequently — from  a  spread  of  the  inflammatory  process 
the  neighbouring  lung-tissue — consolidated  areas  of  broncho-pneumonia, 
are  produced.    Minute  points  of  pus,  which  look  like  multiple  absce 
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are  seen  in  these  area- ;  and,  on  careful  examination,  these  are  found  to 
be  dilated  and  ulcerated  bronchi,  filled  with  purulent  secretion.  More 
extensive  abscess-formation  frequently  occurs,  and  the  abscesses,  if  on 
the  surface,  may  lead  to  the  production  of  pleu  i   may  bunt  into 

the  pleura  and  give  rise  to  empyema.  In  these  cases  of  aspiration- 
pneumonia,  a  very  considerable  overgrowth  of  fibre  le,  producing 
B  condition  of  chronic  interstitial  pneumoi.              "times  supervenes. 

(e)  ABSCESS  OF  THE  LUNG.— As  already  stated,  the 
areas  of  Beptie  broncho-pneumonia  may  become  softened  and  purulent, 

but  abscess-formation  is  in  most  cases  a  manifestation  of  pyaemic 
infection,  though  it  may  occur  round  a  foreign  body.  It  Bometimefl 
occurs  in  puerperal  septicaemia,  suppurative  periostitis,  osteomyelitis, 
middle-ear  disease  with  thrombosis  of  the  lateral  sinus,  etc.  The  m 
organisms  are  carried  to  the  lung  directly  in  the  blood,  or  by  means  of 
emboli  from  a  preliminary  malignant  endocarditis  of  the  pulmonary  or 
tricuspid  valves.  Embolism  and  thrombosis  of  small  branches  of  the 
pulmonary  artery  follow,  and  irregular  areas,  which,  at  first,  correspond 
with  hemorrhagic  infarcts,  are  produced.  These  soon  become  greyish 
or  yellowish  in  colour,  soften,  and  break  down  into  irregular  suppura- 
tive cavities.  The  tissue  round  the  abscess  is  intensely  congested  and 
cedematous,  and  is  often  also  haemorrhagic.  Microscopically,  the 
condition  is  seen  to  be  a  haemorrhagic  catarrhal  pneumonia  in  which  sup- 
puration supervenes.  The  abscesses  are  usually  multiple,  vary  con- 
siderably in  size,  from  very  minute  points  of  suppuration  to  large  abscesses, 
and  the  pleura  over  them  may  shew  acute  inflammatory  changes.  Rup- 
ture into  the  pleural  sacs,  giving  rise  to  empyema,  or  more  commonly 
to  a  pyo-pneuinothorax,  may  take  place,  or  the  abscess-cavity  may  burst 
into  the  bronchi.  Greenish-jellow  pus,  often  in  considerable  amount, 
and  containing  fragments  of  lung-tissue,  is  a  constituent  of  the  sputum 
in  such  cases. 

GANGRENE   OF  THE  LUNG  :— 

This  condition  always  results  from  the  action  of  putrefactive  organisms 
upon  damaged  or  dead  lung-tissue,    it  may  be  due  to  the  direct  extol 
into  the  lung  of  necrotic  and  ulcerating  areas  in  the  oesophagus,  in  the 

Btomach,  or  in  the  bones  of  the  chest-wall:  to  putrefactive  material 
inhaled  from  ulcerative  and  necrotic  processes  In  the  upper  air-passa_ 

or  to  putrefactive  changes  in  the  secretion  which  accumulates  in  the 
bronchi..  I  ruction  by  the  pressure  of  tumours  or  aneuru 

In  other  instances,  it   seems  certain  that   the  infective  material 

the  affected  area  by  the  blood;    but  probably,  in  these  ii  the 

organisms  introduced  are  causal  of  this  condition  simply  because  they 
have  tissues,  already  damaged  and  devitalised,  on  which  to  act.  The 
gangrene  which  sometimes  follows  pneumonia  seems  to  be  due  to  the 
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Pneumococcus — alone,  or  in  conjunction  with  other  organisms  of  secondary 
infection — acting  on  specially  damaged  tissues. 

There  are  also  certain  predisposing  factors.  Thus,  in  diabetes  mellitus 
and  in  chronic  alcoholism,  pneumonia  not  uncommonly  terminates  in 
gangrene. 

Morbid  Anatomy. — The  gangrenous  area  is  soft  and  putty-like,  and 
usually  has  a  very  foul  odour.  It  may  be  dark  reddish  or  greenish,  or 
almost  black  in  colour.  The  surrounding  tissue  is  intensely  congested, 
it  may  be  consolidated,  and  is  often  extremely  cedematous.  The  con- 
dition may  be  localised,  or  it  may  be  widely  spread.  Communications 
with  the  bronchi  are  common,  and  the  expectoration  is  profuse,  muco- 
purulent, of  a  yellowish  or  brownish  colour,  generally  intensely  foetid, 
and  may  contain  shreds  of  necrotic  lung-tissue,  alveolar  epithelium, 
often  with  included  pigment,  fatty-acid  crystals,  and  fat-droplets. 
Masses  of  various  kinds  of  bacteria,  including  leptothrix  filaments,  are 
found.  In  some  cases,  where  death  does  not  occur,  the  whole  of  the 
gangrenous  contents  are  discharged  through  the  bronchi,  and  the 
cavity  may  become  gradually  filled  by  granulation -tissue.  Thus,  repair 
is  effected,  and,  at  a  later  period,  an  irregular  scar  is  the  only  sign 
of  the  original  gangrenous  area. 

HYPOSTATIC  PNEUMONIA  :— 

Reference  has  already  been  made  to  the  condition  of  hypostatic 
congestion  and  oedema  of  the  dependent  parts  of  the  lungs  (see 
p.  679).  These  conditions  may  pass  to  the  stage  of  consolidation.  A 
subacute  form  of  inflammation  of  the  terminal  bronchioles  and  air- 
vesicles  is  set  up,  and,  in  this  way,  the  cavities  become  filled  with 
catarrhal  cells  and  with  fibrin  and  leucocytes. 

INTERSTITIAL  PNEUMONIA  :— 

Interstitial  Pneumonia  is  generally  a  subacute  or  chronic  condition 
which  results  from  continued  irritation,  and  may  involve  larger  or  smaller 
areas  of  lung-tissue.  It  is,  however,  sometimes  acute,  as  in  some  cases 
of  influenza,  and  it  then  resembles  the  "  pleuro-pneumonia  "  of  cattle. 

The  condition,  in  its  subacute  and  chronic  manifestations,  is  char- 
acterised by  an  overgrowth  of  the  connective-tissue  framework  of  the 
lung,  and  this  may  give  rise  to  secondary  changes  in  the  bronchi,  lung- 
tissue,  vessels,  etc. 

Classification.— Of  these  subacute  and  chronic  forms,  several  varieties, 
the  special  characters  of  which  are  largely  dependent  upon  the  different 
causal  factors  at  work,  have  been  described.    The  most  important  are — 

(1)  Those  resulting  from  the  inhalation  of  dust  or  other  foreign  particles 
(the  Pneumonokonioses).  The  most  familial  examples  are  the  conditions 
produced  by  the  irritation  of  coal-  or  stone-particles,  in  coal-miners, 
stone-cutters,  and  grinders. 
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(2)  Those  which  follow  acute  or  subacute  conditions  of  the  lung  or 
pleura,  as,  for  example,  imperfectly  resolved  acute  lobar  ox  lobular 
pneumonia,  collapse,  irritation  ol  a  body,  vagus-  and  retention- 
pneumonia,  pleurisy,  etc. 

(3)  Those  which  are  the  result  of  the  action  of  bacterial  and  other 
organismal  poisons.  Of  these,  the  mosi  important  arc  the  interstitial 
pneumonias  of  fcubercul  philis,  lep  landers,  and  influenza. 

Microscopical  Anatomy.  The  different  varieties  of  interstitial  pneu- 
monia present  certain  common  feat  ures.  The  connective-tissue  overgrowth 
always  commences  in  positions  in  which  the  original  connective  tissue 


Fig.  313.— Lung.     Interstitial  ftieumonia,  shewing  great  incieaM  in  dense  tibrous  tianey 
u&d  also  tho  "pseudo-glandular"  character  assumed  by  the  alvooli.     x50. 

is  most  abundant,  and  gradually  invades  the  lung,  encroaching  upon, 
altering,  and  obliterating  the  aerating  tissue.  During  the  progress  of 
this  invasion,  the  endothelium  lining  the  alveoli  becomes  altered  in 
character.     The  cells  are  more  cubical  or  spheroidal,  and  simulate  tl 

<»i  gland-1  issue  or  oi  I  he  embryonic  lung.   The  walls  of  the  alveoli  come  in 

contact,  and.  gradually,  obliteration  takes  place.  This  alteration  of  the 
endothelium  may  be  seen  in  any  of  the  forms  ol  interstitial  pneumonia. 

and  is  really  a  stage  in  the  obliteration  of  the  alveoli,  but  it   is.  perhaps, 
seen  in  the  variety  due  to  syphilis.     This  cubical  or  columnar  type 

of  endothelium  may  be  very  abundant,  and  the  appearance  produced 

may  easily   be  confused   with  tl  in   adenoid  "f  the  1 

The  starting-points  for  the  owth  of  com  ue  are   i 
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commonly  the  deeper  layer  of  the  pleura,  the  inter-lobular  septa,  and  the 
connective  tissue  round  the  bronchi  and  the  vessels.  In  the  varieties 
which  occur  in  influenza  and  in  glanders,  it  is  the  peribronchial  and  the 
perivascular  tissues  which  show  special  proliferative  changes;  whereas, 
in  the  forms  due  to  dust-diseases,  the  main  change  seems  to  be  in  the 
deep  layer  of  the  pleura  and  in  the  inter-lobular  septa. 

The  proliferated  connective  tissue  varies  in  its  character  in  the  different 
forms.  It  may  be  very  dense  and  shew  little  evidence  of  cellular  growth, 
or  the  cellular  character  may  be  extremely  marked.  The  degree  of 
vascularity  also  varies  very  considerably.  The  bronchi  may  become 
dilated  during  the  more  acute  stage,  and  this  dilatation  may  persist, 
or  even  be  increased  later.  The  secretion  may  be  retained,  undergo 
decomposition,  and  cause  still  further  dilatation  and  the  production 
of  a  condition  of  bronchiectasis.  The  invading  fibrous  tissue  may  cause 
the  obliteration  of  large  tracts  of  the  smaller  bronchi.  The  fibrous 
nodules  thus  formed  shew  a  dense,  homogeneous,  central  fibrous  zone 
surrounded  by  pigment,  this  pigment  mapping  out  the  position  of  the 
peribronchial  lymphatics. 

1.  THE  PNEUMONOKONIOSES.— The  results  of  the  inhalation  of 
dust  depend  largely  on  the  character  of  the  particles  inhaled.  Thus, 
that  part  of  the  fine  dust  of  the  air  wThich  is  not  expectorated,  is  taken 
up  from  the  channels  and  cavities  of  the  lung  into  the  lymphatics, 
and  is  deposited  in  different  situations,  but  does  not  necessarily  give  rise 
to  any  serious  damage.  If  the  dust,  however,  is  of  a  specially  irritating 
character,  it  acts  as  a  foreign  body  in  the  positions  in  which  it  is 
deposited  (the  deeper  layer  of  the  pleura,  the  inter-lobular  and  inter- 
alveolar  septa,  and  the  peribronchial  and  perivascular  lymphatics),  and 
causes  chronic  irritative  changes,  with  the  production  of  nodules  of  fibrous 
tissue. 

According  to  the  character  of  the  dust  inhaled,  various  names  have 
been  given  to  the  lesions  produced. 

(a)  ANTHRACOSIS  ("  COAL-MINERS'  LUNG  ")  is  due  to  the  inhala- 
tion of  particles  of  coal,  shale,  soot,  or  other  forms  of  carbon.  The  dust 
here  is  not  physically  very  irritating,  and,  in  consequence,  the  nodules 
of  fibrous  tissue  are,  as  a  rule,  small,  though  usually  widely  distributed. 

The  lung  becomes  intensely  black,  and  the  pleural  surface  usually 
shews  some  small,  irregular,  white,  fibrous  areas,  surrounded  by  a  darker 
zone  of  pigment.  Under  these  fibrous  areas,  gritty  particles  may  be  felt . 
The  cut  surface  is  also  finely  gritty. 

On  microscopical  examination,  large  masses  of  black  pigment,  in  the 
form  of  fine  granules,  are  seen  in  the  connective  tissue,  which  is  often 
almost  obscured  by  them.  The  bronchi  and  air-cells  generally  shew 
catarrh,  and  the  lung-tissue  may  be  congested  and  emphysematous. 
Many  of  the  catarrhal  cells  contain  granules  of  the  pigment. 
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(b)  SILICOSIS  (CHALICOSIS  or  '  STONE-MASONS'  LUNG')  is  due  to 
the  inhalation  of  stone-particles,  01  particles  of  glass  or  quartz.  Only 
^^^^  certain  kinds  of  stone  produce 

i  be  irritation,  especially  those 
containing  high  percentages 
of  silica.  Mich  as  granite,  flint, 
etc.  The  fibrous  nodules 
formed,  in  this  condition. 
are  usually  fewer  in  number 
than  in  *mt hracosis,  and,  on 
account  of  the  extremely  irri- 
t  at  ing  nature  of  the  parti. 
they  are  larger  and  de 
in  consistence.  Destructive 
changes  are  also  more  marked . 
The  central  part  of  the  nodules 
often  shews  necrosis,  owing 
to  the  obliteration  of  the 
vessels  at  the  periphery  by 
the  dense  fibrous  tissue. 

Gye  and  Kettle,1  as  a  result 
of  various  experiments,  state 
that  silica  causes  fibrosis  by 
acting  chemically  on  the  tis- 
sues, and  not  in  virtue  of  its 
physical  properties.  In  their 
experiments,  they  found,  not 
only  the  fibrous  changes,  but 
also  the  necrosis,  which  is  so 
marked  a  feature  in  silio 
This  necrosis  they  consider  la 
caused  by  a  soluble  derivative 
of  Bilica  which  acts  as  a  cell- 
poison. 

On  naked-eye  examination, 
t  he  lung  has  a  greyish  colour. 
On  the  pleura. the  whitish  fib- 
rous nodules,  to  which  refer- 
ence has  already  been  made 
under  ant  hracosis.  are  much 
more  ma  dca  I ,  larger,  and  more 
numerous.  On  section,  the 
gritty  stone-particles  can  be 
fell  under  the  finger,  and  are 
seen  to  be  surrounded  by  pigmented  fibrous  tissue. 

1  Gye  and  Kettle,  Brit.  Joitm.  Exp*.  Path.,  1922,  vol.  iii.,  No.  5,  p.  241.  and 
The  Lancet,  Oct.  21,  1922,  p.  8G5. 


Fio.  314. — Lung.     Antic 
example  of     ooftl-mioen1   Lung." 
University    Anatomical    Mosomn. 

No.,  R.  C.  a.  4.) 
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Fig.  315. — Lung.    From  a  case  of  Anthracosis,  shewing  the  great 
accumulation  of  carbon -pigment,     x  40. 


Fiq.  316. — Lunj,    From  a  case  of  Silicosis,  shewing  a  dense,  fibrous, 
and  pigmented  nodule.     x35. 
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On  microscopical  examinational  lulea  of  fibrous  tissue  are  seen, 

often  homogeneous  and  necrotic  in  the  centre,  and  containing  minute 
angular  or  irregular  masses  oi  a  greyish-black  colour-   th< 
Catarrh,  congestion,  and  emphysema  oi  the  intervening  In  e  are 

commonly  present.    The  at  the  periphery  oi  the  nodules  may 

shew  obliterative  endarteritis,  and  the  connective  tissue  in  this  situation 
is  more  cellular  and  more  vascular  than  in  other  parts  of  the  Lung. 
Tuberculosis  is  very  frequently  associated  with  silicosis,  and  the  destruc- 
tive changes  in  such  cases  may  be  very  marked. 

Gye  and  Kettle1  explain  the  abnormal  prevalence  of  tubercul 
among  silica-workers  by  (1)  the  destructive   action  of  Bilica   on   cells, 
whereby  foci  of  necrosis   are  produced  in  which  tubercle   bacilli 
multiply;    and  (2)  the  disorganisation  of  the  lymphatic  drainage  <>f  the 
lung. 

(c)  SIDEROSIS  ("  GRINDERS' "  or  "  TURNERS'  LUNG,"  etc.)  is 
due  to  the  irritation  of  metal-dusts  and  the  dust  from  the  grindstone — 
the  latter  being  the  most  important  factor  in  so-called  "  Grinders' 
phthisis."  Most  authors  lay  stress  on  the  damage  done  by  iron-  and  steel- 
pal  tides  in  the  lungs  of  needle-grinders,  file-makers,  knife-grinders,  etc. 
This  view,  which  has  been  handed  down  in  various  textbooks,  has  very 
little  evidence  to  support  it.  The  experience  of  one  of  us  among  the 
grinders  in  Sheffield  is  that  it  is  a  silicosis,  and  not  a  siderosis,  from  which 
these  workers  suffer — it  is  the  stone-dust,  and  not  the  iron  or  steel,  that  is 
the  causal  agent.  The  changes  produced  are  identical  with  those  seen 
in  silicosis.  Tuberculosis  is  a  very  common  complication  in  the  grinders' 
lung,  at  any  rate  in  Sheffield,  and,  in  the  majority  of  cases,  it  is  the  cause 
of  death.  A  definite  interstitial  pneumonia,  however,  undoubtedly  does 
occur  in  grinders'  lungs  apart  from  tuberculosis,  and  there  is  no  evidence 
that  the  silicosis  is  in  itself  a  cause  of  phthisis  (chronic  pulmonary 
tuberculosis). 

(d)  WORKERS  WITH  FLAX,  FEATHERS,  CLAY,  PORCELAIN, 
PLASTERS,   PIGMENTS,   etc.,    are   said   to   develop   a   varying  d« •_ 

of  interstitial   pneumonia,  but,  in   many  of  these  workers,  the  chai 
are  slight  and  unimportant,   whereas  in   others,  such   as   potters,   the 
changes  are  really  due  to  such  irritating  dust  as  flint  or  sihea  in  > 
combination. 

2.  THE  FORMS  OF  INTERSTITIAL  PNEUMONIA  WHICH  FOLLOW 
ACUTE  OR  SUBACUTE  CONDITIONS  OF  THE  LUNG.  -In  these  con- 
ditions, the  fibrous  overgrowth  may  occur  in  localised  patches,  or  may 
he  widely  Bpread  throughout  the  lung — the  new  fib*  ic  spreading 

inwards  from  the  pleura,  from  the  septa,  or  from  the  peribronchial  and 
perivascular  connective 

1  Gye  and  Kettle,  Brit.  J  per.  Paih.,  1922,  \<>l.  iii,  No.  5,  p.  241  •' 

and  Tht  Lancet,  Oct.  21,  1922,  p. 
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3.  THE  FORMS  OF  INTERSTITIAL  PNEUMONIA  WHICH  RESULT 
FROM  THE  ACTION  OF  BACTERIAL  AND  OTHER  POISONS  OR 
TOXINS. — Occasionally,  an  acute  interstitial  pneumonia  resembling  the 
pleuropneumonia  of  cattle  is  seen.  In  this,  the  principal  change  is  in 
the  inter-lobular  septa,  which  become  thickened,  and  from  which  extension 
takes  place  into  the  lung-tissue.  Usually,  there  is  also  an  associated 
peribronchitis. 

This  condition  is  seen  specially  in  some  of  the  cases  of  pneumonia 
which    are    associated    with    influenza.      The    more    usual    conditions 


Fig.  317. — Lung.     Syphilitic  interstitial  pneumonia.     Stained  for  elastic  tissue    black). 
X  28.     Note  obliterative  endarteritis  in  vessel. 

resulting  from  the  action  of  organismal  poisons  are  those  seen  in  syphilis 
and  in  tuberculosis;  and  these  will  be  discussed  under  syphilitic  and 
tuberculous  disease  of  the  lung. 

SYPHILIS   OF  THE    LUNGS:— 

Syphilitic  disease  of  the  lungs  may  occur  in  either  the  congenital  or 
the  acquired  form  of  the  disease. 

In  the  congenital  form,  gummata  may  be  found,  but  the  most  char- 
acteristic change  is  an  interstitial  pneumonia.  The  lung  is  usually  pale 
in  colour  and  tough,  and  is  intersected  by  delicate  fibrous  bands.     This 
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change,  white  hepatisation,  01  white  pneumonia  as  it  is  sometimes  called, 
may  be  widely  spread,  01  it  may  be  confined  I  on  oi  the 

lung. 

Microscopically,  the  connective-tissue 
cellular  and  vascular,  but,  later,  it  may  become  more  densely  nbi 

The  alveoli  undergo  compression,  theil  walls  are  invaded  by  fibrous 
tissue,  and  the  lining-cells  become  cubical  or  spheroidal.  As  the  over- 
growth continues,  the  vesicles  become  more  and  more  oollap 

various  secondary  changes,  such  as  atrophy  and  obliteration,  result. 

In  acquired  syphilis,  gummata  are  found,  and  are  often  surrounded 
by  well-formed  fibrous  tissue.  This  tissue  may  contract,  and  the  gummata 
be  absorbed;  and  thus  irregular  cicatrices  may  be  produced.  These  are 
most  frequently  seen  in  the  posterior  and  outer  parts  of  the  lower  1<. 

Interstitial  overgrowth,  similar  to  that  seen  in  congenital  cases,  may 
occur.  The  fibrous  tissue  is,  however,  much  less  cellular.  The  fibrous 
bands  which  intersect  the  lung-tissue  are  situated  usually  at  the  posterior 
or  outer  aspect  of  the  lower  lobes,  where  they  pass  from  the  pleura  in- 
wards, and  may  be  traced  to,  and  be  continuous  with,  the  sheaths  of  some 
of  the  larger  bronchi.  By  their  contraction,  very  irregular  and  deep 
puckered  cicatrices  may  be  produced  on  the  surface.  In  these  fibrous 
bands,  gummata  or  their  remains  may  sometimes  be  found.  Li  some 
cases  with  syphilitic  ulceration  or  stenosis  of  the  larynx,  the  retained 
secretion  may  give  rise  to  retention-pneumonia  and  to  bronchiectasis, 
and  diffuse  syphilitic  interstitial  pneumonia  may  eventually  result.  Not 
uncommonly,  secondary  infection  with  B.  tuberculosis  and  other  organisms 
occurs. 

In  GLANDERS  and  in  ACTINOMYCOSIS,  a  fibrous  overgrowth  may 
take  place  in  the  lung,  though  the  more  usual  lesions  are  softening  and 
abscess  formation.  In  actinomycosis,  the  fibrous  tissue,  which  is  really 
the  scar-tissue  of  the  healed  abscess,  may  occur  at  any  part  of  the  lung: 
but,  in  glanders,  the  new  tissue  generally  arises  by  a  proliferation  of  the 
peribronchial  and  the  perivascular  Connective  tissues.  Other  strepto- 
trichese,  e.g.  (Eppinger),  sometimes  produce  minute  abaci 

scattered  throughout  one  or  both  lungs,  and  may  simulate  acute  miliary 
tuberculosis. 
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TUBERCULOUS   DISEASE   OF  THE    LUNGS  AND   PLEURA 

Tuberculosis  in  the  lungs  may  be  part  of  a  general  process,  or  it  may 
be  localised  in  the  lungs.  All  forms  are  primarily  caused  by  the  presence 
of  B.  tuberculosis  ;  and  the  differences  in  the  lesions  depend  on  various 
factors,  such  as  the  channel  of  infection,  the  method  of  spread  in  the  lung 
and  the  special  structures  involved,  the  virulence  of  the  organism  and  the 
power  of  resistance  of  the  patient,  the  presence  or  absence  of  previous 
disease  and  damage  in  the  lung,  and  the  supervention  of  intercurrent 
processes,  especially  secondary  infection  with  other  organisms. 

CLASSIFICATION  :— 

(A)  TUBERCULOSIS,  WITHOUT  CAVITY-FORMATION. 

I.  ACUTE  : 

1.  Infection  by  Blood-Stream      .     .     .     .] 

i  Diffuse  or  Acute 
scattered.  |  miliary. 

2.  Infection  by  Lymphatics 

Localised  Peii- 
bronchial. 

3.  Infection  by  way  of  the  Air-Passages. — This  usually  gives 

rise  to  acute  caseating  tuberculous  broncho-pneumonia. 
II.  CHRONIC. — This  form  is  chiefly  due  to  spread  by  the  peri- 
bronchial lymphatics. 

(B)  TUBERCULOSIS  WITH  CAVITY-FORMATION  (PHTHISIS). 

I.  ACUTE  :  which  is  mainly  broncho-pneumonic  in  type. 
II.  CHRONIC  :  which  is  mainly  seen  in  the  peribronchial  lymphatics. 

GENERAL  FACTS  IN  RELATION  TO  TUBERCULOSIS  OF  THE 
LUNGS :— 

1.  There  is  great  variety  in  the  rapidity,  i.e.  the  acuteness  or  the 
chronicity,  of  the  process,  and,  therefore,  in  the  resulting  lesions.  Thus, 
the  more  acute  the  condition  is,  the  greater  is  the  tendency  to  caseation 
and  destruction,  the  more  chronic,  the  greater  the  amount  of  fibrous- 
tissue  overgrowth.  The  appearances  in  the  lung  during  the  course  of 
the  disease  depend  largely  on  the  relative  proportion  of  these  two  changes 
to  one  another. 

2.  Tuberculous  lesions  in  the  lung  may  be  part  of  a  general  tuberculous 
infection  throughout  the  body,  as,  for  example,  in  the  acute  miliary 
tuberculosis  produced  by  inoculating  animals  :  or  that  found  in  children, 
or  in  older  patients  with  weak  resisting  power.  On  the  other  hand,  the 
condition  may  start  in  the  lungs,  and  from  them  the  infection  may  be 

45 
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carried  bo  other  parts  of  the  body  ;  01  the  lui  me  infected  from 

te  othei  neighbourii  oi  I  he  d 

3.  In  the  lung,  the  lesion  is  localised  or  diffuse,  and.  dinicaUy, 
specially  to  attack  the  apex  oi  the  right  lung,  though  this  u  pfobably 
dm*,  as  may  be  Been  on  pod  minatdon,  to  an  extension  of  the 
tuberculous  process  from  the  root  of  the  lung.  One  lung  is  seldom 
affected  alone,  though  it  may  appeal  to  I"-  so  clinically.  Both  oif 
are  almost  always  attacked,  even  early  in  the  course  of  the  di  Inch 
is  frequently  more  pronounced  on  one  side,  more  especially  the  right. 

4.  Lesions  resulting  from  other  diseases  may  modify  the  changes — 
e.g.  Silicosis,  etc.  (q.v.,  p.  700). 

5.  When   B.  tuberculosis  has  once  settled  down,  it  tends — unlesi 
cure  is  effected — to  spread  and  cause  more  widely  diffused  changes. 

METHOD  OF  INFECTION  :— 

Whitla,1  in  his  Cavendish  Lecture,  revived  the  view  of  Calmette 
and  others  "  that  the  immense  majority  of  cases  of  pulmonary  tuber- 
culosis is  not  contracted  by  inhalation,  but  by  the  ingestion  of  bacilli 
or  bacilliferous  products  which  penetrate  the  intestinal  mucosa."  He 
and  Symmers,  from  their  experiments,  conclude  that:  "carbon  part- 
icles, china  ink  and  B.  tuberculosis  pass  through  the  intestinal  epithelial 
surface,  reaching  the  lacteal  or  lymphatic  paths,  then  pass  through  the 
lymphatic  glands  of  the  mesentery,  and  finally,  either  enclosed  in  phago- 
cytes or  free,  find  their  way  into  the  thoracic  duct,  to  be  poured  into  the 
venous  circulation  before  being  arrested  in  the  capillaries  of  the  lung." 
Though  we  are  not  prepared  to  accept  these  views  for  the  majority  of 
cases,  and  much  evidence  has  been  brought  forward  against  them,  there 
seems  little  doubt  that  one  of  the  principal  channels  of  entrance  for  the 
bacilli  is  the  lymphatic  one. 

There  is  also  a  general  agreement  that  one  of  the  commonest  channels 
of  entrance  in  young  children,  is  by  way  of  the  tonsils  (including  also  the 
lymphoid  tissue  of  the  pharynx,  etc.),  and,  in  some  cases,  by  way  of  the 
nose  or  teeth.  From  these  situations,  the  bacilli  pass  to  the  cervical 
glands,  then  to  the  mediastinal  and  bronchial  glands,  and  finally  into  the 
lung-tissue,  especially  by  way  of  the  peribronchial  lymphatics  of  the  larger 
bronchi. 

Prom  the  root  of  the  lung,  the  paths  of  infection 

{a)  Outwards  and  upwards,  involving  the  inner  part  and  apex  of  the 
upper  ]ui»«-. 

(b)  Directly  outwards  towards  the  axilla,  i.e.  t<>  the  middle  part  of 
the  upper  lobe,   |  and  infecting  the 

pleura,  causing  tuberculous  pleurisy,  and  Bometimea  leading  to  wide- 
spread re-infection  of  the  lung  by  way  of  the  sub-pleural  and  inter-lobular 
lymphatics. 

1  Brit,  Med.  Jour.,  July  11,  L906,  p.  61. 
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(c)  Outwards  and  downwards  into  the  lower  lobe.  This  direction 
of  spread,  however,  is  brought  about  by  an  air-passage  involvement 
from  the  inspiration  of  infected  sputum  along  the  bronchi. 

The  bacilli  may  also  enter  the  lungs  by  way  of  the  pleura,  which  has 
become  invaded  through  the  lymphatics  in  the  diaphragm  in  cases  of 
abdominal  tuberculosis.  The  right  lung  is  more  especially  attacked  in 
this  way,  the  bacilli  passing  through  the  lymphatics  of  the  right  side 
of  the  diaphragm. 

If  the  larger  bronchi  become  involved,  the  bacilli  may  pass  along  the 
peribronchial  lymphatics  directly  to  the  lung,  or  may  spread  to  the 
mediastinal,  and  then  to  the  bronchial,  glands,  from  which  a  peribronchial 
lymphatic  re-infection  of  the  lung  may  occur. 

Invasion  frequently  takes  place  by  way  of  the  intestine  and  the 
mesenteric  glands.  In  most  cases,  the  intestine  is  ulcerated,  but  sometimes 
the  bacilli  pass  through  the  intestine  to  the  mesenteric  glands  without 
the  intestine  itself  becoming  involved.  This  condition  is  found  usually  in 
children,  and,  like  the  cervical  form  of  the  disease,  is,  in  most  cases,  caused 
by  the  bovine  type  of  bacillus.  From  the  mesenteric  glands,  the  bacilli 
may  spread  by  way  of  the  retroperitoneal  and  mediastinal  glands  around 
the  aorta  to  the  bronchial  glands  and  to  the  lungs. 

Infection  by  the  Air-Passages. — This  method  of  onset  is  also  of  frequent 
occurrence,  and,  in  adults,  it  is  probably  the  usual  channel  of  infection. 
B.  tuberculosis  may  be  inhaled  in  dried-up  sputum,  infected  dust,  etc., 
and  may  be  arrested  in  the  moist  walls  of  the  nose,  pharynx,  trachea,  or 
larger  bronchi,  and,  from  the  last -mentioned  structures,  it  maybe  carried 
to  other  parts  of  the  lung  by  the  lymphatics.  It  is  possible — but  probably 
not  at  all  common — that  the  bacilli  are  originally  carried  further  into  the 
lung  by  the  air-stream.  The  usual  mode  of  spread  into  the  smaller 
bronchi  and  air-cells — when  it  does  occur — is  by  the  inhalation  into 
them  of  broken-down  material  from  a  tuberculous  focus  in  the  bronchi 
or  in  some  other  part  of  the  lung,  or  by  the  inspiration,  after  haemoptysis, 
of  blood  containing  bacilli,  i.  e.  it  is  a  secondary  and  not  a  primary  mode 
of  infection. 

SPREAD  OF  THE  PROCESS  IN  THE  LUNG  ITSELF  :-- 

The  special  structures  which  are  affected  in  the  lungs,  and  the  char- 
acter of  the  lesion,  will  depend  largely  on  the  special  channel  of  invasion, 
as  will  also,  to  a  large  extent,  the  nature  and  method  of  spread  of  the  process 
after  it  has  once  staited. 

The  chief  methods  of  spread  are — 

1.  By  the  blood-stream. 

2.  By  the  lymphatics  in  the  connective  tissue. 

(a)  The  more  general,  diffusely  or  irregularly  distributed  lymph- 
atic channels  in  the  deeper  layer  of  the  pleura,  the  septa, 
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the  peribronchial  and  perivascular  tissues,  and  in  the  walls 
of  the  alveoli. 
(6)  The  peribronchial  Lymphatics. 

3.  By  the  air-passages. 

4.  Local  spread  by  infiltration. 

Very  frequently  several  of  these  methods  of  Bpread  may  be  seen  in 

the  same  ca~ 

A.— TUBERCULOSIS  WITHOUT  CAVITY-FORMATION  : 

I.  ACUTE   TUBERCULOSIS 

1.  Blood  Spread  :— 

An  embolic  or  arterial  spread,  though  of  comparatively  infrequent 
occurrence,  produces  one  form  of  acute  miliary  tuberculosis.  The  bacilli 
may  be  carried  to,  and  settle  down  in,  the  terminal  branches  of  the 
pulmonary  artery.  This,  however,  is  only  part  of  a  general  tuberculous 
infection  throughout  the  body.  The  original  focus  is  frequently  in  the 
abdomen.  The  bronchial  glands  are  enlarged,  softened,  and  caseous;  the 
pleura  is  studded  with  miliary  tubercles;  and  the  lung  shews,  on  section, 
innumerable  minute  tubercle-granulations  throughout  its  Bubstance. 
There  are  usually,  in  addition,  considerable  engorgement,  and  oedema, 
and  sometimes  pneumonic  consolidation,  of  the  intervening  lung-tissue. 

2.  Lymphatic  Spread  : — 

The  spread  by  lymphatics  may  shew  itself  in  two  forms  : 

(a)  The  irregular,  diffuse,  or  scattered  form,  which  is  seen  especially 
in  very  acute  and  rapid  cases,  occurring  secondarily  to  disease  of  the 
pleura  or  of  the  glands  at  the  root  of  the  lung.     The  lesions  produced  in 
this  form  of  acute  miliary  tuberculosis  generally  cannot  be  distinguifl 
bom  those  in  the  acute  form  which  is  spread  by  the  blood-stream. 

Naked-eye  Appearance. — Large  numbers  of  minute  greyish  nodules 
are  seen  scattered  throughout  the  connective-tissue  framework  of  the 
lung.  They  are  irregularly  rounded,  often  some  what  yellowish  in  the 
centre,  and  firm  to  the  touch.  They  are  also  seen  immediately  under 
the  pleura,  and  are  distinctly  raised  above  the  pleural  Burfa 

Microscopically,  in  their  early  -  hey  are  composed  largely  of 

lymphoid  cells.  There  may  be  Blight  proliferation  of  the  connective- 
tissue  corpuscles  and  other  cells,  and  the  formation  of  so-called  epithelioid. 
or,  mure  correctly,  endothelioid,  cells,  and  Blight  evidence  of  central  ca 

tion  may  be  Been.  Usually,  giant-cells  are  not  formed.  The  walls  of  the 
alveoli  may  be  thickened,  and  these,  and  the  smaller  bronchi,  may  be 
invaded  by  the  tuberculous  process.  In  this  way,  collapse  and  local 
catarrh  inav  be  brought  about. 

(b)  The  more  regular  and  localised  form  of  spread,  by  way  of  the 
peribronchial  lymphatics,  is  seen  in  the  I  in  the   chronic 
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manifestations  of  the  disease ;   but  it  may  occur  in  cases  which  develop 
very  rapidly. 

The  character  of  the  lesion  varies  with  the  size  of  the  bronchus  involved. 
The  walls  of  the  larger  bronchi  may  be  infiltrated  to  such  an  extent  that 


Fig.  318. — Lung.    Acute  Miliary  Tuberculosis.     Note  tubercle-granulations  on  the 

pleural  suit  ace  of  right -hand  figure. 


the  tube  itself  is  narrowed  and  obstructed;  or  the  tuberculous  focus 
may  ulcerate  into  the  bronchus.  In  either  case,  secondary  dilatation 
and  the  formation  of  bronchiectatic  cavities  may  occur,  an  acute  tuber- 
culous bronchitis  being  set  up,  and  thus  leading  to  a  Bpread  by  the  air- 
passages,  and  producing  a  tuberculous  broncho-pneumonia. 

Or  again,  the  tuberculous  infiltration   may  spread  along  the  peri- 
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bronchial  lymphatics  to  the  walls  of  the  mallei  bronchi  leading  to  one 
lobule  or  to  a  group  of  lobules,  and  there  give  rise  to  a  similar  reaction. 

The    tv 

.•-•I    in     a  ie     or 

phyloid  maimer, 
sponding  to  the  <lr. 
the  affected  bronchus  (see 
ii'_r.  319).  Ulceration  into  the 
bronchus  may  take  place,  or 
thf  lumen  may  be  blocked  by 
exudate,  lea  -truc- 

tion  and  collapse,  and  then 
to  tuberculous  invasion  and 
caseation  of  the  collapsed 
area. 

When  the  walls  of  the 
more  minute  bronchioles  1>« 
come  affected,  the  lesion 
tends  to  invade  the  alveoli 
and  to  give  rise  to  a 
dition  of  tuberculous  broncho- 
pneumonia. 

3.  Air-Passage  Spread  : — 
This  form  of  spread  Lr 
usually  to  the  catarrhal 
or    broncho-pneumonic    form 
of  tuberculosis.     It   is  a  fre- 
quent    mode     of     secondary 
acute  infection  in  the  course 
of    the    more    chronic    i 
and   is   the    elementary    ana- 
tomical lesion  in  acute  phthisis 
p.  710). 

Methods    of    Infection. — 
The  air  |  -  may  become 

involved  in  the  tuberculous 
process  by  the  inhalation  of 
emit  troin  out- 

side, or  <»f  xiT.'tions  of  blood 
which  contain  the  bacilli  bom 
the    aii  pa-  the   lung 

its. -if.    Such  an  infection  may 

veoli    or   into  the   bronchi  of  a 

peribronchial  or  in  the 


Fio.  Tubercnlosii   with 

:  .-   lil. r<> ii-  nlf    upper   p.nt 

of  lulu-,  *nd  shewing  acute  peribronohiiu  ipi 
into   tho   lowex  lobe,     i  Edinbui 
Anatomical    Museum, 
e.  6.) 

arise  also   by  the  ulceration  into  the  al 
tuberculous  focus  situated  either  in  the 

glands  at  th-  4  the  lung. 
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Characters  of  the  Lesions. — The  infective  material  produces  in  the 
minute  bronchioles  an  intense  catarrh,  which  spreads  into  the  air-cavities. 
This  catarrh  is  associated  with  rapid  necrosis  and  caseation,  not  only  of  the 
inflammatory  products,  but  also  of  the  walls  of  the  small  bronchioles, 
the  alveolar  passages,  and  the  air-cells.  The  condition  may  affect  a  part, 
or  the  whole,  of  one  lobule,  or  a  group  of  lobules,  according  to  the  size 
of  the  bronchiole  primarily  involved.  The  walls  of  the  air-spaces  may 
be  infiltrated  with  cells  of  a  lymphoid  type,  and  these  cells  may  give  rise 
to  compression  and  to  obliteration  of  the  alveolar  capillaries.  Giant- 
cells  are  usually  scanty  or  entirely  absent,  or  they  may  be  found  only 
in  the  peribronchial  tissue  in  the  original  tuberculous  focus.  The  inter- 
vening lung-tissue  may  be  intensely  congested,  may  be  cedematous,  or 


Fig.  320. — Lung.     Acute  Tuberculous  Broncho-Pneumonia.     x25. 

may  shew  haemorrhage,  catarrh,  or  the  occurrence  of  a  fibrinous  exudate 
in  the  air-spaces — a  condition  resembling  acute  lobar  or  lobular  pneumonia 
being  produced. 

As  the  condition  spreads,  little  grape-like  clusters — the  so-called 
"  staphyloid  "  arrangement — of  the  tubercle-nodules,  which  are  whitish 
or  yellowish-white  in  colour,  soft,  and  easily  broken  down,  are  seen 
scattered  through  the  affected  area. 

Naked-eye  Appearances  :-- 

(1)  If  the  lobular  bronchioles  only  are  affected,  minute  yellowish 
nodules  arc  seen,  scattered  irregularly  through  the  section.  They  may 
be  slightly  raised  above  the  general  surface.  The  nodules  may  be  soft, 
and  sometimes  the  outline  of  the  bronchiole  may  he  detected  in  them. 
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(2)  If  the  larger  bronchioles  are  involved,  the  nodules  become  arranged 
in  groups  of  from  about  2  to  5  mm.  in  diameter  (see  lower  part  of  fig.  321). 
These  are  yellowish  in  colour,  and  slightly  raised  above  the  surface  of  the 
lung.  By  confluence,  larger  areas  are  produced,  and  the  lung  presents  a 
mottled  appearance,  the  yellowish  tuberculous  areas  alternating  with 
reddish   and   congested    areas  of  lung-tissue.    The   inter-lobulai  m 

may  be  swollen,  and  there  may  be 
oedema,  and  fibrinous,  or  catarrhal, 
pneumonia  in  the  intervening  lung- 


II.  CHRONIC   TUBERCULOSIS 

In  this  form,  the  spread  is  by 
way  of  the  peribronchial  lymph- 
atics, and  occurs  in  the  same 
manner  as  in  the  more  acute 
types ;  but  the  lesions  tend  to  be 
larger,  and  more  localised  by  a 
growth  around  them  of  fibrous 
tissue,  which  is  often  deeply  pig- 
mented. They  are  firmer  and 
larger,  have  a  more  definite 
structure  than  those  of  the  acute 
forms,  and  shew,  as  a  rule,  very 
definite  giant-cell  systems  round 
the  periphery  (see  fig.  322). 

Naked-eye  Appearances. — Such 
chronic  nodules  are  characterised 
especially  by  :  (1)  A  greater  trans- 
lucency,  at  any  rate  in  their  earlier 
stage,  before  the  fibrous  tissue 
becomes  very  dense.  (2)  Pig- 
mentation, which  is  due  partly  to 
the  old  accumulation  of  carbon- 
pigment  at  the  site  of  the  original 
peribronchial  lymphatics,  and  also 
to  the  increase  <>f  pigment  which  is  associated  with  all  chronic  irritative 
conditions.  (3)  Fibrous  overgrowth  round  the  nodule,  forming  a  sort  of 
capsule,  cither  Localised  or  extending  into  the  surrounding  Lung 
and  producing  extensive  interstitial  pneumonia.  The  centre  of  the  area 
may  shew  caseation. 

Microscopically,  the  nodules  are  composed  "t  fibrous  or  fibro-cellulai 

tissue,   with   sonic   caseation   in   the   centre,   and  'ly   with  definite 

giant -cell  systems  at  the  periphery  (see  fig.  322). 


Pio.  321      Lung.    Shewing  vary  advanced 
Acute   Caaoatiing  Tuberculom    Broncho- 
Pneumi 
Pleura. 
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In  chronic  tuberculosis  leading  to  chronic  phthisis,  there  mav  be 
extensive  areas  of  caseation,  surrounded  by  proliferated  fibrous  tissue. 
These  may  ulcerate  into  a  bronchus,  and  thus  form  cavities  of  various 
sizes.  This  invasion  of  the  bronchus  may  give  rise  to  acute  tuberculous 
bronchitis,  and,  subsequently,  to  acute  tuberculous  broncho-pneumonia. 
Or  again,  the  nodules  may  undergo  healing,  i.  e.  become  surrounded  and 
shut  in  by  a  dense  fibrous  capsule  (fig.  323),  the  central  part  usually  shewing 
caseation  and  sometimes  calcification,  or  the  original  focus  may  simply 
be  represented  by  a  dense  pigmented  and  contracted  fibrous  scar.. 


Fig.  322  — Lung.     A  Nodule  in  a  progressive  case  of  Chronic  Tuberculosis,  shewing  centra 
caseation,  giant-cell  formation,  and  peripheral  fibrous-tissue  overgrowth.     X  50. 


FIBROID  "  HEALED  "  TUBERCLE  :— 

In  all  tuberculous  lesions,  there  may  be  observed  a  varying  ratio 
between  the  processes  of  destruction  produced  by  the  toxins  of  the 
bacilli  and  the  processes  of  reaction  against  these  on  the  part  of  the 
body-tissues.  When  the  latter  are  successful  in  localising,  or  even  in 
entirely  neutralising,  the  effects  of  the  former,  they  do  so  to  a  large  extent 
by  proliferation  of  the  connective-tissue  elements,  which  come  to  surround 
the  diseased  area  and  form  a  capsule,  as  it  were,  which  cuts  it  off  from, 
and  prevents  its  further  spread  into,  the  neighbouring  tissues.  These 
proliferative  changes  are,  therefore,  specially  found  where  the  tuber- 
culous process  has  been  arrested,  or  where  its  development  has  been 
very  slow;  but  they  may  also  develop  even  in  the  more  acute  lesions. 
Thus,  the  minute  tubercle-granulations  of  the  acute  lymphatic  type  <>f 
tuberculosis  may  shrink,  become  fibrous,  and  leave  only  small  scars 
of    pigmented   fibrous  tissue;    or  the    nodules    of    broncho-pneumonic 
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tuberculosis  may  become  surrounded  by  a  zone  of  fibrous  tissue,  and  the 
caseous  contents  of  the  nodule  may  dry  up  and  perhaps  eventually 
become  calcified.    Tin'  fibrous  overgrowth  dairy  pronounced  in 

the  more  chronic  peribronchial  form.  The  bronchus— often  completely 
obliterated— ami  the  areas  of  lung-tissue  around  it  and  supplied  by  it. 
together  with  any  associated  i  i  i  calcified  material,  may  become 

surrounded  by  a  zone  of  dense  fibrous  tissue,  and.  at  the  periphery  of  this 
fibrous  tissue  a  -low  extension  of  the  fibrosis  into  tin*  lung-tissue  may 
be  seen  (see  fig.  323).    In  the  late;  the  healing  process  may  !><• 

so  complete  that  the  tuberculous  nature  is  shewn  only  by  the  pei 
of  giant-cells  in  the  fibrous-tissue  nodule. 


UK--     *' 


t. 


Fig.  323.     L  mg.     Fibroid  "Healed"  Tubercle.     Note  the  dense  fibrous- 
no  zone  around  the  central  caseous  area.      X  10. 


B.— TUBERCULOSIS    WITH    CAVITY-FORMATION    (PHTHISIS)  : 

The  term  "  phthisis"  or  "  wasting"  was  originally  applied  clinically 
to  the  general  condition  of  a  patient  Buffering  from  certain  forms  of 
tuberculosis;   and  from  this  it  has  come  to  be  applied  also  to  the  patho- 

cal  condition  of  the  lung,  in  which  the  tuberculous  lesion  leads  to 
wasting   of   the    lung-tissue    with    cavity-formation.      The   patholo. 
processes  which  are  concerned  in  the  production  of  phthie  ssentially 

the  same  as  those  already  described  under  Acute  and  Chronic  Tuberculosis, 
though  there  is  usually  a  more  regular  extension  of  the  Lesion,  combined 
with  greater  consolidation  of  lung-tissue,  and  always  a  breaking  down 

and  excavation  of  t  he  caseous  I aberculous  material,  i.  <■.  the  formation  of 
cavities. 

Tin'  two  essential  pn  in  phthisis  are  consolidation  and  excava- 

tion.   One  lung  only  may  be  affected,  but,  very  frequently,  both 
infected  from  the   a  bher  simultaneously  <>r  at   different 
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periods.  The  degree  of  spread  is  usually  more  marked  in  one  lung  than 
in  the  other,  and  the  characters  of  the  lesions,  even  in  the  same  lung,  often 
shew  that  there  have  been  successive  infections. 

The  disease  begins  frequently  at  or  near  the  root  of  the  lung,  and, 
from  this  point,  it  tends  to  spread  upwards  and  outwards  along  the  inner 
aspect  of  the  upper  lobe  towards  the  apex,  where  the  condition  may 
be  detected  clinically.  Sometimes,  the  spread  is  more  directly  outwards, 
and  may  come  to  involve  the  middle  part  of  the  upper  lobe  externally. 
From  the  apex,  the  disease  tends  at  first  to  spread  slowly  and  continuously 
downwards  by  a  process  of  direct  local  infiltration,  or  by  a  spread  along 
the  pleura ;  but,  at  any  period,  it  may  suddenly  spread  discontinuously, 
*,  (*.  the  infection  may  be  carried  to  other  and  more  distant  parts  of  the 
lung.  Thus,  scattered  patches  may  be  found  in  the  lower  and  posterior 
parts  of  the  lower  lobes,  owing  to  inhalation  along  the  bronchi  of  infected 
secretion,  which  gives  rise  to  a  catarrhal  or  broncho-pneumonic  tuber- 
culosis, often  very  acute  in  its  progress.  In  the  section  of  such  a  lung, 
there  may,  therefore,  be  old  chronic  tuberculosis  or  phthisis  at  the  apex, 
and  acute  tuberculous  broncho-pneumonia  in  the  lower  lobe  or  elsewhere. 

The  process  may  also  extend  along  the  peribronchial  lymphatics, 
until  it  comes  to  involve  the  smallest  bronchioles,  from  which  it 
spreads  to  the  air-vesicles,  forming  little  staphyloid  or  cluster-like 
nodules,  often  shewing  marked  increase  of  pigmentation,  and  giving 
a  granite-like  appearance  to  the  section.  Overgrowth  of  fibrous  tissue 
tends  to  occur  around  the  nodules.  Such  gradual  and  progressive  fibrous 
overgrowth  is  due  especially  to  slow  spread  along  the  peribronchial 
lymphatics.  The  consolidation  extends  towards  the  surface  of  the  lung 
and  gives  rise  to  repeated  attacks  of  pleurisy,  which  lead  to  adhesions, 
and  often  to  considerable  fibrous  thickening  of  the  pleura  over  the  con- 
solidated areas.  Both  lungs  are  usually  involved,  the  disease  being 
generally  more  advanced  in  one  organ  than  in  the  other.  The  second 
lung  may  be  infected,  either  by  way  of  the  bronchial  glands  and  lymphatics, 
or  by  inhalation  backwards  of  infected  sputum  which  is  being  expectorated 
from  the  diseased  lung. 

The  pathological  appearances  which  are  classified  under  the  term 
Phthisis  present  many  variations.  These  are  due  partly  to  the  rate  at 
which  changes  are  produced,  partly  to  the  preponderance  of  one  or  other 
type  of  primary  lesion,  and  partly  to  the  intercurrence  of  other  proo 
Thus,  the  lesions  which  progress  slowly  shew  a  greater  degree  of  fibrous 
overgrowth,  etc.,  than  do  those  which  develop  rapidly.  Where  a  broncho- 
pneumonic  form  predominates,  there  is  likely  to  be  cavity-formation  of 
a  more  irregular  type  than  where  the  prevailing  type  is  lymphatic;  and 
again,  a  phthisis  of  slow  development  may,  at  any  period  in  its  course. 
assume  acute  characters  and  advance  rapidly.  In  addition,  there  may 
be  changes  in  the  type  of  the  lesion.  Thus,  a  chronic  tuberculous  peri- 
bronchitis may,  by  the  ulceration  of  the  nodule  into  the  bronchus,  become 
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an  acute  tuberculous  broncho-pneumonia,  or,  by  ulceration  into  a  vessel, 
give  rise  to  the  acute  miliary  form  of  the  disease.     Further,  the 
lungs  may  shew  lesions  differing  in  t\ 

Thus,  it  will  be  seen  that,  from  fche  i  the  pat  hoi. 

anatomy  or  histology  of  phthisis,  'it  ily  difficult,  or  even  im- 

possible, in  man;  to  draw  a  definite  line  of  demarcation 

the  acute  and  the  ohvonio  forms. 

It  is.  however,  convenient,  for  descriptive  purposes,  to  classify  the 


I  i<;    82  I  \   ut»-  Phthisis,  shewing  a  small  cavity  with  invgular  and  ragged  ca- 

wall,  and  UN  OOnsolicUtioo  throughout  the  remainder  of  the  lung-ti 

condition  into  cases  which  are  acute  and  those  which  are  chronic  ;  but 

it  must  always  be  remembered  that  this  distinction  is  one  merely  of  d« 
and  is  therefore  more  or  less  artificial. 


I.  ACUTE  PHTHISIS  :- 

Under  this  term  we  include  only  the  more  rapidly  :  Qg  forms 

of  tuberculosis,  in  which  the  fundamental  lesion  is  consolidation  by  ■ 
tuberculous  broncho-pneumonia  with  q<  and  caseation,  followed 

by  excavation  or  cavity-formation.    The  consolidated  areas  may  a 

as  very  minute  scattered  foci,  as  larger  lobular  areas,  or  as  patches 
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occupying  considerable  portions  of  the  lung — these  larger  areas  being 
formed  by  the  confluence  of  smaller  patches.  The  intervening  lung- tissue 
always  shews  a  varying  degree  of  congestion  and  oedema,  and  very  often 
acute  fibrinous  or  catarrhal  pneumonia.  When  the  tubercles  reach  the 
surface  of  the  lung,  patches  of  pleurisy  always  develop  over  them.  In 
a  certain  proportion  of  cases,  the  caseous 
nodule  is  surrounded  by  a  fibro-cellular 
zone,  in  which  giant -cells  are  usually 
present.  This  proliferation  of  fibrous 
tissue,  and  the  presence  of  giant-cells, 
indicate  a  certain  degree  of  chronicity. 
The  cavities  may  be  rapidly  formed  and 
numerous.  They  are  often  small  and 
have  ragged  caseous  walls,  and  may  be 
produced  by  the  softening  and  breaking 
down  of  caseous  broncho-pneumonic  areas 
or — and  probably  more  frequently — by 
ulceration  and  dilatation  of  the  small 
bronchi  {see  fig.  325).  In  our  experience, 
cavity -format  ion  is  comparatively  un- 
common in  young  children. 

Sometimes,  the  acute  destructive 
changes  and  softening  may  be  more 
extensive  and  come  to  involve  consider- 
able areas  of  lung-tissue,  producing  large 
cavities,  from  which  the  caseated  and 
necrotic  tissue  may  reach  the  bronchi 
and  be  expectorated.  The  sputum,  in 
such  cases,  contains  fragments  of  elastic 
tissue  and  other  elements  of  the  fibrous- 
tissue  framework  of  the  lung,  as  well  as, 
in  some  cases,  enormous  numbers  of 
B.  tuberculosis. 


Fig.  325. — Lung.    Acute  Phthisis, 

shewing  a  larger,  somewhat 
chronic  cavity  at  the  apex,  and 
also  numerous  smaller,  irregular. 
acutely -formed  cavities  in  the 
remainder  of  the  lung-tissue 
Many  of  theso  cavities  are  ob- 
viously dilated  bronchi  with 
ulcerated  walls.  (Edinburgh 
Dniveiaity  Anatomical  Museum. 
Catalogue"  No.,  R.  Q  f.  6.) 


II.  CHRONIC  PHTHISIS  :— 

The  essential  lesion  in  this  form  of 
the  disease  is  consolidation  brought  about 
by    the    development    of    peribronchial 

tubercles.  There  may,  in  addition,  be  nodules  in  the  fibrous  tissue  of 
the  septa,  the  deeper  layer  of  the  pleura,  etc.  Around  and  from  these 
peribronchial  areas,  proliferation  of  fibrous  tissue  takes  place  and  extends 
into  the  lung-tissue,  producing  the  condition  of  chronic  tuberculous 
interstitial  pneumonia,  which  may  become  very  extensive,  and  may  be 
the  most  obvious  lesion. 

Cavities  are  formed   by   the    caseation    and  softening   of   the    peri- 
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bronchial  nodules  ami  their  ulceration  into  the  bionchn  hich  the 

softemd  material  passes  and  is  then  expectorated.    Perhap 

monry,  the  cavities  are  bronchiectatic  in  origin,    Tin-  walls  of  the  bronchos, 

into  which  the  peribronchial  nodule  has  dischaT) 

attacked  and  softened  by  the  Bptead  of  the  tuberculous  process.    The 

bronchi,  in  this  way,  are  let  ant  to  the  b 

gradual,  and  usually  irregular,  dilatation  takes  place,  aided,  do  doubt, 

by  thf  l  traction  of  the  proliferated  and 

tissue  Burrounding  the  affected  bronchus.    The  walls  of  the  bronchi  may 

become   completely   destroyed,    and    the    bounding   layer   of   the    cavity 
may  consist  of  the  proliferated  fibrous  tissue  of  the  lung     for  example, 
the  thickened  inter-lobular  septa,  or  even  the  newly-formed   1 
fibrous  tissue  which  are   produced   by  the  interstitial   pneumonia 
which  bring  about  the  consolidation  in  that  condition. 

Character  of  the  larger  cavities. — The  chronic  cavities  are  often 
.mlar  in  outline,  and  sometimes  sinuous  or  multi-locular.    The  lining 
membrane  is  smooth  and  fibrous  in  the  very  chronic  forms,  or  co 
with  caseous  material  in  the  less  chronic  types.     The  walls  of  the  cavities 
are  often  extremely  vascular.     Crossing  the  cavities,  or  projecting  from 
their  walls,  there  are  generally  bands  of  fibrous  tissue  corresponding  with 
the  more  resistant  inter-lobular  septa  and  peribronchial  connective  ti- 
and  containing  partially  obliterated  bronchi  and  vessels.     1 
may  become  varicose,  and,  on  account  of  the  loss  of  their  support,  small 
aneurisms  may  form  on  them,  and  these  may  rupture  or  become  eroded 
by  ulceration  and  give  rise  to  serious  haemorrhage.    The  cavities,  how- 
ever formed,  usually  increase  in  size,  not  only  by  progressive  ulceration 
of  their  walls  and  distension  by  long-continued  coughing,  but  1 

jged  upon  externally  by  the  contracting  fibrous  tissue  of  the  increa 
chronic  interstitial  pneumonia.  The  contents  of  the  cavities.  OOmp 
of  OS  may  become  decomposed  owing  to  the 

entrance  of  putrefactive  and  other  bacteria;   or  |  tic  bacteria  may 

gain  an  entrance,  giving  rise  to  local  suppuration,  whilst  even  septiea-mic 
or    pysomic   complications   sometimes   result   from  their   pn  The 

infective  contents  "i  the  cavities,  entering  the  larger  bronchi  and  trachea, 

may  lead  to  ulceration  of  these  st  nut  ui-s.  especially  marked  between  the 
I  of  cartilage  ;  and  this  ulceration  may  also  occur  in  the  larynx.     The 
pleura  over  the  chronic  cavities  often  becorOi  much  thickened  and 

adherent   to  the  chest  wall,  this  thickening  acting  as  a  protection 

perforation.    I         onally,  however,  perforation  cur — usually  in 

the  more  acute  Cases     and  pyo-pneumothorax  may  thus  result. 

Naked-eye  Appearances.     In  a  typical  case  of  chronic  phthisis,  the 

pleura  of  the   lung,  especially  at    01    OVCT  the  ap.x.   is   much  thick' •• 
and  dense  adhesions  to  the  parietal  hi  form.     Under thifl  thick- 

pleura,   and   usually   near  the   a;  or  more  in 

number,  of  the  character  already  described.     Ti.  :y  much 
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in  size.  They  may  be  small,  or,  in  other  cases,  a  single  cavity  may 
occupy  the  whole  of  the  upper  lobe  {see  fig.  326).  Throughout  the  rest 
of  the  lung,  thickened  bands  of  fibrous  tissue  are  seen,  amongst  which 


Fro.  32G. — Lung.    Chronic  Phthisis,  shewing  a  Large  irregular  cavity  in  the  upper  lobe. 

In  tho  lower  lobo  there  are  scattered  acute  nodulos  grouped  in  clusters  around  tho 
small  bronchi,  and  also  several  small,  more  acute  cavities.  The  bronchial  glands 
are  enlarged  and  caseous.  (Edinburgh  University  Anatomiral  Museum.  Catalogue 
No.,  R.  C.  g.  10.) 


there  are,  frequently,  smaller  cavities  present,  e.g.  especially  in  the  upper 

part  of  the  lower  lobe;  and.  in  and  between  the  EiblOUfl  tissue,  whitish  or 
yellowish-white  caseous  tuberculous  nodules  may  be  found,  giving  rise  t<» 
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the  so-called  flbro-caseous  tuberculosis.    The  bronchial  glands  may  shew 
small  or  large  areas  of  caseous  transformati- 
on   microscopical   examination,   such    chronic   tuberculous    nodules 
show  a  caseous  centre,  with  a  peripheral  fibio-cellulai  zone,  which  is 
often  pigmented,  cither  with  carbon-particles  or  with   altered   blood. 

Giant-Cells  are  always  found  in  this  fiblOUS  tissue;    and,  ^cd  with 

these  peribronchial  nodules,  a  varying  amount  of  interstitial  pneumonia 


Fio.  ft  7.     Chronic  Phthisis.    This  section  is  taken  from  a  part  in  which  oavity- 

fonnation  Lb  almost  absent.  It  shews  the  irregular  tuberculous  nodules  (with  caseous 
centre,  giant-cells,  and  fibro-oellnlar  zone-)  which  have  (used  to  form  dense  consoli- 
dated  the  "pseudo-glandular"  character  which  the  alveolar  spaces 

have  assumed  (c/.  Interstitial  Pneumonia).      X35. 

occurs  at  places,  often  giving  rise  to  dense  m;t  Nidation  in  which 

groups  1  is  tubercle-nodules  are  seen  (fig,  327). 

The  bronchial  glands  may  shew  minute  foci  of  tuberculosis,  with 
giant-cell  systems,  01  caseation  throughout.  Calcification  is  very  common  ; 
and  waxy  01  amyloid  degeneration  may  also,  in  some  instances,  especially 
in  very  chronic  cases,  be  demonstrable  in  them. 


HEMORRHAGE   FROM   PHTHISICAL   LUNGS  :— 

Haemorrhage  may  occur  at  various  periods  of  the  disease. 
cases  it  may  be  due  to  — 


In  early 
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(i)  The  softening  and  ulceration  of  a  peribronchial  tuberculous  nodule, 
forming  a  communication  between  a  bronchus  and  a  branch  of  the  pul- 
monary artery  (or  possibly  a  tributary  of  the  vein)  or  a  bronchial  vessel. 
This  is  probably  one  of  the  most  important  causes  of  early  haemoptysis. 

(ii)  The  ulceration  of  the  wall  of  a  cavity  opening  into  a  small  vessel. 
As  the  effused  blood  often  contains  B.  tuberculosis,  and  is  inhaled 
into  other  bronchi,  these  haemorrhages  may  give  rise  to  an  acute  spread 
of  the  disease,  the  blood  acting  as  a  "  culture-medium,"  as  it  were,  for 
the  growth  of  the  bacillus,  and  also  assisting  its  attack  by  acting  as  an 
irritating  foreign  body.  It  is  also  possible  that  some  of  the  bacilli  may 
get  into  the  blood  in  the  pulmonary  artery,  and  so  cause  an  acute  blood- 
spread. 

Later  in  the  course  of  the  disease,  haemorrhage  may  be  caused  by — 

(i)  The  ulceration  of  the  walls  of  a  cavity  eroding  and  opening  into 
blood-vessels. 

(ii)  The  engorgement  and  rupture  of  capillaries  in  the  vascular  walls 
of  cavities,  giving  rise  to  a  condition  of  oozing  from  the  walls. 

(iii)  Rupture  of,  or  erosion  into,  small  aneurisms  on  branches  of  the 
pulmonary  artery.  Such  rupture,  of  even  a  very  minute  aneurism  in 
the  walls  of  a  cavity  or  in  some  of  the  fibrous  bands  traversing  it,  may 
lead  to  a  fatal  haemorrhage. 

(iv)  Ulceration  into  a  tributary  of  the  pulmonary  vein  is  not  common, 
but  may  occur. 

(v)  Rapid  softening  and  breaking  down  of  a  large  area  of  lung-tissue 
may  cause  haemorrhage  by  opening  into  the  vessels.  Except  in  extremely 
acute  cases,  such  a  result  is  not  frequent,  because  the  vessels  round  the 
tuberculous  focus  usually  undergo  obliteration — the  tuberculous  area 
itself  being  thus  non-vascular. 

TUMOURS  OF  THE  LUNG  :— 

PRIMARY  TUMOURS  are  extremely  rare.  Osteomas,  chondromas, 
and  sarcomas,  occur,  but  the  most  usual  primary  tumours  are 
columnar-celled  cancers — originating,  probably,  from  some  part  of  the 
bronchi  or  from  the  mucous  glands — and  mesotheliomas  (endotheliomas) 
arising  from  the  endothelium  of  the  lymphatics  of  the  deeper  layer  of  the 
pleura. 

SECONDARY  TUMOURS  are  frequently  seen  in  the  lung.  All 
forms  of  sarcoma  and  of  cancer  may  occur.  Direct  spread  of  lympho- 
sarcomas of  the  mediastinal  glands  into  the  lung-tissue  is  common.  The 
secondary  growths  of  certain  tumours  of  bone,  especially  sarcomas — 
because  of  their  tendency  to  spread  by  the  blood-vessels— and  of  chorion- 
epithelioma,  have  their  seat  of  election  in  the  lungs. 

PARASITES  :— 

Hydatids  are  not  infrequent,  and  are  found  especially  in  the  right 
46 
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lower  lobe.  Of  the  others,  the  most  important  are  certain  lung-flukes 
(Paragonimus  ringeri,  P.  westermani,  and  P.  kellicotti)  the  ova  of  which 
are  found  in  the  sputum  (see  p.  390).  In  fllariasis,  the  Microfilaria  are 
found  congregated  in  the  blood-vessels  of  the  lung  during  the  periods  in 
which  they  are  absent  from  the  peripheral  blood.  FUaria  bronchlalis 
is  unusual  in  man.  Abscesses  caused  by  Entamoeba  histolytica,  and 
secondary  to  dysenteric  ulceration  of  the  into  or  to  amoebic  abscess 

of  the  liver,  are  occasionally  found.    These  conditions  are  discussed  in 
the  section  on  Animal  Parasites,  as  is  also  the  migration  of  AnkylosU 
via  the  lungs  and  bronchi,  on  its  way  from   the  skin-surface   to  its 
habitat,  the  upper  part  of  the  small  intestine. 


DISEASES   OF   THE    PLEURA 

HYDROTHORAX. — Normally,  the  pleural  cavity  contains  a  very 
slight  amount  of  fluid ;  but  there  may  be  an  increase  in  its  amount 
during  the  hours  before  death.  Thus,  a  small  amount  of  fluid  found  in  the 
pleural  cavities  at  a  post-mortem  examination  may  be  of  little  pathological 
significance.  Larger  accumulations,  however,  may  occur  as  part  of  a 
general  dropsy  in  cardiac  or  in  renal  disease,  and  to  this  condition  the 
term  Hydrothorax  is  applied.  They  are  usually  bilateral,  though  the 
amount  of  fluid  may  be  larger  in  one  pleural  cavity  than  in  the  other; 
but  a  unilateral  condition  may  occur,  as,  for  example,  from  pressure  on 
the  veins  of  one  side  by  tumours,  or  without  obvious  cause,  as  in  Bright 's 
disease,  in  which  this  unilateral  hydrothorax  is  sometimes  present.  The 
fluid  presents  the  ordinary  characters  of  a  serous  transudate.  The  pleura 
itself  may  become  diffusely  thickened  and  opaque,  or  even  oedematous, 
as  a  result  of  the  collection  of  fluid,  and  the  lungs  may  become  extensively 
collapsed.  If  adhesions  are  present,  these,  and  also  the  lung-tissue,  may 
become  oedematous,  and  no  fluid  may  be  found  in  the  pleural  sac. 

HEMORRHAGE. — Small  sub-pleural  ecchymoses  are  seen  in  various 
forms  of  infective  diseases  (e.g.  the  acute  fevers  and  septicaemias),  in 
blood-diseases  such  as  pernicious  anaemia,  in  purpura,  in  cases  of  asphyxia, 
and  in  some  cases  of  chronic  venous  congestion. 

Larger  Haemorrhages,  constituting  the  condition  of  Haemothorax, 
may  be  due  to  wounds  of  the  chest-wall  or  lung  causing  laceration  of 
blood-vessels,  to  fracture  of  the  ribs,  to  rupture  of  aneurisms  into  the 
pleural  sac,  or  to  the  presence  of  tumours.  Haemothorax  is  a  frequent 
complication  of  war-wounds  of  the  chest.  The  fluid  consists,  in  the  main, 
of  defibrinated  blood,  which  does  not  undergo  massive  clotting  when 
removed  from  the  chest.  The  lung  is  very  frequently  colla] 
especially  the  lower  lobe.  The  portion  of  the  lung  above  the  fluid  may 
shew  very  marked  emphysema. 

Very  often,  at  the  upper  limit  of  the  effused  blood,  are  found  loose 
fibrinous  adhesions  glueing  the  surface  of  the  lung  to  the  chest-wall ; 
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whereas,  in  the  area  of  effused  blood,  both  the  parietal  pleura  and  the 
collapsed  lung  become  coated  with  a  thick  layer  of  fibrin.  The  collapsed 
lung,  especially  if  it  is  not  lacerated,  very  rarely  shews  any  evidence  of 
pneumonia  or  even  acute  hyperaemia.  Infection  does  not  necessarily 
take  place,  but  may  occur  early  or  late  in  the  process.  In  the  infected 
cases,  the  exudate  contains  many  inflammatory  cells  (polymorphonuclear 
leucocytes,  etc.),  the  fibrin-deposit  on  the  pleura  is  more  marked,  and  there 
may  be  a  considerable  development  of  gas  from  the  gas-producing 
anaerobes.  This  gas  has  an  offensive  smell,  often  accumulates  under 
considerable  pressure,  and  may  be  'collected  above  the  septic  blood, 
isolated  by  adhesions,  or  may  occur  at  isolated  points  in  the  midst  of  an 
infected  haemothorax.  Henry  found  that  such  organisms  as  Pneumococei, 
B.  influenzcB  and  M .  tetragenus  were  found  in  twenty  per  cent,  of  his 
cases,  and  that,  in  the  remaining  eighty  per  cent.,  the  principal  organisms 
were  Streptococci,  Staphylococci,  and  anaerobic  gas-forming  bacilli,  and,  in 
approximately  fifty  per  cent,  of  his  infected  cases,  anaerobic  bacilli,  either 
alone  or  in  association  with  cocci,  were  found. 

In  aseptic  hemothorax,  the  fibrin  which  is  found  on  the  pleura  is 
probably  precipitated  fibrin  resulting  from  the  defibrination  brought 
about  by  the  cardiac  and  respiratory  movements. 

In  septic  hsemothorax,  in  addition  to  the  fibrin  seen  in  the  aseptic 
cases,  there  is  a  secondary  inflammatory  deposit  of  fibrin  from  the  pleural 
effusion.  This  may  be  very  slight,  or  a  thick,  ragged,  shaggy  spongework, 
containing  gelatinous  pus  in  its  interstices. 

The  source  of  the  blood,  in  these  cases  of  haemothorax  resulting  from 
gunshot  wounds,  may  be  the  vessels  in  the  chest-wall,  but,  after  careful 
observation,  Henry  and  Elliott  conclude  that,  in  the  majority  of  their 
cases,  the  haemorrhage  came  from  the  lacerated  vessels  in  the  lung. 

PNEUMOTHORAX. — The  accumulation  of  air  or  gas  in  the  pleural 
cavity,  for  which  this  term  is  used,  may  be  either  general,  or  localised 
by  adhesions.  It  may  be  due  to  the  entrance  of  air,  either  from  with- 
out, or  from  the  lung.  A  wound  of  the  chest-wall  or  a  wound  of  the 
lung  may  thus  give  rise  to  it,  or  it  may  be  caused  by  rupture  or  ulcera- 
tion of  the  lung-tissue.  The  ulceration  may  result  from  the  softening 
and  breaking  down  of  a  septic  infarct,  or  be  produced  in  a  minute 
bronchiectatic  or  tuberculous  cavity  which  is  in  direct  communication 
with  a  bronchus;  and,  in  either  case,  it  may  produce  a  communication 
between  the  air-tissue  of  the  lung  and  the  pleural  cavity.  Rupture  of 
the  lung-tissue  may  occur  during  excessive  exertion — for  example,  during 
the  paroxysms  of  whooping-cough  or  a  severe  attack  of  coughing, 
especially  if  the  lung  is  emphysematous. 

The  condition  is  also,  but  much  less  commonly,  produced  by  the 
ulceration  of  a  suppurating  or  tuberculous  bronchial  gland  into  a 
bronchus  and  also  into  the  pleural  cavity ;  or  by  the  perforation  into  the 
pleural  cavity  of  an  ulcer  of  the  stomach  which  has  become  adherent 
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to  the  diaphragm.    It  may  bi  formed  by  the  organ 

during  life.     These  are  usually  ai.  y  and  Klliott1  found  that 

this  was  the  general  type  of  pneumothorax  resulting  from  wounds  of  the 
thorax,  and  that  the  presence  of  air  derived  from  the  lung  itself  was 
uncommon.     No  doubt  some  air  inn  through  the  damaged  lung- 

tissue,  but,  apparently,  this  is  small  in  amount  and  is  soon  absorbed. 

Results. — The  most  important  complications  or  sequela}  of  this 
condition  are  collapse  of  the  lungs,  and,  especially  if  septic  organisms  are 
introduced,  inflammation,  suppuration,  haemorrhage,  etc.,  and  the 
production  of  pyo-  and  haemo-pneumothorax. 

ACUTE  INFLAMMATION  (PLEURISY  or  PLEURITIS)  may  result 
from  local  or  from  general  causes.  Among  the  local  causes,  the  most 
important  is  extension  of  the  inflammatory  process  from  adjacent  parts — 
for  example,  from  the  lungs  in  cases  of  pneumonia,  septic  infarction, 
gangrene,  or  tuberculosis :  from  the  heart  in  pericarditis  :  from  acute 
inflammatory  conditions  of  the  mediastinum,  of  the  ribs,  or  of  the  chest - 
w  all :  from  the  abdomen,  by  way  of  the  lymphatics  of  the  diaphragm, 
in  peritonitis  or  in  other  abdominal  affections;  or  it  may  be  due  to 
traumatism  of  the  chest-wall  or  of  the  lung.  In  the  group  of  general 
causes,  those  conditions  which  involve  the  pleurae  by  way  of  the  circulating 
blood  may  be  mentioned.  In  the  main,  the  irritants  are  of  bacterial 
or  toxic  origin,  though  the  nature  of  some  is  obscure  or  entirely  unknown. 
Cases  of  pleurisy  which  occur  in  pyaemia  and  septicaemia,  acute  rheuma- 
tism and  other  acute  infective  diseases,  and  in  tuberculosis,  are,  no  doubt, 
due  to  the  direct  action  of  bacteria  or  of  the  poisons  produced  by  them. 
A  possible  cause  of  the  pleurisy  which  occurs  in  some  cases  of  Bright's 
disease  and  scurvy  is  the  presence  of  some  metabolic  poison  which  may 
act  in  a  similar  way  to  the  toxins  of  bacteria ;  but,  in  the  majority  of  such 
cases,  these  poisons — if  present — merely  predispose  the  tissues  to  organ- 
ismal  infection .  Certain  forms  of  pleurisy  are  secondary  to  tuberculosis  or 
cancer  of  the  pleura.  When,  however,  all  these  causes  have  been  exelu< Led , 
there  still  remains  a  small  residuum  of  cases  in  which  the  origin  of  the  con- 
dition is  uncertain.  These,  until  their  cause  has  been  ascertained,  are 
classed  a  of  idiopathic  pleurisy.     Some  of  these  are  undoubtedly 

tuberculous  in  origin,  and,  if  .  oatic  and  thorough  examination  \ 

made  by  inoculation  into  guinea-pigs,  we  feel  sure  that  the  number  of 
so-called  idiopathic  cases  would  be  very  small. 

Morbid  Anatomy. — Several  forms  of  acute  pleurisy  may  be  distin- 
guished, though  one  form,  ai  a  latex  period,  often  :  ato  another. 
Of  these,  the  most  important  are  the  dry  or  fibrinous,  the  serous  ox  sero- 
fibrinous, the  purulent,  and  the  haemorrhagic.  An  acute  attack  is  often 
Buperimposed  on  a  chronic  one.  and  fibrin  may  be  deposited  on  the 

thickened  and  adherent    pleura.      Thus,  a  new  attack  of  acute    pleurisy 
may  occur  in  portions  of  pleura  still  unobliterated  by  adhesions  du< 

1  Herbert  Henrv  and  T.  R.  Elliott,   u  The  Morbid  Anatomy  of  Wound-  of  the 
Thorax,"  Jour.  BJLji.i  .,  vol.  xxvii.,  1916,  p. 
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a  previous  pleurisy  which  may  have  been  caused  by  the  same,  or  by  some 
other,  variety  of  organism. 

(a)  Dry  or  Fibrinous  Pleurisy. — This  begins  with  the  usual  inflam- 
matory phenomena  of  dilatation  of  vessels,  exudation  of  lymph,  and 
emigration  of  leucocytes.  The  lymph  becomes  coagulated,  and  is  depos- 
ited in  the  form  of  fibrin  on  the  pleural  surface.  This  lymph,  at  first 
a  thin  white  or  greyish  pellicle,  soon  becomes  yellowish,  and  increases 
considerably  in  thickness.  The  process  may  be  confined  to  small  localised 
areas  of  the  pleura;  or  may  be  very  widely  spread.    The  microscopical 


Fig.  328. — Acute  Pleurisy.     Shewing  a  deposit  of  fibrin  and  leucocytes  on  the 
surface  of  the  pleura,     x  60. 

appearances  are  in  no  way  different  from  those  of  an  ordinary  inflam- 
matory exudate  on  any  serous  surface.  The  deposit  generally  takes  place 
on  both  the  visceral  and  the  costal  pleura;  and  adhesions  between  these 
two  surfaces,  or  between  the  adjacent  layers  of  visceral  pleura  lining 
the  inter-lobar  sulci,  are  thus  formed.  The  exudate  may,  at  a  later 
period,  be  absorbed;  or  definite  organisation  and  the  formation  of  con- 
nective tissue,  diffusely  or  in  bands,  be  produced.  If  adhesions  do  not 
take  place,  the  organisation  leads  to  chronic  thickening  of  the  pleura. 
The  organisms  concerned  in  this  process  are  probably  mainly  Strepto- 
cocci (e.  g.  S.  rheumalicus)  and  the  Pneumoooccus. 
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(b)  Serous  or  Sero-Fibrinous  Pleurisy.— This  may  be  a  further  stage 
of  the  fibrinous  variety;  but,  frequent  1  v.  the  exudation  ocean 

early  in  the  inflammatory  process,  and  develops  very  rapidly.  The 
amount  of  fluid  is  determined,  to  some  extent,  by  the  presence  or  abs< 
of  adhesions  in  the  pleural  sac;  and,  if  there  are  no  adhesions,  the  sac 
may  be  almost  completely  filled  with  fluid,  the  lung  being  pressed  back- 
wards and  inwards  towards  its  root,  and  becoming  practically  completely 
collapsed;  and  the  heart  and  pericardium  displaced  towards  the  middle 
line  or  to  the  opposite  side  of  the  chest.  The  pleura  itself  shews  a  r 
or  less  extensive  coating  of  fibrinous  exudate. 

Characters  of  the  Fluid. — The  serous  exudate,  if  rapidly  formed, 
closely  resembles  dropsical  fluid,  but,  usually,  it  contains  more  albu- 
minous material.  Leucocytes  may  be  scanty  or  very  numerous.  Their 
characters  vary  with  the  nature  of  the  causal  condition  and  the  acut* 
of  the  process.  Thus,  in  the  pleural  inflammations  caused  by  pyogenetic 
organisms,  e.  g.  Pneumococci,  Staphylococci,  or  Streptococci,  the  poly- 
morphonuclear leucocytes  predominate  in  the  early  stages;  whereas,  in 
those  caused  by  B.  tuberculosis,  the  lymphocytes,  or  cells  indistinguish- 
able from  these,  are  the  principal  cells  present.  Again,  in  more 
chronic  inflammatory  cases,  the  proportion  of  mononucleated  cells  of 
various  kinds  is  considerably  increased. 

Results  of  the  Process. — The  fluid  may  become  absorbed,  and  the 
epithelium  be  restored  to  its  normal  condition.  More  frequently, 
however,  adhesions  are  formed,  at  first  delicate  and  somewhat  cellular, 
but,  later,  composed  of  dense  fibrous  tissue,  by  which  the  lung  and  chest  - 
wall  become  closely  bound  in  apposition  to  one  another.  In  certain  cases, 
fibrous  bands  of  considerable  length  pass  between  the  lung  and  the 
chest-wall. 

(c)  Purulent  Pleurisy  (Empyema). — This  condition  is  sometimes 
secondary  to  other  forms  of  pleurisy,  but,  more  commonly,  it  is  a  suppura- 
tive affection  from  the  beginning.  It  is  very  difficult  and.  in  many  c. 
impossible,  to  draw  a  clear  distinction  between  pleurisy  and  empyema. 
Both  are  inflammatory  processes  caused  by  bacteria,  and,  whether  the 
condition  is  suppurative  or  what  is  called  non-suppurative,  depends  on 
various  factors,  e.g.  duration,  character  of  organisms,  etc. 

etiology. — The  suppurative  process  may  spread  directly  from  the 
lung  in  cases  of  acute  lobar  pneumonia,  septic  pneumonia,  septic  infarction, 
bronchiectasis,  abscess  of  the  lung,  or  tuberculn-i-.  especially  where  a 
cavity  has  perforated ;  it  may  be  secondary  to  diseases  of  the  chest-wall. 
e.g.  ribs,  and  occasionally  the  vertebrae:  or  to  peritonitis  or  to  any  sup- 
purative condition  below  the  diaphragm  in  connection  with  the  liver, 
spleen,  stomach,  or  intestines;  or  it  may  arise  in  the  course  of  pyaemia, 
the  infective  agent  being  carried  to  the  pleura  by  the  blood-stream. 
Of  the  organisms  found,  either  alone  or  in  association  with  one  another. 
the  commonest  are  the  Pneumococcus  and  the  Streptococcus  pyogenes; 
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Staphylococci  and  B.  pneumonia  are  not  infrequently  found,  and 
B.  tuberculosis  is  sometimes  the  causal  organism,  especially  in  cases 
arising  from  the  rupture  of  a  tuberculous  focus  in  the  lung  or  else- 
where. In  individual  cases,  B.  coli  communis,  M.  tetragenus,  Streptoihrix 
actinomyces,  various  forms  of  Leptothrix,  etc.,  have  each  been  described 
as  the  only  organisms  present,  and,  therefore,  possibly  causal  of  the 
condition.  In  certain  cases,  the  purulent  fluid  has  a  very  foul  odour, 
and,  in  these  so-called  "  putrid  empyemas,"  various  large,  and  at 
present  unclassified,  bacilli  have  been  demonstrated.  In  such  cases, 
gas  is  often  present. 

Sites. — The  collection  of  pus  is  found  at  any  part  of  the  pleural 
cavity,  but  its  commonest  situation  is  over  the  lower  and  outer  aspect 
of  the  lower  lobe.  If  there  are  no  adhesions,  the  spread  becomes 
general,  and  an  enormous  quantity  of  pus — usually  pale  greenish-  or 
yellowish-white  in  colour,  varying  in  consistence,  and  perhaps  containing 
shreds  of  coagulated  lymph — collects.  The  purulent  exudate  is 
sometimes  confined  to  the  surface  of  the  diaphragm  or  to  an  inter- 
lobar sulcus. 

Results. — These  may  be  classified  as  follows  : — 

1.  Collapse  of  the  lung  takes  place  to  a  varying  degree,  depending  on 
the  amount  of  fluid,  and  on  the  extent  of  the  adhesions,  if  present. 

2.  The  pus  sometimes  burrows,  especially  along  the  fines  of  the 
intercostal  spaces,  and  accumulates  in  the  subcutaneous  tissues  of  the 
thorax :  or  it  may  make  its  way  downwards  between  the  pillars  of  the 
diaphragm,  and  form  an  abscess  round  the  kidney,  or  it  may  even  reach 
and  come  to  the  surface  in  the  inguinal  or  gluteal  regions. 

3.  Perforation  into  the  lung  and  partial  evacuation  of  the  contents 
through  the  bronchi  may  take  place,  giving  rise  to  purulent  expectoration, 
with  inflammation  in  both  the  bronchi  and  the  tissue  of  the  lung.  Air 
sometimes  enters  the  pleural  cavity  by  this  new  channel,  and  gives  rise 
to  pyo-pneumothorax  ;  and,  if  putrefactive  bacteria  gain  admission,  the 
pus  assumes  a  very  putrid  character. 

4.  The  fluid  part  of  the  pus  may  undergo  absorption,  leaving  inspiss- 
ated caseous  material  which  becomes  calcified,  and — the  pleura  becoming 
greatly  thickened — re-expansion  of  the  collapsed  lung,  which  has  become 
extensively  fibrous,  is  prevented.  The  chest-wall  is  dragged  in,  and 
the  pericardium  and  heart,  as  well  as  the  opposite  lung,  may  be  pulled 
across  the  middle  line. 

(d)  Hemorrhagic  Pleurisy. — The  only  special  character  presented 
by  this  variety  is  that  the  fluid  contains  a  considerable  amount  of  blood, 
and,  in  some  cases,  the  exudate  is  composed  of  this  almost  entirely. 
The  condition  is  associated  especially  with  tuberculous  and  malignant 
diseases  of  the  lungs  and  pleura.  In  cases  of  malignant  disease,  tumour- 
cells  are  sometimes  recognised  in  the  fluid;  but,  unless  they  occur 
in  distinct  clumps  and  masses,  it  is  often  extremely  difficult,  or  even 
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Fig.  32it. — Mesothelioma  {"  Endothelioma  ")  of  Lung.     Masses  of  tumour-cells 
in  pleural  fluid,      x  75. 


i.'itlioma  ("  Endothelioma  ")  of  Lung.     Masses  «'f  tumour-cells 
in  pleural  fluid.     :■ 
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impossible,  to  distinguish  them  from  some  of  the  mononucleated  cells 
which  are  present  in  the  exudate  in  cases  of  pleurisy.  Hemorrhagic 
effusion  may  occur  also  in  the  pleurisy,  sometimes  found  in  Bright's 
disease,  in  certain  blood-diseases,  in  scurvy,  or  similar  conditions. 

CHRONIC  PLEURISY.— This  term  is  generally  applied  to  a  fibrous 
thickening  of  the  visceral  layer  of  the  pleura,  the  result  of  repeated 
acute  attacks,  or  of  that  proliferative  and  protective  process,  which  is 
found  especially  in  cases  of  chronic  phthisis. 

Localised  chronic  fibrous  thickenings  of  the  pleura  have  been  referred 
to  under  the  various  forms  of  chronic  interstitial  pneumonia.  They  are 
common  in  elderly  people,  and  occur  specially  at  the  points  where  the 


Fig.  331. — Pleural  Fluid  (film  of  centrifugalised  deposit),  from  a  case  of 
lymphosarcoma  of  mediastinal  glands  invading  lung  and  pleura.      X  300. 

inter-lobular  septa  meet  the  deep  layer  of  the  pleura.  They  may  be 
formed  around  accumulations  of  pigment,  or  of  other  foreign  material 
such  as  stone-particles,  etc.,  or — if  not,  as  they  frequently  are,  of  chronic 
tuberculous  nature — are  probably  due  to  obliterative  changes  in  small 
vessels. 

TUBERCULOSIS  OF  THE  PLEURA  :— 

This  condition  is  either  primary  or  secondary.  The  former  is  said  to 
be  rare,  but,  according  to  the  work  of  Washbourn,  the  condition  is  much 
commoner  than  is  generally  supposed.  In  these  primary  cases,  the 
appearances  resemble  very  closely  those  seen  in  acute  non-tuberculous 
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Fig.  332. — Pleural  Fluid,  shewing  lymphosarcoma  cells  and  red  blood-corpuscles, 
from  a  case  of  lymphosarcoma  of  the  lung.      X  300. 


Fio.  333. — Pleural  Fluid,  from  a  of  th«'  In:  ion  of 

fibrinous  clot  shewing  littlo  entangled  olompa  of  tumour-cells,     x  1"". 
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pleurisy.  The  exudate,  however,  is  usually  rich  in  lymphocytes,  and  the 
presence  of  B.  tuberculosis,  where  microscopical  examination  fails  to 
demonstrate  it,  may  be  detected  by  inoculation-experiments.  It  is  not 
uncommon,  especially  in  children,  to  find  Sirepto-  and  Pneumo-cocci  in 
addition  to  B.  tuberculosis,  in  which  case  the  exudate  may  contain 
polymorphonuclear  leucocytes  in  great  abundance. 

The  secondary  forms  have  been  described  under  Tuberculosis  of 
the  Lungs. 

TUMOURS  :— 

Primary  Tumours  are  rare.  Fibromas,  lipomas,  chondromas,  osteomas, 
sarcomas  (especially  the  spindle-celled  variety),  and  cancer,  have  been 
described.  Primary  mesotheliomas  (endotheliomas),  starting  in  the 
lymphatics  of  the  deep  layer  of  the  pleura,  occur. 

Secondary  Growths  of  sarcomas  and  carcinomas  are  of  more  frequent 
occurrence. 

PARASITES  :— 

Echinococcus  cysts  (Hydatids)  are  the  only  important  parasites  found 
in  the  pleural  cavity. 


CHAPTER  XIX 

DISEASES   OF  THE   DIGESTIVE   SYSTEM 

DISEASES   OF  THE   MOUTH 

MALFORMATIONS:— 

Various  clefts  and  fissures  have  been  described  in  connection  with  the 
lower  lip,  the  palate  and  nasal  bones,  etc.,  but  the  most  frequent  develop- 
mental defects,  in  this  region,  are  cleft-palate  and  hare-lip.  To  understand 
these  abnormalities,  it  is  necessary  to  remember  that,  in  the  development 
of  the  primitive  palate.  1  here  are  three  parts  concerned  :  (1)  a  premaxillary 


Fig.  334. — Single  Hare-lip  with  cleft-palate.     (From  a  case  of  Sir  Harold  Stile?.) 

and  vomerine  part  developed  between  the  nasal  passages,  and  (2)  a  right 
and  (3)  left  maxillary  part,  laid  down  on  the  outer  aspect  of  each  i 
and,  further,  that,  in  the  formation  of  the  lace,  five  processes,  which 
begin  to  spring  from  the  base  of  the  primitive  cerebral  capsule  towards 
the  end  of  the  third  week  of  foetal  life,  have  to  be  considered.  These  five 
are  illustrated  in  fig.  335,  and  the  two,  which  are  of  special  import, 
in  the  formation  of  the  lips  and  palate  are  t he  nasal,  composed  of 
symmetrical  right  and  left  halves,  and  the  maxillary,  processes. 

The  mesial  nasal  process  forms  the  whole  septum  of  the  nose,  the 
premaxillary  part  of  the  upper  jaw  and  the  middle  third  of  the  Upper  lip. 

The  maxillary  process,  in  front,  comes  in  contact  and  fuses  with  that 
part  of  the  mesial  nasal  process  which  forms  the  premaxillary  part  of  the 
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upper  jaw  and  the  middle  part  of  the  upper  lip.  The  hard  palate  (with  the 
exception  of  the  premaxillary  part)  is  formed  by  a  horizontal  plate  which 
grows  inwTards  from  the  maxillary  process  on  each  side  and  fuses  with  the 
plate  of  the  opposite  side.     The  hues  of  union  are  indicated  in  fig.  335. 

In  hare-lip,  there  is  a  failure  of  union  between  the  mesial  nasal  process 
which  forms  the  middle  third  of  the  upper  lip  and  the  maxillary  process 
which  form  the  lateral  parts.  This  failure  of  union  may  be  unilateral 
or  bilateral,  producing  single  or  double  hare-lip  respectively,  or  it  may 
occur  only  to  a  limited  degree  on  one  side,  and  may  be  represented  by 
a  mere  notch  on  the  margin  of  the  lip. 

In  cleft  palate,  all  degrees  of  non-union  are  found — from  a  slight 


Fig.  337 — Double  Hare-lip,  shewing  the 
premaxillary  mass,  etc.,  front  view. 


Fig.  338. — Side-view  of  same  shewing 
projecting  premaxillary  mass. 

(From  a  case  of  Sir  Harold  Stiles.) 


splitting  of  the  uvula  posteriorly  to  complete  fissure  of  the  palate,  with 
cleft  of  the  lip  on  each  side.  The  cleft  in  the  palate  will  necessarily 
always  be  single  and  mesial  behind  the  premaxillary  bone,  but  anteriorly 
it  may  run  on  one  or  both  sides  of  the  premaxilla. 

A  condition  of  median  hare-lip  in  man  has  been  described,  but  it  is 
so  rare  that  it  is  not  necessary  for  us  to  discuss  its  method  of  formation. 

Under  the  terms  Macroglossia  and  Macrocheilia,  congenital  enlarge- 
ments of  the  tongue  and  of  the  lips  respectively  are  usually  described. 
Macroglossia,  or  enlargement  of  the  tongue,  may  occur  in  Acromegaly, 
the  enlargement  being  due  partly  to  the  thickening  of  the  mucous  mem- 
brane, and  partly  to  the  increase  of  the  inter-muscular  cellular  tissue. 
Lymphangiomatous  enlargement,  due  to  distension  of  the  lymphatic 
spaces,  with  subsequent  thickening  and  induration  of  the  lingual  tissue, 
is  perhaps  the  most  usual  form  of  macroglossia.    Muscular  enlargement, 
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due  to  an  increase  in  the  number  and  size  of  the  muscular  fibres,  has 
been  described  in  cretins  and  congenital  idiots. 

In  Lymphatism,  the  papillae  and  lymphoid  tissue  at  the  root  of  the 
tongue  are  often  considerably  hypertrophied,  a  point  of  some  importance 
in  the  diagnosis  of  the  condition  during  life. 

Abnormal  fixation  of  the  tongue — Ankyloglossia — may  be  due  to 
imperfect  development  of  the  tongue  or  to  a  short  and  adherent  fraenum. 

DEGENERATIONS  :— 

Waxy  or  amyloid  degeneration  has  been  described  as  occurring  in  the 
tongue,  and  fatty  changes  are  seen  in  wasting  diseases;  but  both  con- 
ditions are  unimportant.  In  myxcedema,  the  degenerative  changes  are 
usually  well  marked  in  the  tongue. 

ATROPHY  of  the  tongue  may  occur  in  association  with  degenerative 
changes  in  the  nucleus  of  the  hypoglossal  nerve,  as  in  bulbar  paralysis. 

INFLAMMATION  :— 

Inflammation  of  the  mucous  membrane  of  the  mouth  (stomatitis) 
may  occur  in  varying  degrees. 

(a)  CATARRH. — This  condition  occurs  in  acute  fevers,  e.g.  typhus, 
typhoid,  and  scarlet  fevers,  etc.,  and  it  also  arises  from  the  irritation  of 
carious  teeth  and  similar  causes.  The  mucous  membrane  becomes  red 
and  swollen,  and  there  is  a  great  increase  in  the  desquamation  of  the 
surface  epithelium,  and  also  in  lymph-transudation  and  leucocyte-emigra- 
tion. The  desquamated  epithelium  becomes  mixed  with  the  exuded  fluid 
and  the  leucocytes,  and  a  thick  layer  may  gather,  especially  upon  the 
tongue — "  Furred  tongue."  In  this  "  fur,"  various  bacteria,  mostly 
normal  inhabitants  of  the  mouth,  are  found  in  large  numbers.1  Fre- 
quently, the  inflammatory  process  specially  affects  the  mucous  glands, 
so  that  prominent  nodules  or  even  vesicles  are  formed.  This  condition  of 
follicular  stomatitis  may  lead,  by  rupture  of  the  vesicles,  to  follicular 
ulceration. 

(b)  APHTHOUS  STOMATITIS  (Thrush)  occurs  principally  in  young 
and  unhealthy  children,  but  may  also  attack  weakened  adults.  The 
condition  is  due  to  the  presence  of  a  fungus — O'idium  albicans  or 
Saccharomyces  albicans — and  is  distinguished  by  the  presence  on  the 
mucous  membrane,  especially  of  the  lower  lips  and  gums,  of  irregular, 
opaque,  whitish  areas.  These  patches  are  more  or  less  adherent,  and  are 
composed  of  masses  of  desquamated  epithelium  united  by  branching 
threads,  consisting  of  the  elongated  cells  and  spores  of  the  fungus. 

(c)  GANGRENOUS  STOMATITIS  (Noma  or  Cancrum  oris)  affects  the 
mucous  membrane  of  the  cheeks  in  badly-nourished  children,  especially 

1  An  extraordinary  degree  of  hyperplasia  of  the  filiform  lingual  papillae  (up  to 
half-an-inch  in  length)  has  been  observed  by  Carnegie  Dickson,  in  a  case  of  mycosis 
of  the  tongue,  the  organism  associated  with  the  condition  being  Rhizopus  niger.  The 
glossitis,  in  this  case,  was  characterised  by  marked  hyperkeratosis  of  the  papillary 
filaments,  and  by  blackish  pigmentation — Melanoglossia. 
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in  those  recovering  from  some  severe  illness,  such  as  measles  or  s( 
fever.  At  first,  there  is  seen  on  the  outer  surface  of  the  cheek  a  diffuse 
swelling — firm  and  red,  with,  as  .a  rule,  a  darker  centre.  The  inner  Bide 
of  the  cheek  shews  an  intense  inflammatory  reaction,  with,  usually,  a 
central  irregular  ulcer,  at  the  base  of  which  there  is  a  dark  sloughing  mass. 
The  condition  spreads  extremely  rapidly,  with  extension  to,  and  necrosis 
of,  all  the  tissues  of  the  cheeks  and  lips.  It  commonly  involves  the  gums 
also,  and  even  necrosis  of  the  jaw  may  result.  The  advancing  edge  is 
always  intensely  red,  and  shews  all  the  usual  phenomena  of  inflammatory 
reaction  in  a  very  marked  degree.  Pseudo-diphtheria  bacilli,  B.  fusi- 
formis,  various  spirochetes,  Leptothrix-like  organisms,  streptobacilli,  and 
other  bacteria,  have  been  found  in  the  necrosed  and  necrosing  tissue ;  but 
the  specific  pathogenetic  relationship  of  any  one  of  these  to  the  disease 
has  not  been  established. 

(d)  Other  forms  of  STOMATITIS  may  occur,  giving  rise  to  necrotic 
and  ulcerative  changes.  In  smallpox,  the  vesicles  which  form  in  the  mouth 
may  rupture  and  give  rise  to  ulcers.  In  scurvy,  the  spongy  swelling  of 
the  gums  may  result  in  ulceration  round,  and  loosening  of,  the  teeth,  or 
even  in  necrosis  of  the  bones  of  the  jaw.  In  the  severe  form  of  stomatitis 
due  to  the  prolonged  absorption  of  mercury,  there  is  always  associated 
pyorrhoea,  the  mucous  membrane  of  the  gums  and  cheeks  becomes  very 
much  swollen,  the  teeth  may  become  loosened  and  drop  out,  and  ulceration 
of  the  gums  frequently  follows. 

INFLAMMATION  OF  THE  TONGUE  OR  GLOSSITIS  (see  aho  wider 
Catarrh,  p.  735),  most  commonly  occurs  as  a  result  of  injury  from  without ; 
but  it  may  be  produced  by  the  irritation  of  carious  teeth,  or  by  the  exten- 
sion of  a  neighbouring  erysipelatous  area.  The  whole  organ  becomes 
swollen,  and  the  tissues  are  infiltrated  with  inflammatory  products,  but 
suppuration  very  rarely  occurs.  The  condition  sometimes  persists  and 
assumes  a  chronic  form,  bluish-white,  pearly  patches — which  may  be 
smooth  or  warty,  and  which  are  due  to  a  hyperplasia  of  the  epithelium, 
with  usually  some  evidence  of  chronic  inflammatory  change  in  the  deeper 
tissues — appearing  on  the  tongue.  To  this  condition,  various  names,  such 
as  Leucoplakia,  Keratosis,  Psoriasis,  Tylosis,  Ichthyosis,  etc.,  have  been 
given.  According  to  Hunter,  glossitis  is  a  common  precursor  of  pernicious 
anaemia. 

GRANULOMATA  :— 

(a)  SYPHILIS  presents  itself  in  various  forms  in  the  mouth.  The 
lesions  are  frequently  secondary,  but  the  primary  chancre  may  occur 
in  this  situation,  especially  on  the  lips.  Of  the  secondary  lesions,  the 
commonest  are  the  mucous  patches,  flat  condylomata,  or  warts,  which 
frequently  break  down  to  form  superficial  ulcers.  Gummata,  if  deeply 
situated,  may  give  rise  to  extensive  necrosis  and  ulceration,  with  con- 
siderable loss  of  substance  of  the  tongue  and  neighbouring  parts.    The 
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healing  of  these  deep  ulcers  gives  rise  to  large  areas  of  cicatrisation, 
which  may  lead  to  deformity  of  the  tongue. 

(b)  TUBERCULOSIS  is  comparatively  uncommon  in  the  mouth, 
and  is  usually  secondary  to  affections  of  the  pharynx  or  larynx,  or  to 
pulmonary  tuberculosis.  The  ulceration,  which  sometimes  simulates  very 
closely  epithelioma,  usually  occurs  on  the  dorsum  or  at  the  margins 
of  the  tongue;  but  tuberculous  nodules  may  also  be  found  at  its  root. 
Small  nodular  masses  are  formed,  which  undergo  caseation,  and  in 
some  cases  ulceration.  "  Tuberculous  papillomata  "  have  been  described, 
but  these  are  usually  masses  of  granulation  tissue  formed  in  connection 
with  fissures  of  the  tongue,  and  subsequently  infected  with  B.  tuberculosis. 
Lupus  of  the  face  may  spread  so  as  to  involve  the  mouth. 

(c)  LEPROSY. — Nodular  masses  of  granulation-tissue,  similar  to  those 
found  in  the  skin,  occur  in  the  mucous  membranes  of  the  mouth 
and  tongue. 

(d)  ACTINOMYCOSIS  and  other  mycotic  infections  may  invade  the 
tongue  (see  p.  240,  General  Pathology ;  and  note  on  p.  735). 

TUMOURS  AND  CYSTS  :— 

Simple  tumours,  such  as  flbromas,  lipomas,  myxomas,  chondromas, 
and  papillomas,  occur  in  the  submucous  tissue  of  the  mouth  or  tongue. 
Angiomas,  composed  both  of  blood-vessels  (Hsemangiomas)  and  of 
lymphatic  vessels  (Lymphangiomas),  are  found  on  the  tongue  and  lips. 


Fig.  339. — Squamous  Epithelioma  of  Lip.  Shewing  ulceration  of  the  irregular  warty-looking 
tumour,  with  raised  indurated  edges.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  T.  C.  a.  6.) 

Sarcomas  are  rare,  unless  they  have  extended  from  other  parts,  e.  g. 
a  myeloid  sarcoma,  growing  from  the  jaw,  may  form  a  projecting  mass 
in  the  mouth.  Carcinomas  are  the  most  important  tumours  of  the  mouth. 
They  are  very  common,  and  are  generally  epitheliomas  of  squamous- 
celled  type,  their  most  frequent  sites  being  the  lower  lip  and  the  tongue 
(see  fig.  339). 

Cystic  formation,  due  to  the  blocking  of  the  ducts  of  mucous  glands, 
occurs  upon  the  tongue  and  the  lips,  and  one  form  (Ranula),  due  to 
47 
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closure  and  distension  of  the  duct  of  a  mucous  gland,  or  of  the  submaxillary 
or  sublingual  glands,  occurs  beneath  the  tongue  (see  pp.  344  and  741). 
Dermoid  cysts  due  to  developmental  irregularities  in  the  obliteration  of 
branchial  clefts,  etc.,  may  occur. 

DISEASES   OF   THE   TEETH 

Only  the  very  briefest  reference  need  here  be  made  to  some  of  the 
commoner  affections  of  the  teeth. 

1.  Caries  of  the  teeth  consists  in  the  gradual  solution  of  the  lime-si 
with  softening  and  disintegration  of  the  enamel  and  the  dentine,  and  the 
formation  of  a  somewhat  granular,  brown  or  brownish-black  detritus.  In 
this  degenerated  material,  numerous  spirochetes,  Leptothrix  filaments  and 
other  bacteria  are  found,  and  are  considered  by  some  authorities  as  causal. 
The  bacteria  probably  act  by  producing  acids,  which  attack  thinned  or  fissured 
portions  of  the  enamel.  The  destructive  processes  may  penetrate  to  the  pulp 
of  the  teeth,  and  there  set  up  inflammation  and  suppuration,  producing, 
secondarily,  alveolar  abscesses  (gumboils),  or  even  necrosis  of  the  jaw.  In- 
flammation, suppuration,  and  abscess-formation  in  the  gums,  may  occur 
independently  of  dental  caries. 

2.  Congenital  Syphilis  gives  rise  to  the  characteristic  "  Hutchinson's  teeth." 
The  upper  central  incisors  are  narrow  and  pointed  (peg-shaped),  the  cutting 
edge  being  smaller  than  the  base  of  the  crown,  and  having  on  it  a  well-marked 
crescentic  notch. 

3.  Tumours  and  Cysts. — The  cement-substance  occasionally  shews  a 
hypertrophic  condition,  sometimes  described  as  an  exostosis  or  osteoma. 
It  is  really  the  result  of  chronic  inflammatory  changes,  and  not  a  true  tumour. 
Odontoma  is  the  name  given  to  a  tumour  which  arises,  as  a  result  of  mal- 
development,  from  teeth  retained  in  the  alveoli.  It  is  composed  of  dentine 
and  enamel. 

Dentigerous  Cysts  are  produced  by  dilatation  of  the  dental  follicles.  These 
sometimes  reach  a  large  size. 

DISEASES    OF   THE  JAW 

INFLAMMATION  :— 

Diffuse  periostitis  may  follow  an  injury,  the  irritation  of  a  dental 
plate,  sepsis  or  caries  of  the  teeth,  prolonged  exposure  to  the  fumes  of 
yellow  phosphorus,  or  the  administration  of  mercury,  and  it  is  sometimes 
a  sequel  of  some  of  the  acute  infective  diseases.  More  commonly,  how- 
ever, the  inflammatory  condition  is  localised,  forming  an  acute  alveolar 
abscess  or  a  more  chronic  condition,  such  as  pyorrhoea  alveolaris.  In  the 
former  condition,  the  infective  agent  generally  gains  entrance  through  a 
carious  area  in  a  tooth,  and,  spreading  to  the  pulp,  infects  the  deeper 
parts  of  the  socket.  The  cement  may  become  detached  from  the  peri- 
osteum, the  pus  raising  up  the  tissues  and  forming  an  abscess  outside  the 
bone,  and,  eventually,  passing  out  through  the  gum  on  a  level  with  the 
apex  of  the  affected  fang  or  between  the  gum  and  the  neck  of  the  tooth. 
More  rarely,  the  opening  is  into  the  antrum,  or  externally,  through  the 
cheek.    Pyorrhoea  alveolaris  is  usually  at  first  confined  to  one  or  two 
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teeth,  especially  the  lower  incisors.  It  is  also  seen  round  "  crowned  " 
teeth.  Later,  unless  treated,  it  tends  to  spread  until  all  the  teeth  have 
become  involved.  There  is  usually  marked  congestion  of  the  gums  and 
some  haemorrhage.  With  ulceration  and  destruction  of  the  periodontal 
membrane,  the  alveolar  margin  is  gradually  absorbed,  and  pockets 
are  left  between  the  teeth  and  the  swollen  gum,  pus  collects  in  these 
areas  and  eventually  the  teeth  may  be  exposed  from  crown  to  fang, 
and,  if  untreated,  they  gradually  drop  out.  Various  authors  have 
attributed  such  diseases  of  the  joints  as  ostco-arthritis,  rheumatoid 
arthritis,  etc.,  to  the  absorption  of  poisons  from  septic  conditions  of 
the  gums  and  jaw,  and,  in  the  pyorrhoea  associated  with  these  rheu- 
matic affections,  a  varying  admixture  of  Streptococci,  Streptobacilli, 
B.  fusiformis,  Spirochetes,  Leptothrix,  and  other  filamentous  organ- 
isms, and  other  bacilli  and  cocci  is  usually  present.  In  many  cases, 
streptococci  are  the  predominating  organisms  and  their  association 
with  rheumatic  affections  is  worthy  of  note. 

Inflammatory  and  necrotic  changes  due  to  Actinomyces  are  found 
on  the  jaw.     (See  p.  2-41,  General  Pathology.) 

NECROSIS  :— 

This  may  result  from  the  inflammatory  conditions  already  noted,  and 
usually  starts  as  a  periostitis.  The  lower  jaw  is  more  frequently  and  more 
severely  attacked  than  the  upper.  Necrosis  may  be  secondary  to  injury 
(especially  to  compound  fracture),  to  some  of  the  acute  infective  fevers 
such  as  measles,  scarlet  fever,  typhoid  fever  or  smallpox,  to  syphilis, 
to  cancrum  oris,  or  to  the  now  comparatively  uncommon  conditions  of 
mercury  and  phosphorus  poisoning.  In  syphilis,  the  necrosis  is  sometimes 
very  extensive,  and  the  palatine  process  of  the  superior  maxilla  is  ex- 
tremely liable  to  be  involved — the  destructive  change  extending  to 
the  soft  palate  and  fauces. 

TUMOURS  AND  CYSTS  :— 

Reference  has  already  been  made  to  tumours  and  cysts  of  the  teeth. 
Of  the  tumours  of  the  jaw,  the  most  important  are  the  sarcomas  and 
carcinomas.  The  sarcomas  are  usually  of  the  round-  or  spindle-celled 
variety,  and  commence  from  the  periosteum  of  the  jaw  and  also  in  the 
anterior  or  posterior  wall  of  the  antrum .  The  cancers  may  be  squamous- 
celled  growths  taking  origin  in  the  gum  or  palate,  or  of  columnar-celled 
type  commencing  in  the  glandular  tissue  of  the  nasal  or  antral  cavities. 
Tumours  of  the  lips  or  of'the  tongue  may  spread  so  as  to  involve  the 
jaws.  Of  the  simple  tumours,  epulis  is  the  commonest.  Myelomata, 
which  by  some  authorities  are  still  classed  as  giant-celled  or  myeloid 
sarcomas,  are  situated  usually  in  the  lower  jaw. 

Chondromata,  osteomata,  and  fibromata  may  be  found. 
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DISEASES  OF  THE  SOFT  PALATE,  PHARYNX,  AND  TONSILS 

DIVERTICULUM  OF  PHARYNX.  -This  condition  is  unusual.  The 
pouch  springs  from  the  posterior  wall  of  the  pharynx,  its  orifice  being 
situated  opposite  the  cricoid  cartilage.  It  is  produced  In'  a  gradual 
evagination  of  the  mucous  and  the  submucous  coats  of  the  pharynx 
between  the  two  parts  of  the  inferior  constrictor  muscle.  The  pouch 
is  at  first  small,  but  gradually  enlarges.  The  diverticulum  may  become 
filled  with  food,  undergo  further  enlargement,  and  eventually  come  to 
press  upon  and  obstruct  the  oesophagus. 

INFLAMMATION  :— 

Processes  of  an  inflammatory  nature  are  the  commonest  and  most 
important  pathological  phenomena  in  the  soft  palate,  pharynx  and  to; 
and,  when  acute,  are  frequently  described  under  the  term  angina.  They 
differ  very  little  from  inflammatory  changes  elsewhere,  their  special 
characters  depending  largely  on  the  looseness  of  the  structures  and  the 
presence,  in  this  region,  of  a  large  amount  of  lymphatic  tissue,  which  is 
dist  ributed  in  the  form  of  isolated  rounded  masses  resembling  the  solitary 
follicles  of  the  intestine.  Congestion  and  cedematous  swelling  are  usually 
marked  features  of  such  inflammation. 

(d)  CATARRH,  in  its  acute  form,  is  generally  the  result  of  invasion 
by  organisms,  e.  g.  Staphylo-,  Strepto-,  and  Pneumo-cocci,  B.  diphtheria 
and  pseudo-diphtheria,  B.  influenzce,  M.  catarrhalis,  etc.;  though  it  may 
be  caused,  or  a  suitable  nidus  for  these  organisms  be  prepared,  by  irrita- 
tion, e.g.  by  hot  liquids,  chemicals,  exposure  to  cold,  etc.  It  is  parti- 
cularly common  in  acute  infections — many  of  the  infective  diseases 
having,  for  their  first  sign,  "  sore  throat "  or  pharyngitis.  The  mucous 
membrane  becomes  reddened  and  swollen,  and,  at  a  later  period,  is 
covered  with  a  mucous  exudate.  Sometimes  small  vesicles  may  develop, 
and  these,  by  their  rupture,  may  lead  to  ulceration. 

(6)  CHRONIC  CATARRH  may  follow  repeated  acute  attacks,  and  is 
of  frequent  occurrence  in  people  who  use  the  voice  excessively,  and  in 
smokers.  In  the  earlier  stages,  the  mucous  membrane  is  thickened; 
but,  later,  it  may  become  indurated  and  atrophic.  "  Granular"  eleva- 
tions are  frequently  seen,  these  being  either  distended  mucous  glands  ox 
proliferated  lymph-follicles.  The  term  granular  pharyngitis  h 
applied  to  this  condition. 

(c)  ACUTE  PHLEGMONOUS  PHARYNGITIS.— In  this  condition, 
the  mucous  membrane  and  the  submucous  tissues  are  involved  in  an 
acute  inflammation,  which,  later  becomes  suppurative.  The  soft  palate, 
uvula,  tonsils,  and  other  adjacent  structures,  may  be  much  swollen. 
deeply  congested,  and  cedematous.  The  oedema  often  extends  to  the 
loose  structures  of,  and  around,  the  epiglottis,  and  sometimes  oedema 
glottidis  may  supervene.     The  disease  is  almost  always  bacterial  in  origin, 
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various  forms  of  Streptococci  having  been  most  frequently  isolated  from 
such  cases.  Other  bacteria,  however,  may  also  produce  the  condition. 
Retropharyngeal  abscess  may  follow,  but  this  may  also  be  a  sequel  of 
certain  of  the  infective  fevers,  tuberculosis  of  the  faucial  or  pharyngeal 
mucous  membrane,  tuberculous  caries  of  the  spine,  or,  in  some  cases, 
degenerative  and  suppurative  changes  in  the  retropharyngeal  glands. 

(d)  VINCENT'S  ANGINA.— This  is  an  acute  inflammation  of  the 
pharynx  and  tonsils  which  may  be  characterised  by  the  formation  of  a 
firm  yellowish-white  false  membrane,  very  similar  to  that  seen  in  diph- 
theria. All  degrees  of  ulceration  may  occur.  In  some  cases,  it  is  merely 
superficial,  whilst,  in  others,  usually  accompanied  by  extensive  oedema, 
it  may  be  the  most  prominent  feature,  and  a  soft,  necrotic,  foul- 
smelling  membrane  may  be  produced. 

Similar  ulcerative  and  membranous  conditions  mav  be  found  on  the 
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Fig.  340. —  Vincent's  Angina.     Film  from  exudate  of  ulcer  on  tonsil,  shewing 
spirochetes,  B.  fusiformis,  etc.      X  1000. 

cheeks,  gums  or  palate,  giving  rise  to  necrotic  inflammations,  ulcerative 
stomatitis  and  noma.  The  association  of  B .  fusiformis  with  this  special 
type  of  inflammation  was  first  recognised  by  Vincent.  Spirochoetes 
are  always  present,  and  Tunniclifle  regards  these  spirochetes  as  stages 
in  the  development  of  the  fusiform  bacillus.  This  relationship  is  not 
proved.  It  has  been  frequently  shewn  that  both  B .  fusiformis  and  the 
spirochetes  may  be  found  in  the  secretions  of  the  mouth  in  normal  con- 
ditions, and  may  be  present  in  considerable  numbers  in  cases  of  true 
diphtheria.  Similar  organisms  are  found  in  catarrhal  and  other  inflam- 
matory conditions  of  the  mouth  and  fauces.  They  are  often  found  in  the 
tonsillar  crypts,  with  or  without  inflammatory  changes. 

(e)  DIPHTHERIA  usually  begins  in  the  mucous  membrane  of  the 
tonsils,  and  may  spread  to  the  fauces,  the  uvula,  the  posterior  wall  of  the 
pharynx,  and  to  the  nares,  the  larynx,  and  the  trachea,  and  even,  in  rare 
instances,  down  the  oesophagus.    At  first,  the  tissues  of  the  fauces  are 
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hypersemic  and  swollen.  Later,  greyish  or  yellowish  spots,  somewhat 
resembling  wash-leather,  make  their  appearance,  and  generally  coalesce 
into  a  definite  false  membrane.  The  underlying  tissues  become  infiltrated 
with  inflammatory  exudate,  and,  when  the  false  membrane  is  removed, 
a  raw,  bleeding  surface,  with  varying  degrees  oi   i  is  seen.     On 

microscopical  examination,  the  false  membrane  is  found  to  oo 
necrotic  mucous  membrane  and  masses  of  fibrin,  entangling  leucoc 
and  degenerated  epithelial  cells.    On  the  surface,  there  are  accumulations 
of  debris,  containing  large  numbers  of  organisms,  especially  various  kinds 
of  cocci,  in  addition  to  B.  diphtheria;  itself.    In  the  lai  es  of  the 

disease,  there  may  be  extensive  necrosis  of  the  mucosa  and  submucosa. 
The  causal  organism  is  B.  diphtheria?.  Associated  with  the  inflammatory 
reaction  in  the  pharynx,  there  is  frequently  some  enlargement  of  the 
lymphatic  glands  at  the  angle  of  the  jaw  and  elsewhere  in  the  neck. 
In  some  cases,  this  swelling  may  be  very  severe,  and  is  generally  associ- 
ated  with  the  presence  of  Strepto-  or  Staphylo-cocci  in  these  structures. 

(f)  TONSILLITIS  may  be  acute  or  chronic.  In  the  acute  form,  the 
sin  lace  is  usually  marked  with  small  whitish  spots,  which  are  produced 
by  the  degeneration  of  the  epithelium  in  the  lacunae  or  crypts  of  the 
1.  There  is  in  addition,  inflammatory  swelling  of  the  tissues; 
and  ulceration  or  suppuration  may  supervene  in  the  tonsil  itself, 
or,  more  frequently,  in  the  alveolar  tissue  of  the  soft  palate  above  the 

til,  giving  rise  to  the  peritonsillar  abscess  or  quinsy.  In  the  chronic 
form,  the  tonsils  are,  in  most  cases,  enlarged,  both  from  hypertrophy 
of  the  lymphatic  follicles  and  from  increase  in  the  interstitial  connective 

lie.  This  chronic  proliferative  overgrowth  is  due  to  repeated  acute  or 
subacute  attacks.  Pressure  on  the  lacunae  may  cause  obstruction  and 
retention  of  the  contents,  which  sometimes  become  inspissated,  and  « 
calcified.  Tonsillar  calculi  so  formed  are  usually  small,  but,  in  a  recent 
case,  seen  by  one  of  the  authors,  a  calculus  about  the  size  of  a  walnut 
was  removed  by  operation. 

In  association  with  this  chronic  enlargement  of  the  tonsils,  there  is 
frequently  proliferation  of  the  lymphoid  follicles  of  the  pharynx.  To 
this  condition — especially  when  occurring  in  the  roof  of  the  pharynx  in 
young  subjects — the  term  adenoid  growths  or  adenoids  has  been  given. 

GRANULOMATA  :— 

SYPHILIS. — As  in  the  mouth,  mucous  patches  or  condylomata  may  be 
•  nt .    In  tin'  tertiary  stage,  there  may  be  necrosis  and  ulceration  oi  the 
mucous  membrane,  etc.,  with  or  without  t  he  formation  of  gummata.   This 
necrosis  and  ulceration  may  can-  ruction  of  the  uvula  and 

soft  palate — often  with  perforation  of  the  latter  -and  may  be  accom- 
panied by  interstitial  overgrowth  and  subsequent  cicatricial  contraction. 
TUBERCULOSIS.    Tuberculous  ulceration  in  the  pharynx  is,  with  few 
except ioi  adary  to  tuberculosis  oi  the  lungs  or  of  the  larynx;   but 
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a  tuberculous  affection  of  the  tonsils  may  occur  as  a  primary  condition, 
owing  to  invasion  of  the  crypts  by  the  bacilli,  and  is  a  comparatively 
common  lesion,  especially  in  children  in  certain  districts.  In  tuber- 
culosis of  the  cervical  and  submaxillary  lymphatic  glands,  it  appears 
that  the  infective  material  frequently  obtains  entrance  by  way  of  the 
tonsils,  the  small  lymphatic  gland  lying  immediately  behind  the  angle 
of  the  jaw,  through  which  the  lymph-return  from  the  tonsils  takes  place, 
being,  as  a  rule,  the  first  to  become  affected  (Dowden). 

TUMOURS. — Sarcomata,  which  often  commence  as  polypi,  are  found 
in  the  naso-pharynx ;  and  the  tonsils  may  be  the  seat  of  lympho-  and 
of  mixed-cell  sarcomata. 

Squamous  epithelioma  may  occur  in  the  tonsil  and  also  in  the  region 
of  the  epiglottis,  but  is  almost  always  a  secondary  involvement. 

Endotheliomas  in  the  naso-pharynx  and  in  the  tonsils  have  been 
described. 

DISEASES  OF  THE   SALIVARY   GLANDS 

INFLAMMATION  :— 

Of  these  organs,  the  parotid  gland  is  the  most  frequent  seat  of  patho- 
logical change.  Inflammation  of  the  gland  (parotitis)  may  be  an  inde- 
pendent infection  (acute  infective  parotitis,  or  mumps),  or  it  may  be 
secondary  to  such  infectious  diseases  as  typhoid  or  typhus  fever,  etc. 
The  gland  becomes  swollen  and  very  tense.  In  the  primary  affection, 
suppuration  very  rarely  occurs ;  but  it  is  not  infrequent  in  the  secondary 
conditions,  which  are  generally  caused  by  infection  from  the  mouth. 
The  specific  organism  of  mumps  is  not  definitely  known,  but  several 
observers  have  isolated  a  diplococcus  which  they  consider  causal.  A 
lymphocytosis  seems  to  be  a  constant  feature  of  the  cerebro-spinal 
fluid,  and  meningitis  or  meningeal  irritation  is  not  infrequent.  Acute 
orchitis,  ovaritis,  and  mastitis,  and  also,  it  is  said,  pancreatitis,  are  occa- 
sional complications  of  mumps.  Abscess  formation  in  the  parotid 
sometimes  supervenes  in  pyaemia. 

Intense  inflammatory  reaction  (Angina  Ludovici),  often  with  abscess 
formation,  occurs  occasionally  in  the  floor  of  the  mouth,  and  in  the 
tissues  round  the  submaxillary  gland,  e.g.  in  cases  of  scarlet  fever.  A 
similar  condition  sometimes  results  from  the  spread  of  carious  and 
suppurative  processes  at  the  roots  of  the  teeth. 

SALIVARY  CALCULI  are  commoner  in  the  submaxillary  and  sub- 
lingual glands  than  in  the  parotid.  They  are  usually  produced  by  a 
deposit  of  lime-salts  in  the  thick  mucous  secretion  and  desquamated  cells 
following  inflammation  of  the  ducts,  and  are  generally  single,  but  may 
be  multiple.  Such  calculi  may  be  formed  in  the  ducts  either  within,  or 
external  to,  these  glands. 

GRANULOMATA. — Tuberculosis,  Syphilis,  and  Actinomycosis  are  rare 
in  the  salivary  glands,  but  cases  of  each  have  been  recorded. 
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MICKULICZ'S  DISEASE.— In  this  condition,  there  is  a  symmetrical 
enlargement  of  the  salivary  and  lachrymal  glands — and,  in  some  cases, 
of  the  labial  and  buccal  mucous  glands.  The  enlargement  begii. 
early  adult  life  and  is  progressive.  Some  authors  regard  it  as  a 
granuloma,  while  others  consider  it  lymphadenomatous.  No  relationship 
to  syphilis  or  tuberculosis  has  been  demonstrated. 

TUMOURS  AND  CYSTS  :— 

Cystic  dilatation  of  the  salivary  ducts,  sometimes  with  the  presence 
of  concretions  or  calculi  in  the  ducts,  is  seen  giving  rise  to  oval  or 
rounded  swellings  containing  somewhat  viscid  fluid  (see  pp.  344  and  737). 
Tumours  are  rare,  but  fibromata,  lipomata,  hsemo-  and  lymph-angiomata, 
and  chondromata  are  found.  The  commonest  tumour  in  the  parotid  gland 
is  one  which  is  composed  of  a  mixture  of  adenomatous  tissue  and  cartil- 
age in  which  myxomatous  degeneration  is  very  liable  to  take  place — the 
so-called  myxo-chondro-adenoma.  Similar  tumours  may  also  be  found 
in  other  salivary  glands.    Sarcomata  and  carcinomata  occur. 

DISEASES   OF   THE   (ESOPHAGUS 

DEVELOPMENTAL  ABNORMALITIES,  MALFORMATIONS,  etc.  :— 

Communication  of  the  oesophagus  and  trachea. — The  lower  part 
of  the  oesophagus  may  spring  from  the  posterior  wall  of  the  trachea 
and  may  not  be  connected  with  the  upper  part  of  the  gullet,  which,  in 
such  cases,  ends  blindly  at  a  point  some  distance  above  the  bifurcation 
of  the  trachea.  The  opening  of  the  trachea  into  the  lower  part  of  the 
oesophagus  is  usually  about  the  junction  of  the  upper  three-fourths  with 
the  lower  fourth.  The  condition  is  incompatible  with  life,  and  is  due  to 
a  mal-development  of  the  septum  between  the  oesophagus  and  trachea. 

An  anterior  diverticulum  of  the  oesophagus  is  sometimes  found  near 
the  bifurcation  of  the  trachea,  opposite  the  site  of  the  bronchial  glands. 
Such  diverticula  are  usually  small  and  conical,  and,  according  to  some 
writers,  they  are  caused  by  traction  on  the  oesophagus  by  adhesions  which 
are  formed  between  it  and  diseased  bronchial  glands.  Ulceration  and 
perforation  may  supervene,  giving  rise  to  septic  infection  of  the  pleura, 
pericardium,  or  lungs. 

Dilatation  of  the  oesophagus,  generally  towards  its  lower  part,  gives,  in 
extreme  cases,  the  appearance  of  the  presence  of  an  accessory  stomach. 
In  some  instances,  this  seems  to  be  a  congenital  condition  due  to  hyper- 
trophic stenosis  of  the  lower  oesophageal  sphincter.1  A  considerable 
degree  of  dilatation  of  the  oesophagus,  especially  in  its  lower  half  or 
two-thirds,  is  usually  found  in  cases  of  congenital  pyloric  stenosis,  and 
is,  as  a  rule,  combined  witli  well-marked  hypertrophy  of  the  wall. 
General  dilatation  of  the  oesophagus  may  occur  in  cases  of  stricture  of 
the  cardiac  orifice  of  the  stomach,  e.g.  from  tumours  or  other  causes. 

1  See  footnote,  p.  748. 
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CIRCULATORY  DISTURBANCES  :— 

CHRONIC  VENOUS  CONGESTION  of  the  mucous  membrane  is 
found  in  diseases  of  the  heart  or  lungs,  or  in  cases  of  cirrhosis  of  the  liver. 

In  the  latter  condition,  owing  to  obstruction  of  the  circulation  through 
the  portal  vein,  the  oesophageal  veins  at  the  lower  end  of  the  tube  become 
varicose,  and  the  mucous  membrane  over  these  varicosities  may  undergo 
ulceration.  The  ulcers  are  usually  small  and  terraced,  and  they  sometimes 
open  into  the  veins  and  give  rise  to  serious,  and  even  to  fatal,  haemorrhage. 

INFLAMMATORY  and  NECROTIC  CONDITIONS  :— 

Inflammatory  changes  of  a  more  or  less  severe  character,  with  necrosis 
of  the  mucous  membrane,  may  result  from  the  ingestion  of  corrosive  acid 
or  alkaline  liquids,  from  scalding,  or  from  the  impaction  of  foreign  bodies, 
such  as  tooth- plates,  bones,  etc.,  in  adults,  and  safety-pins,  coins,  the 
bone-plates  of  babies'  teats,  etc.,  in  children.  In  these  cases,  ulceration 
and  perforation,  giving  rise  to  abscess-formation,  cellulitis,  pleurisy,  or 
empyema,  may  supervene.  Ulceration  is  sometimes  found  in  cases 
where  the  cause  is  as  yet  unknown.  Pringle  and  Teacher 1  report 
several  cases  of  post-operative  haematemesis,  in  which  lesions,  varying 
from  superficial  erosion  of  the  interior  of  the  oesophagus  to  perforation 
or  wide-spread  destruction  of  the  tube  and  damage  to  adjacent 
structures,  were  found.  They  state  that :  "  the  vital  nature  of  the 
condition  is  shewn  by  the  presence  of  haemorrhages  into  the  oesophageal 
wall,  lungs  and  pleurae,"  and  that,  in  one  case,  "  inflammatory  action 
was  observed  in  the  lungs  and  pleural  sacs."  They  conclude  that 
digestion  of  the  oesophagus  may  occur  during  life  and  be  one  cause  of 
post-operative  haematemesis.  If  there  has  been  severe  damage,  with  con- 
siderable loss  of  substance,  during  the  inflammatory  or  ulcerative  process, 
cicatricial  contraction,  producing  stenosis,  may  be  a  result  of  the  excessive 
reparative  processes  in  the  damaged  area.  Thus,  one  or  more  localised 
fibrous  strictures  may  be  formed. 

POST-MORTEM  DIGESTION  of  the  lower  end  of  the  oesophagus  is 
very  common,  and  all  degrees  of  change,  from  superficial  erosion  of  the 
lining  cells  to  actual  perforation,  are  seen.  The  absence  of  inflammatory 
reaction  in  this  condition  serves  to  differentiate  it  from  pathological 
changes  produced  during  fife. 

STENOSIS  of  the  oesophagus,  resulting  from  the  cicatricial  strictures, 

has  been  referred  to  above.  Contraction  of  the  upper  end  of  the  oesophagus 

may  also  be  due  to  a  special  tonicity  of  the  upper  sphincter;   or  to  a 

fibrous  replacement  of  the  muscle-fibres  in  that  sphincter,  and  a  definite 

fibrous  stricture  may  be  present.    Congenital  stenosis  of  the  mid-part 

of  the  oesophagus — from  the  bifurcation  of  the  trachea  to  within  one 

or  two  centimetres  of  the  diaphragm — has  been   described.     Stenosis 

is     sometimes    due    to    pressure    by    aneurism.    Malignant    stricture 

1  Pringle   and  Teacher,   British  Journal  of  Surgery,   Vol.   VI.,   No.    24.  1919. 
pp.  524  et  seq. 
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will  be  dealt  with  under  tumours  of  the  cesophagus,  as  will  also  the 
secondary  phenomena  produced  in  the  cesophagus  itself  by  such 
constrictions.  In  many  cases  in  which  there  has  been  marked  clinical 
evidence  of  obstruction  during  life,  little  or  no  narrowing  of  the 
cesophagus  is  found  after  death.  Such  cases  are  due  to  irritative  muscu- 
lar spasm,  or,  in  some  instances,  the  phenomena  have  been  of  purely 
nervous  origin. 

TUMOURS  :-— 

The  occurrence  of  fibromas,  lipomas,  and  myomas  has  been  described, 
but  these  tumours  are  all  very  rare.    Papillomas  are  commoner. 

The  most  important  tumour  of  the  cesophagus,  however,  is  carcinoma. 
The  growth  is,  in  nearly  all  cases,  a  squamous-celled  epithelioma.  A 
tumour  of  this  nature  may  occur  in  the  pharynx  or  in  any  part  of  the 
cesophagus,  and,  though  its  most  usual  situation  is  the  upper  third,  it 
is  almost  as  often  found  in  the  middle  third,  where  the  left  bronchus 
crosses  the  cesophagus.  Starting  at  one  point,  it  spreads  circularly  round 
the  wall  of  the  tube,  the  growth  being  localised,  or  spreading  widely,  and 
infiltrating  first  the  mucous  and  submucous  coats,  and,  later,  invading 
the  deeper  parts.  Dilatation  of  the  tube,  with  hypertrophy  of  its  wall, 
may  occur  above  the  tumour,  if  obstruction  is  present ;  but,  even 
with  comparatively  large,  projecting  tumours,  there  may  sometimes  be 
little  or  no  obstruction.  In  some  cases  in  which  the  opposite  wall  of  the 
oesophagus  lies  in  contact  with  the  tumour,  "  contact "  epitheliomata 
develop.  Ulceration  may  take  place,  and  communication  between 
the  cesophagus  'and  the  surrounding  parts  be  established.  The  glands 
in  the  neighbourhood  may  be  secondarily  infected,  and,  occasionally, 
small  metastases  are  found  in  the  pericardium. 

Glandular  carcinomata  and  also  sarcomata,  are  extremely  rare  as 
primary  growths;  but  the  extension  of  a  tumour  from  the  stomach, 
coming  to  involve  the  cesophagus,  is  not  uncommon. 

DISEASES   OF   THE   STOMACH 

In  studying  diseases  of  the  stomach,  it  is  important  to  remember 
that  interference  with  its  normal  structure  will  cause  derangement  of  its 
function,  and  that  this  will  aggravate  the  pathological  condition  which 
is  present.  Thus,  any  disease  of  the  stomach  will  interfere  with  the 
function  of  the  gastric  glands,  and  the  contained  food  will  remain  imper- 
fectly digested,  and  will  undergo  decomposition-changes.  The  products 
of  such  decomposition — acetic,  lactic,  butyric  acid,  etc. — cause  further 
irritation  of  the  mucous  membrane,  and  the  gases  formed  during  the  pro- 
cess produce  distension  of  the  viscus  and  interference  with  its  peristalsis. 

POST-MORTEM  CHANGES  :— 

Decomposition-changes  in  the  food-contents  of  the  stomach  occur 
very  soon  after  death;  and  the  decomposition-products,  acting  on  the 
mucous  membrane,  cause  it  to  assume  a  reddish  or  greenish  colour, 
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which,  later,  becomes  slaty -blue  or  almost  black,  owing  to  chemical  altera- 
tions in  the  blood-pigment.  Thus,  vascular  and  other  changes  which 
may  have  been  present  during  life  are  often  obscured. 

In  some  cases  in  which  death  has  taken  place  while  the  processes  of 
digestion  are  proceeding,  or  while  the  secretion  of  gastric  juice  is  active, 
digestion  of  the  coats  of  the  stomach  itself  is  observed.  In  this 
condition  of  post-mortem  digestion  or  cadaveric  softening,  the  mucous 
membrane  becomes  swollen,  softened,  and  digested  away,  and  the  muscular 
and  peritoneal  coats  may  become  perforated.  This  post-mortem  change 
is,  as  a  rule,  found  in  the  neighbourhood  of  the  fundus,  generally  on  the 
posterior  wall  near  the  cardiac  end — that  is,  in  the  situation  on  which 
the  stomach  contents  lie  when  the  body  is  in  the  dorsal  position.  The 
softened  area  is  frequently  extensive,  its  edges  are  usually  much  thinned — 
sometimes  resembling  tissue-paper — and  may  be  shred-like,  and  there 
is  no  evidence  of  any  inflammatory  action  in  the  neighbourhood.  The 
stomach-contents  are  sometimes  found  free  in  the  peritoneal  cavity. 
The  condition  is  differentiated  from  ante-mortem  perforation  or  rupture  of 
the  stomach  by  the  absence  of  peritonitis,  and  of  any  thickening  or  inflam- 
mation at  the  margin  of  the  perforation,  but  it  must  always  be  remembered 
that  post-mortem  digestion  may  be  superimposed  on  actual  pathological 
conditions  and  give  anomalous  appearances. 

MALFORMATIONS  :— 

(a)  HOUR-GLASS  CONTRACTION  of  the  stomach  is  a  moderately 
common  condition,  the  contraction  being  situated  usually  about  the 
middle  of  the  organ.  There  is  no  doubt  that,  in  the  majority  of  cases, 
this  is  due  to  chronic  inflammatory  and  cicatricial  changes  following 
ulceration,  or  to  infiltration  and  contraction  produced  by  carcinomatous 
tumours.  More  rarely,  it  is  caused  by  the  contraction  of  peritonitic 
thickening  or  adhesions  on  the  outer  wall  of  the  organ.  There  are, 
however,  cases  in  which  the  condition  is  apparently  due  to  the  permanent 
contraction  of  the  so-called  mid-gastric  sphincter,  which,  according  to 
various  observers,  is  usually  only  active  during  digestion,  and  marks  the 
boundary  between  the  cardiac  and  pyloric  portions  of  the  stomach. 

The  condition  of  hour-glass  contraction  of  the  stomach  should  be 
carefully  differentiated  from  stricture  in  the  duodenum  with  dilatation 
of  its  first  part. 

(b)  ATRESIA,  or  complete  closure  of  the  pylorus  is  rare,  but 
CONGENITAL  HYPERTROPHIC  PYLORIC  STENOSIS  is  not  uncommon. 
In  this  latter  condition,  which  occurs  especially  in  very  young  children 
— though  it  may  also  persist  in  adults — there  is  marked  hypertrophy  of 
the  muscular  layer,  particularly  of  the  circular-fibres  of  the  pylorus,  and 
there  is  usually  associated  dilatation  and  hypertrophy  of  the  oesophagus, 
especially  towards  its  lower  part.     Hypertrophy  of  the  cardia  1  (with 

1  Proceedings  of  the  Royal  Society  of  Medicine,  Vol.  XIII,  No.  5,  March,  1920, 
p.  43. 
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dilatation  of  the  oesophagus  above  it),  and  of  the  ileo-caecal  sphii 
has  also  been  described  as  occurring  in  some  cases,  in  association  with 
congenital  pyloric  stenosis,  as  well  as  independently  of  that  condition. 
Various  explanations  of  these  localised  hypertrophies  of  the  gastro- 
intestinal sphincters  have  been  suggested,  such  as  inco-ordination  from 
abnormalities  of  innervation,  etc.,  and  some  recent  writers  (Pirie,  Tyrrell 
Gray,  and  others)  are  of  opinion  that  the  condition  may  be  due  to 
hyperadrenalism,  either  on  the  part  of  the  child  itself,  or  of  the  mother.1 

MALPOSITIONS  :— 

ANTERIOR  DISPLACEMENT  on  account  of  defects  in  the  anterior 
abdominal  wall  may  occur.    DOWNWARD  DISPLACEMENT  or  GASTRO- 

PTOSIS  is  commoner,  and  may  be  congenital,  or  the  result  of  dilata- 
tion of  the  stomach,  or  of  traction  on  it  by  inflammatory  adhesions. 
In  cases  with  TRANSPOSITION  OF  THE  VISCERA,  the  stomach  may 
have  its  position  reversed,  the  cardiac  end  of  the  organ  being  towards 
the  right  side  (see  fig.  341). 

CIRCULATORY  DISTURBANCES  :— 

(a)  ACUTE  CONGESTION  is  seen  as  an  early  stage  of  inflammation 
of  the  mucous  membrane,  or  it  may  be  transitory 

(b)  CHRONIC  VENOUS  CONGESTION   or   PASSIVE   HYPEREMIA, 

as  a  post-mortem  phenomenon,  is  comparatively  common.  This  con- 
dition may  arise  secondarily  to  obstructive  disease  of  the  heart,  but 
especially  as  a  result  of  obstruction  of  the  portal  circulation  by  cirrhosis 
and  other  diseases  of  the  liver.  The  mucous  membrane  is  reddened  and 
cedematous,  and  minute  haemorrhages  are  frequently  found  in  the 
submucous  tissues.  Over  these  haemorrhages,  the  mucous  membrane 
generally  becomes  eroded,  possibly  by  being  digested  by  the  gastric  juice, 
and  small  ulcers — hsemorrhagic  erosions — being  produced.  These  haemo- 
rrhages and  erosions  may  be  present  in  considerable  numbers,  especially 
towards  the  pyloric  end.  After  healing,  they  may  be  represented  by 
small  areas  of  atrophy.  Chronic  catarrhal  changes  are  usually  also 
present  in  such  cases. 

(c)  HEMORRHAGES    in    or    from    the    mucous    membrane   arise 

1  Tyrrell  Gray,  "Discussion  on  Hypertrophic  Pyloric  Stenosis  with  Associated 
Hypertrophies,"  lloyul  Society  of  Medicine  Transactions,  Children's  Section, 
Vol.  XIII.,  No.  5,  March  1920,  p.  37.  "As  to  why  other  parts  of  the  bowel  have 
not  hypertrophied,  the  explanation  is  a  simple  one:  the  sympathetic  supply  to 
the  intestine  is  inhibitory  to  circular  muscle,  and  Elliott  has  shewn  that  reversed 
innervation  takes  place  in  the  sphincter  areas  in  the  intestine.  Any  stimulus, 
therefore,  which  inhibits  the  bowel  muscle  will  cause  a  concurrent  Bpa&m  of  the 
sphincter  areas.  Sympathetic  nerve  endings  in  involuntary  muscle  are  acted  on 
by  both  nerve  stimuli  and  suprarenal  hormone.  Hence  hyperadrenalism  would 
inhibit  the  contraction  of  the  circular  muscle  except  at  the  sphincters,  w  hen  Bpasm 
would  result.  ...  I  do  not  see  how  true  hypertrophy  could  occur  except  by  < 
action,  and  there  must  be  some  general  cause  which  produces  the  <>ver-acti<>n. 
No  better  explanation  of  such  over-action  has,  1  think,  been  offered  than  Dr.  Pirie's 
suggestion  of  hyperadrenalism."  Tyrrell  (May  i>  also  of  opinion  that  minor  degrees 
of  pyloric  hypertrophy  often  occur  undetected 
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from  a  variety  of  causes.  Simple  gastric  ulcers,  or  cancerous  infiltra- 
tion, by  invading  and  opening  into  vessels,  may  give  rise  to  any 
degree  of  bleeding,  from  general  oozing  of  blood  up  to  very  severe 
haemorrhages.  In  acute  yellow  atrophy  of  the  liver  (acute  liver- 
atrophy),  purpura,  scurvy,  septicaemia,  haemophilia,  and  some  of  the 
acute  fevers,  e.g.  yellow  fever  and  typhus:  in  chloroform-  and  phos- 
phorus-poisoning, and  in  severe  forms  of  anaemia  and  other  "  blood- 
diseases,"  haemorrhage  results,  probably  from  fatty  or  other  degenera- 
tive changes    in    the   vascular    endothelium,   with  subsequent  rupture 


Fig.  341. — Transposition  of  Viscera.  Note  apex  of  heart  on  the  right  side,  stomach  on 
the  right  side,  the  caecum  and  appendix  are  transposed  to  the  left  side.  Note  also 
the  double  thumb  on  the  right  hand.   (From  a  case  of  the  late  Sir  Thomas  R.  Frasor.) 

of  minute  vessels.  In  certain  forms  of  cardiac  disease,  and  in  cirrhosis 
of  the  liver,  rupture  of  the  distended  veins,  or  ulceration  over  and 
extending  into  them,  may  lead  to  haemorrhage.  In  the  condition 
known  as  Gastrostaxis,  there  is  said  to  be  an  oozing  of  blood  from  the 
mucous  membrane  of  the  stomach,  not  only  in  the  absence  of  any  ulcera- 
tion of  that  organ,  but  also  in  the  absence  of  any  other  disease  in  which 
bleeding  is  likely  to  occur.  We  have  not  encountered  any  such  case  in 
the  post-mortem  room,  and  a  very  careful   examination  of   the  whole 


750  SPECIAL  PATHOLOGY 

mucous  membrane  would  require   to    be  made  before  a  diagnosis  of 
gastrostaxis  could  be  established. 

Except  in  cases  where  an  ulcer  has  opened  into  a  comparatively  large 
vessel,  in  which  case  pure  blood  may  be  vomited,  the  escaped  blood 
becomes  mixed  with  the  contents  of  the  stomach,  is  dark  brown  or  almost 
black  in  colour,  and  is  vomited  in  a  semi-digested  condition  ("  coffee- 
ground  vomit  "). 

INFLAMMATION  (GASTRITIS)  :— 

On  account  of  the  stomach  being  so  much  exposed  to  irritation, 
gastritis,  in  varying  degree,  is  very  common.  The  acute  form  is  apt  to 
occur  in  connection  with  many  of  the  acute  infective  fevers,  from  the 
swallowing  of  irritant  poisons,  or  even  after  mere  exposure  to  cold ;  or 
it  may  be  due  to  surfeit,  or  the  ingestion  of  irritating  and  indigestible 
foods.  If  the  condition  is  severe,  the  mucous  membrane  becomes  swollen, 
reddened,  and  softened,  and  shews  minute  haemorrhages,  or  even  hemo- 
rrhagic erosions,  especially  towards  the  pyloric  end.  It  is  covered  with 
viscid,  tenacious,  and  perhaps  blood-stained,  mucus.  When  due  to  the 
ingestion  of  irritant  poisons,  the  inflammatory  reaction  is  most  marked 
along  the  prominent  parts  of  the  rugae,  or  where  the  stomach-walls  are 
in  contact  with  one  another.  The  mucous  membrane  is  discoloured, 
nitric  acid  giving  a  green,  sulphuric  acid  a  black,  and  carbolic  acid  a  dark 
brown  colour.  Necrosis  may  occur  and  lead  to  perforation  of  the  stomach ; 
or  there  may  be  swelling,  haemorrhage  and  membranous  inflammation 
with  ulceration.  These  conditions  are  often  well  marked  in  cases  in 
which  large  doses  of  arsenic  or  mercuric  bichloride  have  been  taken  by 
the  mouth. 

(a)  PHLEGMONOUS  or  DIFFUSE  SUPPURATIVE  GASTRITIS  is  not 
of  frequent  occurrence.  In  it  there  is  intense  redness  and  swelling  of 
the  mucous  membrane,  due  to  acute  inflammatory  changes,  which 
terminate  in  a  diffuse  infiltration  of  the  mucous  and  submucous  tissues 
with  pus.  Sometimes,  minute  abscesses  form,  and  these  may  rupture 
into  the  cavity  of  the  stomach.  The  condition  may  start  from  an 
ulcer,  but,  as  a  rule,  its  origin  is  obscure.  It  is  generally  associated 
with  the  presence  of  one  of  the  varieties  of  Streptococci. 

(b)  CHRONIC  CATARRH  very  frequently  results  from  repeated  acute 
attacks,  or  it  may  be  due  to  improper  feeding.  It  is  a  usual  sequel  of 
chronic  venous  congestion  and  other  diseased  conditions  of  the  stomach, 
and,  in  many  cases,  is  caused  by  the  swallowing,  over  prolonged 
periods,  of  infective  material  from  the  nose,  mouth,  or  throat. 

The  stomach  is  usually  more  or  less  dilated.  There  is  general  thicken- 
ing of  the  mucous  membrane,  and  towards  the  pyloric  end  this  thickening 
is  often  very  irregular,  and  the  surface  may  present  a  manmiillated, 
or  even  a  warty,  appearance.  The  mucous  membrane  is  reddened 
and  hyperaomic,  and  usually  shews  irregular,  pigmented  patches  of  a 
slaty-blue  colour — this  pigmentation  being  caused  by  changes  produced 
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in  the  blood  in  the  hemorrhagic  areas.  Covering  the  mucous  membrane, 
there  is  usually  an  excess  of  viscid  mucus.  If  the  catarrhal  condition  is 
prolonged,  there  generally  occurs  a  new  formation  of  connective  tissue, 
together  with  atrophy  of  the  various  glandular  structures.  The  over- 
growth of  connective  tissue  causes  obstruction  of  the  orifices  of  the  ducts, 
and  the  production  of  small  cysts.  There  is  frequently  hypertrophy  of 
the  muscular  coat.  From  the  stagnation  and  decomposition  of  the  gastric 
contents,  various  general  toxic  phenomena  are  produced,  amongst  the 
rarest  of  which  may  be  noted  the  occurrence  of  gastric  tetany.1 

ULCERATION  OF  THE  STOMACH  :— 

1.  FOLLICULAR  ULCERS,  from  J-  to  J-inch  in  diameter,  are 
frequently  seen  in  chronic  gastric  catarrh,  especially  in  alcoholic  subjects, 
and  also  in  phosphorus-poisoning.  They  are  usually  shallow,  and  at 
first  have  undermined  edges.  Several  of  them  may  coalesce,  forming 
an  irregular  ulcer  which  is  often  described  as  the  alcoholic  ulcer.  On 
healing,  this  may  leave  a  puckered  scar. 

2.  ACUTE  ULCER.  Acute  ulcers  of  the  stomach,  apart  from  the 
small  follicular  ulcers  already  described,  are  not  common,  but  several 
observers  have  described  cases  where,  at  the  post-mortem  examination, 
numerous  acute  ulcers  were  found  scattered  widely  over  the  mucous 
membrane.  They  are  usually  superficial — the  base  of  the  ulcer  being 
the  deeper  part  of  the  mucous  membrane.  The  tissues  in  the  immediate 
neighbourhood  may  shew  polymorphonuclear  leucocytic  infiltration. 

3.  SIMPLE  GASTRIC  OR  PEPTIC  ULCER.— This  form  of  ulcer  is 
common,  especially  in  young  women,  and  is  caused  probably  by  the 
direct  action  of  the  gastric  juice  on  a  part  of  the  stomach-wall  which 
has  been  damaged.  Various  hypotheses  have  been  put  forward  to  account 
for  the  production  of  this  damage.  Thrombosis  of  one  or  more  of  the 
small  arteries  may  account  for  some  of  the  ulcers.  Bolton  has  brought 
forward  much  evidence  in  favour  of  the  view  that  the  destruction  of  tissue 
is  caused  by  the  action  of  the  gastric  juice  on  areas  of  the  mucous  membrane 
which  have  been  damaged  by  toxins  circulating  in  the  blood.  There  is 
abundant  evidence  that  acute  ulcers  are  developed  during  the  course  of 
infective  disease,  and  experimental  evidence  also  shews  that  the  ulcers 
are  acute  and  that  healing  takes  place  rapidly.  There  is  no  doubt  that 
certain  substances  introduced  in  excess  with  the  food  may  also  act  as 
protoplasmic  poisons.  Motor  insufficiency,  i.  e.  inability  of  the  stomach 
to  get  rid  of  its  contents  in  normal  fashion,  delays  the  healing  of  the 
ulcers,  and  this  delay  means  a  continuance  of  the  irritation  which  causes 
thickening  at  the  base  of  the  ulcer  and  less  complete  regeneration  of 
the  gastric  glands.  Such  motor  insufficiency  is  certainly  present  in 
many  of  these  cases  in  which  gastric  ulcer  is  found,  and  the  view  put 
forward  by  Bolton  seems  a  very  reasonable  one.    As  he  points  out,  if 

1  See  Carnegie  Dickson,  "  Gastric  Dilatation  and  Tetany,"    The   Practitioner, 
Vol.  LXX.,  No.  1,  January  1903,  p.  44. 
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this  motor  insufficiency  is  lessened  or  removed  by  gastroenterostomy, 
even  chronic  ulcers  tend  to  heal.  Further,  it  has  been  shewn  by  various 
observers  that  the  ulcers  which  form  in  the  jejunum  after  gastro- 
enterostomy occur  in  cases  where  the  opening  into  the  jejunum  is 
too  small  or  has  become  stenosed,  or  in  cases  where  there  has  been 
obstruction  by  twists,  etc.  Hyperacidity  of  the  stomach-contents  may 
play  some  part  in  the  production  of  these  ulcers,  but  of  itself  is  not 
sufficient  to  cause  them,  as  has  been  shewn  experimentally  by  Urekie. 
There  must  be,  in  addition,  some  injury  to  the  mucous  membrane,  and 
this  may  be  produced  by  irritant  foods.  In  Tiirck's  experiments,  mechan- 
ical and  chemical  irritation  failed  to  produce  ulcers,  but  he  was  able  to 


Fig.  342. — Simple  Ulcer  of  the  Stomach.  Shewing  the  terraced  appearance  and  oval  shape. 
There  ifl  perforation  into  the  splenic  vein.  (A  rod  is  placed  in  the  vein.)  (Edinburgh 
University  Anatomical  Museum.     Catalogue  No.,  Al.  D.  d.  3.) 

produce  them  by  feeding  dogs  with  B.  coli.  He  says :  "  The  factors 
concerned  in  the  production  and  persistence  of  ulcer  of  the  stomach 
and  duodenum  appear  from  the  experiments  to  indicate  a  dual  condition  : 
there  seems  to  be  some  toxic  condition  produced,  which  overcomes  natural 
resistance,  resulting  in  cytolysis,  and  possibly  some  chemical  substance 
formed  within  the  alimentary  tract,  which,  when  absorbed,  may  neutralise 
the  protective  bodies  in  the  blood  and  tissues,  resulting  in  autocytolysis" 
Rosenow  x  states  that  "  the  ulcers  produced  by  the  injection  of  strepto- 
cocci resemble  those  in  man  in  location,  in  gross  and  microscopic  appear- 
ance, and  in  that  they  tend  to  become  chronic,  to  perforate  and  to  cause 
a  severe  or  fatal  haemorrhage  " ;  and  he  considers  that  the  usual  ulcer  of 
the  stomach  and  of  the  duodenum  in  man  is  primarily  due  to  a  localised 
hematogenous  infection  of  the  mucous  membrane  by  streptococci. 
1  Rosenow,  Jour.  Infect.  Diseases,  1916,  xix.  pp.  333-4. 
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A  similar  ulcer  may  occur  in  the  first  part  of  the  duodenum 
(Duodenal  ulcer),  and  in  the  jejunum,  especially  as  a  sequel,  late  or  early, 
of  gastrojejunostomy,1  and,  it  is  said,  also  in  the  lower  part  of  the 
oesophagus.  The  commonest  situation  of  gastric  ulcer — i.  e.  in  about 
sixty-five  per  cent,  of  the  cases — is  on  the  posterior  wall  of  the 
stomach,  on,  or  close  to  the  lesser  curvature.  The  ulcer  may  also 
occur  at  the  pylorus  (twelve  per  cent.),  on  the  anterior  wall  (eight  per 
cent.)  and  on  the  cardia,  the  fundus  and  on  the  greater  curvature. 

Characteristics  of  the  Ulcer. — It  is  more  or  less  oval  or  circular  in 


Fig.  343. — Simple  or  Peptic  Ulcer  of  Stomach.     Section  of  the  edge  shewing 
the  smooth  floor,  etc.      X  5. 

shape,  at  first  limited  to  the  mucous  membrane  and  very  sharply  defined, 
the  edges  being  slightly  sloping  or  bevelled,  and  the  floor  at  first  smooth. 
There  is  usually  little  or  no  evidence  of  surrounding  inflammation.  The 
ulcer  may  spread  acutely,  but  usually  it  tends  to  become  chronic,  and  to 
extend  more  deeply  into  the  submucous  and  muscular  coats,  the  ulcer 
having  a  terraced  appearance,  wider  on  the  inner  or  mucous  surface  of  the 
stomach-wall,  and — if  perforation  has  taken  place — narrowing,  perhaps, 
to  a  minute  orifice,  through  which  communication  with  the  peritoneal 
cavity  or  some  of  the  abdominal  organs  may  be  established  (fig.  342). 
The  ulcers  are  usually  single,  but,  in  some  instances,  several  are  present. 

1  See  Hurst,  "  Hypersthenic  Gastric  Diathesis,  and  the  Pathology,  Prophylaxis, 
and  Treatment  of  Duodenal  Ulcer,' l  Lancet,  Dec  30,  1922,  p.  1369. 
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Effects  of  the  Ulcer  :— 

(a)  Haemorrhage. — Erosion  into  one  of  the  branches  of  the  coronary 
or  other  vessels  of  the  stomach  or  into  the  splenic  vein  may  tak 
or  the  rupture  of  a  minute  aneurism  on  one  of  the  small  gastric  vessels 
in  the  base  of  the  ulcer  may  lead  to  severe,  or  even  fatal,  haemorrhage. 
In  cases  of  erosion  into  the  pancreas,  the  splenic  art*  i  lose  its 

support  and  an  aneurism  be  developed  on  it,  which  may  rupture 
lead  to  fatal  haemorrhage. 


Fig.  344. — Simple  or  Peptic   Ulcer  of  Stomach.     Section  of  base,  shell 
granulation-ti.^ui-  which  was  densely  infiltrated  with  eosinophil  evils,     x  75. 

(b)  Perforation  is  commoner  in  ulcers  of  the  duodenum  than  in  those 
of  the  stomach,  and,  where,  in  the  latter,  rupture  does  take  place,  the 
ulcer  is  generally  found  in  the  anterior  wall.  Generally,  the  wall  of 
the  ulcerated  stomach  becomes  more  or  less  adherent  to  the  liver  or 
the  pancreas,  or,  more  rarely,  to  the  spleen,  the  diaphragm,  the  colon, 
or  the  abdominal  wall,  and  thus  rupture  into  the  peritoneal  cavity  is 
prevented.  After  adhesions  have  been  formed,  the  ulcer  may  burmw 
into  the  various  organs  or  tissues  to  which  it  is  adherent,  the  eroded 
pancreatic  or  liver-tissue,  etc.,  coming  in  this  way  to  form  the  floor  of  the 
ulcer.     The  cavities  thus  produced  sometimes  become  the  sites  of  Beptic 
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infection,  and  acute  septicaemia  may  be  a  later  result.  Perforation  into 
the  pleural  cavity,  into  the  lung  or  a  bronchus,  and  into  the  pericardium 
is  sometimes  a  sequel. 

(c)  Stricture. — The  ulcer,  when  situated  at  or  near  the  pylorus, 
frequently  leads  to  stricture,  with  partial,  or  sometimes  almost  complete, 
obstruction.  When  further  from  the  pylorus,  such  constriction  may 
produce  the  condition  known  as  hour-glass  contraction  of  the  stomach 
(see  p.  747).  Peristalsis  is  delayed,  dilatation  and  perhaps  a  considerable 
degree  of  hypertrophy  of  the  stomach  above  the  constriction  take  place, 
whilst  other  ulcers  form  behind  the  constriction. 

(d)  Healing  of  the  Ulcer  is  a  very  usual  occurrence,  flat  cicatrices 
being  produced  w7hich  may  lead  to  considerable  contraction  and  pucker- 
ing of  the  surrounding  stomach- wall.  In  the  granulation-tissue  at  the 
base  of  such  ulcers,  numerous  eosinophil  cells  are  sometimes  found 
(fig.  344) .  If  the  ulcers  are  near  the  pyloric  ring,  the  cicatricial  contraction 
may,  as  already  mentioned,  lead  to  the  production  of  marked  stenosis. 

(e)  Cancer. — Many  observers  hold  that  cancer  of  the  stomach  results 
from,  and  commences  at  the  site  of,  a  chronic  ulcer.  It  is  difficult  to 
establish  this,  but  many  cases  of  cancer  have  a  definite  history  pointing 
to  a  previous  chronic  gastric  ulcer.  Wilson  and  MacCarty,  at  the  Mayos' 
clinic,  examined  153  cases  of  cancer  removed  by  operation,  and  state 
that  109  of  these  shewed  naked-eye  and  microscopical  evidence  that 
carcinoma  had  developed  from  pre-existing  ulcers. 

DILATATION  AND  HYPERTROPHY  :— 

These  conditions  generally  result  from  obstruction  to  the  passage 
of  food  through  the  pylorus;  but  dilatation  may  also  result  from 
accumulation  of  gas  derived  from  bacteria,  etc.,  causing  the  putre- 
factive changes  which  are  frequently  associated  with  chronic  gastritis — 
the  inflammatory  condition  of  the  stomach  no  doubt  aiding,  by  lessening 
peristalsis  and  weakening  the  muscular  wall. 

Acute  dilatation  is  said  to  occur  frequently  after  a  severe  shock. 
This  so-called  "  idiopathic  dilatation  "  is  supposed  to  be  due  to  an  inter- 
ference with  the  nervous  mechanism  of  the  organ.  An  extremely 
important  form  of  such  acute  dilatation  is  sometimes  found  following 
operations,  especially  those  on  the  abdominal  cavity.  As  a  result  of 
the  dilatation,  the  greater  curvature  is  displaced  downwards,  and 
sometimes  the  pylorus  is  depressed. 

The  muscular  wrall  of  the  stomach,  in  cases  in  which  the  pylorus  is 
obstructed,  undergoes  hypertrophy,  which  is  specially  marked  at  the 
pyloric  end,  but  may  involve  the  whole  organ  and  even  the  oesophagus, 
especially  in  infants  with  congenital  hypertrophic  pyloric  stenosis. 

ATROPHY  AND  DEGENERATIONS  :— 

Atrophy  of  the  glands  and  gland-tubules  is  common  in  chronic 
gastritis ;  and,  in  cases  of  obstruction  in  the  oesophagus  or  at  the  cardiac 
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orifice  of  the  stomach,  atrophy  may  also  occur.  In  starvation  and  in 
wasting  diseases,  the  stomach-wall  may  shew  marked  atrophic  thinning. 
Fatty  degeneration  of  the  cells  of  the  glands  and  gland-tubules,  and  of 
the  vascular  endothelium,  results  from  acute  or  chronic  poisonings, 
whether  of  an  organic  or  inorganic  nature.  This  condition  is  seen 
especially  in  phosphorus-poisoning,  in  septicemia,  and  similar  conditions. 


Fig.  345. — Encephaloid  or  Soft  Cancer  at  the  cardiac  end  of  the  Stomach  immediately 
below  the  opening  of  the  oesophagus.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  Al.  D.  g.  1.) 

Waxy  or  Amyloid  Degeneration  is  rarely  found  in  the  blood-vessels 
of  the  mucous  and  submucous  coats  of  the  stomacli. 


GRANULOMATA :— 

TUBERCULOSIS  and  SYPHILIS  rarely  produce  any  characteristic 
local  lesions  in  the  stomach,  though  in  some  cases  of  advanced  pul- 
monary tuberculosis,  especially  in  children,  the  occurrence  of  tuberculous 
ulceration  of  the  stomach  has  been  described.  Ulceration,  even  with 
perforation,  has  been  described  as  resulting  from  syphilis,  but  the  more 
usual  sequel  is  stricture  either  at  the  pyloric  or  cardiac  orifice. 
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TUMOURS  :— 

Fibromas,  myomas,  lipomas,  and  simple  adenomas  are  occasion  ally- 
found.  Sarcomas  are  rare,  and,  when  present,  are  generally  of  the 
small  round-celled  type,  especially  lympho-sarcomas. 

Carcinoma  is  the  commonest  and  most  important  form  of  tumour  of 
the  stomach.  It  occurs  generally  in  the  later  periods  of  life,  and  is 
commoner  in  the  male  than  in  the  female.  The  most  frequent  sites  are 
the  pyloric  end  of  the  stomach  and  the  lesser  curvature,  though  it  may 
develop  at  the  cardiac  orifice  or  at  some  area  in  the  body  of  the  organ. 
About  sixty  per  cent,  of  tumours  are  found  at  the  pylorus  or  in  its  vicinity, 


Fig.  346. — Cancer  of  the  Stomach.  A  large  fungating  mass  growing  from  tho  anterior 
wall  and  shewing  extensive  ulceration.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  Al.  D.  g.  14.) 


twenty  per  cent,  at  or  near  the  lesser  curvature,  ten  per  cent,  at  the 
cardiac  orifice,  and  ten  per  cent,  at  other  parts  of  the  stomach-wall. 

The  tumours  are  usually  adenomatous  in  type,  and  frequently  shew 
colloid  or  myxomatous  degeneration.  Those  at  or  near  the  pylorus 
grow  rather  slowly,  and,  during  their  growth,  a  considerable  amount  of 
fibrous  tissue  is  formed,  with  only  a  moderate  degree  of  cellular  pro- 
liferation, giving  a  tumour  of  the  scirrhus  type.  In  some  of  these  cases, 
the  fibrous  tissue  is  so  abundant  that  the  cancer-cells  are  difficult  to 
find,  and  it  may  be  that  some  of  the  so-called  fibrous  strictures  are 
really  cancers  in  which  the  fibrous  overgrowth  has  prevailed.  Fibrous 
strictures  of  the  pylorus,  due  to    chronic  inflammatory  changes,  occur, 
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and  cases  are  not  infrequently  reported  in  which  a  large  "  tumour,' ' 
supposed  to  be  cancer,  had  been  previously  present  and  had  disappeared 
after  gastro -enterostomy.  This  disappearance  is  taken  as  proof  that 
the  mass  was  inflammatory.  It  is  just  possible  that  some  of  these  cases 
may  be  carcinomata  in  which  the  fibrous  overgrowth  has  isolated,  and 
eventually  destroyed, the  cancer-cells.  Carcinomas  in  the  body  of  the  organ 
and  in  the  lesser  curvature  grow  more  rapidly,  and  may  form  irregular, 
fungating,  cauliflower-like  excrescences,  projecting  into  the  cavity  (see 
fig.  346).  These  tumours  are  very  cellular,  and  exhibit  the  type  of 
malignant  adenoma  or  sometimes  encephaloid  cancer. 

Effects  on  the  Stomach. — Cancer  at  the  pyloric  orifice  causes  a  ring- 
like  infiltration  of  the  mucous  and  submucous  tissues,  and  thus  produces 
a  stenosis  of  the  orifice  which  leads  to  dilatation  and  hypertrophy  of  the 
organ,  with  stagnation  of  food  and  consequent  fermentation-changes, 
these  latter  being  aided  by  alterations  in  the  normal  secretions  and  the 
multiplication  of  various  bacteria,  yeasts,  torulae,  etc. 

Ulceration  of  the  inner  surface  of  the  tumour,  and  haemorrhage,  are 
usually  later  manifestations.  A  tumour  at  the  cardiac  orifice  is,  as  a 
rule,  small,  unless  it  is  associated  with,  and  a  continuation  of,  a  squamous 
epithelioma  of  the  oesophagus.  But,  in  this  situation,  the  tumour  is 
more  liable  to  damage;  and,  therefore,  ulceration  is  a  common  feature 
of  the  condition.  Cancer  of  the  body  of  the  stomach  frequently  becomes 
ulcerated,  and  haemorrhage  is  a  common  sign  of  the  disease. 

Method  of  Extension  of  Cancers  of  the  Stomach. — The  extension  of 
the  tumour  takes  place  by  an  infiltration  of  the  mucous  and  submucous 
coats,  leading  to  general  thickening  of  a  considerable  portion  of  the 
stomach-wall,  or  to  the  formation  of  irregular  fungating  outgrowths. 
These  fungating  masses  are  very  vascular,  and  are  easily  damaged,  and 
in  them  ulceration  is  extremely  common.  The  infiltration  may  spread 
into  the  muscular  and  peritoneal  coats,  and,  in  rare  instances,  perforation 
may  result.  Occasionally,  especially  in  slow-growing  cases,  the  infiltrated 
and  thickened  stomach-wall  may  undergo  great  contraction,  and  may 
even  come  to  form  a  narrow,  thick-walled  tube,  somewhat  resembling 
a  piece  of  thickened  intestine — the  so-called  "leather-bottle  stomach." 
Secondary  growths  are  common  in  the  liver  and  in  the  peritoneum ;  and 
the  lymphatic  glands  in  connection  with  the  stomach  are  usually  involved. 
Infection  of  the  mediastinal  glands  may  occur,  and  it  is  not  uncommon 
to  find  enlarged  cancerous  glands  at  the  root  of  the  neck  in  such  cases. 
Occasionally,  widespread  secondary  growths  in  bones,  especially  in  the 
bodies  of  the  vertebrae,  but  sometimes  in  practically  every  bone  in  the 
body,  may  supervene. 

PLASTIC  LINITIS.   (Cirrhosis  of  Stomach  :  Fibromatosis  of  Stomach.) — 
This  condition — if  it    exists  apart   from   malignant   disease     is    rare, 
and  consists  of  a  diffuse  thickening  involving  chiefly  the  Bubmncons  < 
It  is  a  disease  of  adult  life  and  commences  usually  about  the  pylorus. 
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Cases  have  been  described  by  various  authors,  but  some  of  these  have 
been  shewn  by  the  later  history  to  be  malignant,  producing  secondary 
growths  in  the  liver.  Doubts  have  been  expressed  as  to  whether  all  these 
cases  would  not  have  been  shewn  to  be  malignant  (the  fibrous-scirrhus 
type)  if  a  sufficiently  exhaustive  microscopical  examination  had  been  made. 

DISEASES   OF  THE   INTESTINES 

CONGENITAL  MALFORMATIONS  :— 

From  a  fault  of  development,  part  of  the  large  or  the  small  intestine 
may  be  absent.  This  condition  is  seen  especially  in  the  rectum,  the  lower 
part — the  proctodeum — not  having  united  with  the  portion  above,  so 
that  the  condition  of  imperforate  anus  is  produced.  In  some  cases,  the 
rectum  has  been  found  to  open  into  the  urethra  in  males,  and  into  the 
navicular  fossa  of  the  vulvar  cleft  in  females,  or  to  end  in  a  fibrous  cord 
at  the  base  of  the  prostate  or  in  connection  with  the  vagina.  There 
may,  in  other  cases,  be  congenital  narrowness  and  defective  development, 
sometimes  with  complete  occlusion,  in  the  small  intestine,  especially  in  the 
duodenum  and  the  lower  end  of  the  ileum,  close  to  the  ileo-csecal  valve ;  or 
there  may  be  stenosis  at  the  junction  of  the  pelvic  colon  with  the  rectum. 

The  commonest  malformation  is  a  Meckel's  diverticulum.  This  varies 
from  a  slight  rounded  bulge  to  a  long  tube-like  pouch,  which  is  most 
commonly  some  two  or  three  inches  long,  and  may  be  continued  by  a 
fibrous  cord.  In  infants,  it  is  found  at  from  twelve  to  eighteen  inches, 
and,  in  adults,  at  from  two  to  three  feet;  above  the  ileo-csecal  valve.  It 
possesses  the  same  structure  as  the  intestine,  has  usually  a  somewhat 
narrower  calibre,  and  is  in  direct  communication  with  it.  This  diver- 
ticulum arises  from  the  imperfect  closure  of  the  omphalo-mesenteric 
duct,  and  is  sometimes  connected  with  the  umbilicus,  where,  if  not 
completely  closed,  it  gives  rise  to  a  faecal  fistula.  If  the  lumen  in 
some  part  of  its  course  becomes  shut  off,  the  dilatation  which  follows,  as 
a  result  of  the  accumulation  of  secretion  in  this  closed  sac,  may  give 
rise  to  the  formation  of  a  cyst — the  so-called  enterocystoma. 

Diverticula  are  not  uncommon  in  old  people — especially  in  those  who 
are  the  subjects  of  visceroptosis — in  the  posterior  wall  of  the  duodenum 
near  the  termination  of  the  common  bile-duct.  They  are  composed 
wholly  of  mucous  membrane  and  are  probably  due  to  pressure  or 
traction,  as  they  occur  at  the  weak  points  in  the  musculature  of 
the  duodenum,  and  may  be  mistaken  at  an  operation  or  post- 
mortem for  ulcers.  Smaller  diverticula  are  found  in  the  duodenum, 
jejunum,  or  other  part  of  the  intestinal  tract,  and  not  infrequently 
have  an  aberrant  portion  of  pancreatic  gland  at  their  apices,  the 
presence  of  the  latter  in  the  intestinal  wall  forming  a  weak  spot,  at 
which  pouch-  or  finger-like  dilatations  supervene.  Faecal  concretions 
may  be  formed  or  may  accumulate  in  these  diverticula,  and  give  rise  to 
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inflammatory  reactions  and  suppuration ;  and  thus  abscesses  are  formed 
in  the  tissues  round,  especially,  the  more  fixed  parts  of  the  intestine,  e.g. 
the  rectum.  Diverticula  or  irregular  pouches  of  mucous  membrane  of  the 
intestine,  particularly  the  colon,  especially  in  the  descending  and  sigmoid 
portions,  are  also  found  passing  between  the  layers  of  the  mesentery 
{see  fig.  347),  and  inflammatory  changes  sometimes  occur  in  them — a 
condition  known  as  diverticulitis.     The  presence  of  such  diverticula  has 


Fig.  347. — Multiple  Diverticula  of  the  Intestine. 


been  demonstrated,  in  the  living  subject,  by  X-ray  examination  after 
a  bismuth-  or  barium-meal. 

TRANSPOSITION. — Occasionally,  transposition  of  the  intestines 
occurs  without  transposition  of  the  other  viscera.  Usually,  however, 
it  forms  part  of  a  more  generalised  transposition   {see  fig.  341). 

DILATATION  of  a  more  or  less  uniform  character  may  result  from 
prolonged  constipation,  or  from  unknown  causes,  and  is  sometimes  very 
extreme  in  degree.  In  "  Hirschprung's  disease,"  or  megacolon,  enormous 
dilatation  of  the  pelvic  colon  and,  in  some  cases,  also  of  the  iliac  and 
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descending  portions  of  the  colon,  occurs,  usually  along  with  hypertrophy 
of  the  circular  muscle-fibres  in  the  wall.  In  cases  in  which  the  condition 
has  lasted  for  some  time,  considerable  fibrous  hyperplasia  occurs,  and,  if 
scybalous  masses  are  retained  in  the  dilated  bowel,  numerous  irregular 
ulcers  of  the  mucosa  may  be  present.  The  cause  of  the  condition  is 
not  understood.  Acute  dilatation  or  distension  of  the  intestine  is  a 
common  manifestation  in  cases  of  inflammatory  conditions  in  the 
abdomen,  e.g.  peritonitis. 

HERNIA  :— 

This  term  has  a  very  wide  application,  but,  in  the  abdominal  cavity, 
it  is  generally  taken  as  applying  to  a  protrusion  of  some  part  of  the 
intestine,  the  omentum,  or  other  portion  of  the  abdominal  contents,  into 
a  sac  composed  of  a  prolongation  of  the  peritoneum.  The  two  commonest 
forms  are  inguinal  and  femoral  hernias.  The  former  is  a  protrusion,  usually 
of  some  portion  of  the  intestine,  of  the  omentum,  or  of  both  of  these, 
through  the  external  inguinal  ring,  the  contents  descending  through  the 
inguinal  canal :  or  a  protrusion  directly  forwards  through  the  internal 
inguinal  ring  under  the  skin  of  the  abdomen.  Femoral  hernias  are 
especially  common  in  women,  and  consist  of  a  protrusion  of  some  part 
of  the  abdominal  contents  through  the  femoral  ring,  the  hernia  shewing 
itself  at  the  antero-internal  aspect  of  the  thigh,  at  the  position  of  the 
saphenous  opening.  Hernias  at  the  sciatic  notch  and  at  the  obturator 
foramen,  or  into  the  perineum  or  the  vagina,  at  the  umbilicus,  at  the 
sites  of  surgical  and  other  wounds,  etc.,  need  only  be  mentioned.  Full 
descriptions  of  these  will  be  found  in  textbooks  of  Surgery. 

^Etiology. — Hernias  may  be  congenital  or  acquired.  In  the  congenital 
hernia,  the  sac  consists  of  either  the  unobliterated  umbilical  process  or 
the  funiculo-vaginal  process,  of  the  testis  in  the  male  or  the  canal  of 
Nuck  in  the  female.  The  umbilical  process  may  give  rise  to  the  sac 
of  a  congenital  umbilical  hernia,  and  the  funiculo-vaginal  to  that  of  a 
congenital  hernia  of  the  vaginal  process,  or  of  the  funicular  process, 
or,  more  rarely,  in  the  female,  of  a  congenital  hernia  of  the  canal 
of  Nuck.  In  the  production  of  acquired  hernia,  two  important  factors 
come  into  play,  viz.  undue  pressure,  and  weakness  of  the  supporting 
structures.  Hernias  resulting  from  undue  pressure  most  commonly  arise 
as  a  consequence  of  severe  muscular  efforts,  such  as  are  involved  in 
lifting  heavy  weights,  constant  coughing,  etc.  The  contraction  of  the 
muscles  of  the  abdominal  wall  exerts  considerable  pressure  on  the 
contents  of  the  abdomen,  the  wall  gives  way  at  specially  unsupported 
parts,  and  more  or  less  of  the  contents  are  protruded. 

Pathological  Anatomy. — In  the  congenital  forms,  the  intestines  or 
other  contents  project  into  the  pre-existent  tubes  or  sacs  of  peritoneum 
already  referred  to.  In  the  acquired  forms  of  hernia,  the  sac  is  com- 
posed of  stretched  peritoneum.  In  rare  cases,  this  may  rupture  or 
disappear,  and  no  definite  sac  be  present. 
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The  sac  usually  acquires,  by  a  chronic  inflammatory  process,  adhesions 
to  the  structures  among  which  it  is  protruded,  and  sometimes  to  its 
contents. 

Contents  of  the  Sac. — The  parts  most  commonly  protruded  are  some 
portion  of  the  intestines  and  the  omentum,  but  the  sac  may  contain  any 
part  of  the  abdominal  contents.  The  neck  of  the  hernial  protrusion  is 
usually  constricted,  and  this  constriction  may  be  so  marked  as  to  cause 
interference  with  the  blood-supply  to  the  contents.  The  most  direct 
effect  is  obstruction  of  the  veins,  producing  congestion  and  oedema.  The 
protruded  portion  may  become  dark  in  colour.  Later,  arterial  obstruction 
may  take  place,  and  this,  if  sufficiently  complete,  leads  to  the  occurrence 
of  gangrene.  Obstruction  to  the  onward  passage  of  the  contents  of  the 
bowel  is  another  important  consequence. 

Internal  Hernias  are  generally  protrusions  of  parts  of  the  abdominal 
contents  into  pre-existing  pouches,  or  through  normal  or  abnormal 
apertures.    The  two  most  important  of  these  are — 

1.  Diaphragmatic  Hernia. — The  true  diaphragmatic  hernia  is  a  pro- 
trusion into  the  chest  of  some  of  the  abdominal  contents,  through  one 
of  the  normal  apertures,  or  through  a  part  of  the  diaphragm  which,  by 
reason  of  defective  development,  is  absent,  has  given  way,  or  has  been 
ruptured  by  mechanical  injury.  The  contents  of  the  hernial  sac  are 
most  usually  intestine,  spleen,  liver,  or  stomach. 

2.  Retroperitoneal  Hernia  consists  of  a  protrusion  into  pre-existing 
peritoneal  pouches,  which  generally  he  behind  the  peritoneum,  from 
which  they  are  offshoots.  The  most  important  of  these  pouches  is  the 
paraduodenal  fossa,  which  lies  behind  the  last  part  of  the  duodenum, 
and  arises  at  the  junction  of  the  duodenum  and  jejunum. 

Post-operative  Hernia. — Portions  of  intestine  or  omentum  may  find 
their  way  into  stretched  scars  or  imperfectly  closed  wounds  resulting 
from  operations  in  the  abdomen. 

STRANGULATION  :— 

Internal  strangulation  may  be  brought  about  by  compression  and 
obstruction  of  the  intestine  by  fibrous  peritoneal  adhesions,  by  a  persist- 
ent cord  of  a  Meckel's  diverticulum,  by  a  twisting  of  the  coils  upon 
themselves  (volvulus),  or  by  the  passage  of  a  loop  of  bowel  through  an 
abnormal  opening  in  the  mesentery  or  elsewhere.  Dilatation  of  the 
intestine  occurs  above  the  seat  of  the  obstruction ;  and  congestion,  haemo- 
rrhage into  the  lumen  of  the  bowel  and  perhaps  into  the  peritoneal  cavity, 
peritonitis,  necrosis,  gangrene,  and  perforation  may  result.  Strangulation 
of  the  bowel  in  a  hernial  protrusion  has  already  been  described. 

VOLVULUS  may  affect  practically  any  part  of  the  more  mobile  portions 
of  the  bowel,  may  even  involve  the  caecum  when  it  possesses  a  mesentery, 
but  is  most  frequently  found  in  the  pelvic  colon.  This  portion  of  the 
intestine  is  attached  by  its  two  ends  to  a  fixed  point,  and  it  sometimes 
twists  round  this  as  an  axis — the  upper  loop  generally  turning  round  the 
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lower.  The  twisting  causes  obstruction,  and  the  bowel  above  the  con- 
striction becomes  greatly  distended;  and,  if  the  condition  persists  and 
does  not  at  once  lead  to  a  fatal  issue,  the  muscular  walls  may  become 
hypertrophied.  The  constriction  may  be  very  marked,  and  may  produce 
congestion,  haemorrhage,  necrosis,  and  gangrene  of  the  bowel  and 
peritonitis,   and  rapidly  cause  death. 

INTUSSUSCEPTION  :— 

This  is  a  condition  in  which  one  part  of  the  intestine  is  invaginated 
into  the  lumen  of  the  immediately  adjoining  part.  It  may  occur  at  any 
part  of  the  bowel,  the  most  usual  site  being  at  the  ileo-caecal  valve, — 
the  valve  and  the  ileum  being  carried  into  the  ascending  portion  of  the 
colon.  The  invagination  may  be  extreme,  and  the  apex  of  the  intus- 
susception may  even  present  at  the  anus.  Sometimes,  but  much  less 
frequently,  the  invagination  occurs  in  the  small  intestine.  In  whatever 
situation  it  takes  place,  it  is  always  the  upper  part  of  the  bowel  which 
slips,  or  rather  is  drawn,  into  the  lower ;  for  it  is  by  the  peristalsis  of  the 
lower  part,  and  the  absence  of  peristalsis  in  the  enclosed  upper  portion, 
that  the  invagination  occurs.  Once  the  condition  has  commenced,  it 
may  continue  as  long  as  the  peristalsis  lasts,  and  more  and  more  of 
the  intestine  be  thus  invaginated.  The  mesentery  is  carried  in  with 
the  intestine,  and,  by  being  dragged  upon  at  one  side,  it  may  give  to  the 
bowel  an  oblique  direction.  The  packing-in  of  the  intestine,  and  the 
pressure  on  the  mesenteric  veins,  cause  congestion  of  the  bowel,  and,  it 
may  be,  haemorrhage  into  its  coats,  interference  with  its  nutrition, 
inflammatory  changes,  and  even  gangrene.  Sloughing,  with  general 
peritonitis,  may  result ;  or  permanent  adhesions  may  occur  between  the 
outer  ensheathing  part  and  the  upper  end  of  the  included  portion,  and, 
in  the  latter  case,  the  invaginated  part  may,  by  necrotic  or  gangrenous 
changes,  become  separated  and  be  passed  fer  rectum,  the  continuity  of 
the  bowel  being  restored,  with  the  loss  of  this  gangrenous  portion. 

u  Agony-intussusception." — Invaginations  in  the  small  intestine  are 
frequently  seen  at  post-mortems.  They  are  very  common  in  children, 
especially  in  intestinal  cases,  and  are  often  multiple — as  many  as  a 
dozen  or  more  being  not  infrequently  found.  They  are  usually  small, 
but  occasionally  may  be  two  or  three  inches  long.  These  shew  no  inflam- 
matory or  congestive  changes,  are  without  adhesions  and  are  easily 
undone  on  gentle  traction.  They  are  probably  due  to  local  interference 
with  peristalsis  during  the  death-agony,  and  are  of  no  special  pathological 
significance. 

PROLAPSE  OF  THE  INTESTINE  :— 

This  is  usually  a  prolapse  of  the  lower  part  of  the  rectum  and  anal 
canal  (prolapsus  ani),  due  to  a  weakness  of  the  sphincter  and  to  constant 
straining.  It  is  commonest  in  young  children,  but  may  occur  in  adults 
and  is  frequently  associated  with  haemorrhoids.     In  some  cases,  the 
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mucous  membrane  of  the  lower  part  of  the  rectum  alone  is  protruded ; 
whilst,  in  other  cases,  the  upper,  more  movable  part  of  the  rectum  may 
be  invaginated  into  the  lower  part  and  then  protruded.  The  exposed 
mucous  membrane,  if  not  immediately  replaced,  becomes  inflamed;  and 
ulceration,  haemorrhage,  and  necrosis  may  subsequently  result. 

ATROPHY  AND  HYPERTROPHY  :— 

ATROPHY  of  the  mucous  membrane  of  the  intestine  may  occur  in  any 
wasting  disease,  such  as  tuberculosis,  cancer,  etc.,  or  as  a  result  of  chronic 
inflammatory  conditions,  and  is  frequently  seen  in  cases  of  pernicious 
anaemia  and  in  children  the  subject  of  marasmus.  Atrophy  of  the 
various  coats  may  occur  from  interference  with  function,  and  is  sometimes 
seen  as  a  result  of  starvation,  or  in  the  intestine  below  the  site  of  a 
stricture,  or  even  throughout  the  whole  of  the  intestine  in  cases  of  cancer 
of  the  oesophagus  or  of  the  cardiac  or  pyloric  orifices  of  the  stomach. 
The  atrophy  is  sometimes  masked  by  a  general  cedematous  condition 
of  the  intestinal  mucous  membrane. 

HYPERTROPHY,  especially  of  the  muscular  coat,  occurs  above  the 
sites  of  strictures  or  in  cases  of  chronic  obstruction  produced  by  other 
causes,  and  is  usually  associated  with  dilatation.  Congenital  hyper- 
trophies of  the  various  sphincteric  areas  of  the  alimentary  canal  are 
described  on  pp.  747,  755. 

Hypertrophy  of  the  lymphoid  tissue  is  a  very  marked  and  con- 
stant feature  in  those  cases  which  have  been  described  under  the  term 
"lymphatism,"  the  solitary  follicles  standing  out  as  little  bead-like 
swellings,  and  the  Peyer's  patches  often  shewing  even  more  marked 
swelling  than  that  seen  in  typhoid  fever  before  ulceration. 

DEGENERATIONS  :— 

The  most  important  of  these  is  amyloid  or  waxy  degeneration,  which 
is  usually  associated  with  waxy  changes  in  the  liver,  kidneys,  and  spleen, 
in  tuberculous  disease  or  in  syphilis.  It  affects  the  arteries  and  capil- 
laries of  the  mucosa  and  submucosa,  and  is  seen  especially  in  the  vessels 
of  the  villi.  The  intestine  looks  smooth  and  pale  or  greyish  in  colour, 
but  the  condition  is  best  detected  by  the  application  of  iodine,  when 
the  vessels  shew  as  a  mahogany-brown  network.  This  degeneration  is 
usually  associated  with  chronic  catarrh.  Superficial  erosions  or  ulcers 
may  be  present. 

CIRCULATORY  DISTURBANCES  :— 

(a)  CHRONIC  VENOUS  CONGESTION  is  a  common  pathological 
change  in  the  intestine,  and  is  the  result  of  obstruction  to  the  portal 
circulation  or  of  a  general  venous  obstruction.  Diseases  of  the  liver — 
especially  cirrhosis — and  diseases  of  the  heart  and  of  the  lungs,  are  the 
most  prominent  factors  in  its  causation.  The  mucous  membrane  becomes 
swollen,  and  assumes  a  dark  bluish  or  even  a  slate-grey  colour.    Haemo- 
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rrhages  in  the  submucous  and  mucous  coats  are  frequently  seen.  There 
usually  is  associated  catarrh,  and,  perhaps,  oedema,  the  latter  condition 
being,  as  a  rule,  specially  marked  in  the  duodenum  and  upper  part  of 
the  jejunum. 

(b)  HEMORRHAGE. — Petechial  haemorrhages  occur  in  the  mucous 
and  submucous  coats  of  the  intestine  in  various  infective  diseases,  in 
cases  of  profound  anaemia,  in  poisoning  with  phosphorus  and  other 
substances,  and  in  chronic  venous  congestion.  Larger  haemorrhages 
may  occur  from  any  part  of  the  intestinal  tract  after  severe  burns  of  the 
skin,  or  of  the  skin  and  subcutaneous  tissues :  secondary  to  malignant 
growths,  and  as  the  result  of  intense  inflammatory  changes  in  the  intestine 
itself,  especially  in  cases  of  specific  infection  and  where  ulceration  occurs, 
as  in  typhoid  fever,  in  dysentery,  in  ankylostomiasis,  and  in  duodenal 
ulcer.  Large  haemorrhages  either  into  the  lumen  or  into  the  wall  of  the 
intestine  occur  in  Henoch's  purpura,  and  may  simulate  intussusception 
with  acute  obstruction,  giving  palpable  sausage-shaped  tumours.  They 
may  be  followed  by  acute  inflammatory  changes,  necrosis,  gangrene, 
ulceration,  peritonitis,  etc.,  and  are  often  fatal.  Obstruction  of  the 
superior  mesenteric  artery  or  some  of  its  branches  is  a  comparatively 
rare  condition,  but  when  it  occurs,  as  by  embolism  or  thrombosis,  great 
engorgement  follows,  often  with  haemorrhage,  the  area  of  infarction 
usually  undergoing  necrosis  and  gangrene  before  any  collateral  circula- 
tion is  set  up.  Strangulation,  or  intussusception,  however  produced, 
may  give  rise  to  haemorrhage.  Clinically,  such  conditions  are  charac- 
terised by  the  passage  of  blood  in  the  stools.  The  amount  and  appear- 
ance of  such  blood  vary  greatly  according  to  the  site  and  nature  of  the 
lesion.  It  may  be  clotted  or  fluid,  bright  red  if  fresh,  or — if  altered  by 
the  action  of  the  sulphuretted  hydrogen  in  the  bowel — of  a  brownish- 
black  or  black  colour,  the  condition  being  then  known  as  melsena.  It 
may  be  so  small  in  amount  as  to  be  diagnosed  only  by  special  tests  for 
"  occult  blood."  Blood  in  the  stools  may,  of  course,  also  originate  from 
some  lesion  such  as  malignant  disease  or  simple  ulcer  of  the  stomach,  or 
the  blood  may  have  been  swallowed. 

Local  haemorrhage  from  the  rectum  itself  may  result  from  the  rupture 
or  ulceration  of  haemorrhoids,  which  are  produced  by  varicose  dilatation 
of  the  veins  of  the  rectum  and  anal  canal.  They  are  found  usually  at 
the  lower  part  of  the  bowel,  outside  or  inside  the  sphincter  ani.  The 
main  cause  of  their  production  is  obstruction  of  the  portal  venous  circu- 
lation, which  may  be  brought  about  by  such  conditions  as  cirrhosis  of 
the  liver,  repeated  pregnancies,  tumours  in  the  pelvis,  or  chronic  con- 
stipation; but  another  important  factor  is  obstruction  to  the  systemic 
venous  circulation.  The  haemorrhoidal  veins — being  radicles  of  the 
portal  vein,  and  also  communicating  freely  with  the  neighbouring 
tributaries  of  the  inferior  vena  cava — become  dilated  when  there  is  inter- 
ference with  the  blood-flow  in  either  of  these  great  systems.  In  chronic 
constipation,  the  faeces  become  unduly  solid,  and  cause  constant  pressure 
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on  the  ascending  veins,  the  contraction  of  the  rectal  wall  is  increased 
in  force,  and  this  tends  to  constrict  the  apertures  through  which  the 
veins  pass,  and  the  expulsive  expiratory  efforts,  which  raise  the  blood- 
pressure  in  the  portal  and  systemic  venous  system,  are  prolonged.  The 
repeated  and  severe  distension  thus  induced  leads  to  the  production  of 
permanent  varicosity. 

The  haemorrhoids  may  be  external  and  the  veins  surrounding  the  anal 
margin  be  alone  distended ;  but,  more  commonly,  internal  and  external  piles 
occur  together.  Usually,  the  connective  tissue  supporting  the  veins  is 
hypertrophied  as  a  result  of  repeated  irritation  or  recurrent  inflammatory 
attacks. 

Internal  haemorrhoids  consist  primarily  of  a  dilatation  of  the  radicles 
of  the  superior  haemorrhoidal  vein  and,  secondly,  of  connective-tissue 
increase  in  the  columns  of  Morgagni.  At  first,  they  may  appear  as  flat, 
longitudinal  folds  of  mucous  membrane,  but,  later,  they  increase  in  size, 
and  become  more  rounded  and  even  pedunculated.  The  distended  veins 
may  rupture,  or  ulceration  may  take  place.  As  they  increase  in  size, 
they  may  become  prolapsed  through  the  anus.  The  haemorrhoids  appear 
as  polypoid  elevations  of  a  dark  red,  congested  appearance.  On  section, 
these  are  found  to  consist  of  dilated  veins,  with  more  or  less  inflam- 
matory connective  tissue  as  a  supporting  structure.  Thrombosis  may 
occur  in  them;  the  clot  may  organise  and  the  pile  be  reduced  to  a 
small  fibrous  mass ;  or  an  infective  phlebitis  may  be  set  up. 

INFLAMMATION  :- 

The  inflammatory  affections  of  the  intestine  involve  especially  the 
mucous  and  submucous  coats,  and  vary,  both  in  character  and  in  intensity, 
from  those  which  shew  merely  catarrhal  changes  to  those  in  which 
there  is  suppuration  or  extensive  ulceration. 

(1)  ACUTE  CATARRHAL  ENTERITIS  is  a  very  common  affection  of 
children,  but  may  occur,  especially  in  the  duodenum,  in  adults.  The 
causal  factor  is  usually  the  ingestion  of  unsuitable  food,  or  exposure  to 
cold ;  or  the  condition  may  occur  as  the  result  of  one  of  the  acute  infective 
fevers.  In  some  of  the  severer  affections  of  the  bowel,  e.g.  in  the 
summer-  or  autumn-diarrhcea  of  children,  there  seems  little  doubt  that 
bacteria,  in  most  cases  in  contaminated  milk  and  other  foods,  play  an 
important  part.  The  large  intestine,  with  the  caecum  and  the  vermiform 
appendix,  are  common  sites,  but  the  condition  frequently  occurs  at  the 
lower  part  of  the  ileum,  just  above  the  ileo-caecal  valve,  and  may  also 
be  found  in  other  parts  of  the  small  intestine.  The  congestion  may  be 
diffuse,  or  it  may  be  localised  especially  to  the  valvules  connivenies  and  the 
tissues  round  the  solitary  glands.  The  mucous  membrane  may,  in 
addition,  be  swollen,  soft,  and  covered  wholly,  or  in  parts,  with  a  layer 
of  viscid  mucus.  In  some  cases,  e.  g.  in  the  catarrh  seen  in  scarlet  fever, 
measles,  diphtheria,  etc.,  there  is  considerable  swelling  of  the  solitary 
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glands,  especially  towards  the  lower  part  of  the  small  intestine ;  whilst, 
in  other  cases,  small  follicular  ulcers,  from  one-sixth  to  one-eighth  of  an 
inch  in  diameter,  are  seen  in  these  swollen  glands.  These  ulcers  may- 
heal  and  leave  small  scars. 

(2)  CHRONIC  CATARRH  is  commonest  in  the  large  intestine,  and  is 
manifested  by  thickening  of  the  mucous  membrane,  and  proliferative 
changes  in  the  glandular  elements,  which  may  lead  to  the  formation  of 
definite  polypoid  elevations.  Ulceration  may  follow,  and,  in  the  later  stages, 
atrophy  occurs,  involving,  not  only  the  mucous  membrane,  but  also  the 
muscular  coat.   The  mucous  membrane  may  exhibit  marked  pigmentation. 

(3)  CCELIAC  DISEASE. — Gee,  in  1888,  described  a  wasting  disease  of 
children  in  which  there  was  abdominal  distension  without  any  apparent 
pathological  lesion.  This  has  since  been  described  under  various  names 
by  different  observers,  and  has  been  more  fully  dealt  with  by  Hutchison 
under  the  term  coeliac  disease.  Mental  symptoms  of  various  kinds  are 
exhibited  by  the  patients,  and,  later,  there  may  be  weakness  of  the  legs. 
The  only  post-mortem  finding  of  importance  is  thinning  and  atrophy  of 
the  intestine  wall.  The  faeces  are  pale  and  offensive  and  always  contain  a 
considerable  excess  of  fat.  Various  hypotheses,  such  as  deficient  secretion 
of  bile  by  the  liver,  imperfect  action  of  the  pancreas,  or,  that  the  con- 
dition is  merely  a  chronic  intestinal  catarrh  due  to  some  specific  type 
of  micro  -organism,  have  been  formulated.  Certainly,  in  some  of  the 
cases,  there  is  a  considerable  excess  of  gram-positive  organisms  in  the 
stools,  but  no  specific  causal  organism  has  been  isolated.  The  character 
of  the  motions  suggests  that  the  condition  is  a  chronic  intestinal  catarrh, 
with,  possibly,  some  pancreatic  insufficiency. 

(4)  FOLLICULAR  ULCERATION.— As  already  stated,  this  condition 
may  occur  in  acute  or  in  chronic  catarrh.  In  waxy  disease  of  the  intes- 
tine and  in  chronic  nephritis,  it  is  commonly  present.  It  may  be  found  as 
a  sequel  of  acute  fevers,  or  be  due  to  the  direct  action  of  specific  bacteria 
on  the  bowel,  as  in  typhoid  fever  and  in  bacillary  dysentery.  So-called 
stercoral  ulceration  is  frequently  seen  in  the  large  intestine,  and  especially 
in  the  caecum,  where  it  may  become  chronic ;  and,  in  many  cases,  it  seems 
to  be  due  to  chronic  irritation  behind  a  stricture  of  the  large  intestine,  or 
to  the  irritation  caused  by  an  accumulation  of  faeces.  The  ulcers  may 
be  solitary  and  somewhat  isolated,  but,  when  very  numerous,  the  mucous 
membrane  presents  a  "  worm-eaten "  appearance  from  confluence  of 
the  individual  ulcers.  Perforation  and  consequent  peritonitis  may 
occur.  Ulceration,  following  gastro-enterostomy,  is  sometimes  found  at 
the  site  of  anastomosis,  or  in  the  jejunum  a  short  distance  from  the 
opening.  The  hyperacidity  of  the  stomach-contents  was  supposed  to 
be  the  main  factor  in  producing  these  ulcers,  but  it  has  been  shown 
experimentally  by  Wilkie  that  other  factors  are  concerned,  such  as 
obstruction  at  the  orifice,  haematoma,  the  irritation  of  unabsorbed 
sutures,  and  the  passage  of  solid  food  over  the  raw  surface  during  the 
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healing  process.     The  ulcers  are  usually  small  and  somewhat  resemble 
the  simple  peptic  ulcers. 

(5)  CROUPOUS  or  FIBRINOUS  ENTERITIS  is  a  rare  condition, 
which  results  especially  from  the  action  of  irritant  poisons,  or  of 
scybala  or  foreign  bodies  which  have  accumulated  in  the  intestine.  The 
fibrinous  deposit  may  be  in  the  form  of  irregular  patches  on  the  valvules 
conniventes,  or  it  may  extend  more  widely.  The  condition  occurs  mainly 
in  the  caecum  and  other  parts  of  the  large  intestine. 

(6)  MEMBRANOUS  ENTERITIS  is  characterised  by  the  formation  of 
a  greyish  membrane  on  the  surface  of  the  large  intestine.  It  generally 
occurs  in  periodic  attacks,  and  is  commoner  in  women  than  in  men. 
Complete  or  incomplete  "  casts  "  of  the  bowel  may  be  passed  per  aniim, 
these  casts  being  composed  of  altered  mucus,  mixed  with  degenerated 
epithelial  cells.  Membranous  enteritis,  caused  by  B.  diphtherial,  has 
been  described. 

(7)  SUPPURATIVE  or  PHLEGMONOUS  ENTERITIS  is  sometimes 
seen  in  cases  of  ulcerative  endocarditis  and  in  Bright's  disease.  Small 
abscesses  may  form  in  the  mucous  or  submucous  tissue,  or  there  may  be 
a  diffuse  suppurative  condition  in  these  coats. 

(8)  DUODENITIS  usually  results  from  an  extension  of  catarrh  of 
the  stomach.  The  catarrh  may  spread  into  the  common  bile-duct,  and 
may,  from  the  swelling  of  the  mucous  membrane,  give  rise  to  obstruc- 
tion, with  resulting  jaundice.  In  other  instances,  the  duodenal  inflam- 
mation may  be  secondary  to  some  pathological  condition  of  the  liver 
and  bile-ducts,  or  to  the  excretion  of  irritant  substances  in  the  bile. 

(9)  DUODENAL  ULCER. — Ulcers,  resembling  those  occurring  in  the 
stomach,  and  probably  caused  in  a  similar  way,  are  frequently  found  in 
the  duodenum.  Acute  ulcers  are  found  in  acute  infective  diseases,  and 
it  is  said  that  a  close  association  exists  between  duodenal  ulcer  and 
appendicitis,  and  that  the  appendix  is  frequently  the  source  of  the  infection. 
Burns  are  said  to  be  causal  of  duodenal  ulcer.  We  have  never  seen  any 
evidence  of  this  in  the  post-mortem  room. 

Chronic  Ulcers,  presenting  the  characters  of  the  simple  peptic  ulcers 
of  the  stomach,  are  found  usually  within  an  inch  of  the  pylorus,  and  are 
generally  situated  on  the  upper  and  anterior  wall.  Haemorrhage  is  frequent , 
and  particularly  from  ulcers  found  on  the  posterior  wall.  Perforation 
may  occur.  Shallow  developmental  depressions  are  sometimes  seen  and 
are  apt  to  be  mistaken  for  ulcers. 

(10)  TYPHLITIS  and  PERITYPHLITIS  are  inflammatory  conditions 
in  in  id  around  the  caecum,  and  should  be  distinguished  from  appendicitis. 
The  inflammatory  reaction  in  the  csecum  may  be  due  to  the  accumulation 
of  f cecal  matter,  to  the  presence  of  parasites,  e.  g.  Trichocephalus  trichiuris 
(T.  dispar),  or  to  intense  catarrh  arising  from  other  causes.  Ulceration 
may  be  produced,  and  the  ulcers  may  perforate  and  give  rise  to  acute 
inflammatory  conditions  with  abscess-formation  outside  the  caecum  (peri- 
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typhlitis).  The  vermiform  appendix  may,  in  such  cases,  be  quite  healthy. 
Acute  tuberculous  ulceration  in  the  caecum  is  by  no  means  uncommon, 
especially  in  children  and  young  adults. 

(11)  APPENDICITIS  is  frequently  primary,  but  also  results  from 
an  extension  of  inflammation  from  the  caecum.  The  swelling  of  the 
mucous  membrane  at  the  mouth  of  the  appendix  causes  obstruction,  and 
the  secretions  of  the  appendix  are  retained,  rendering  the  mucous 
membrane  less  resistant,  and  allowing  bacterial  infection  to  take  place 
more  readily.  In  many  cases,  faecal  and  other  concretions  are  found  in 
the  appendix,  and,  rarely,  foreign  bodies  such  as  grape-seeds,  cherry- 
stones, or  fish-bones.  These  concretions  cause  obstruction  and  irritation, 
and  possibly  inflammatory  reaction,  and,  by  some  authors,  are  regarded 
as  the  important  causal  condition.  In  some  cases,  it  seems  more  probable 
that  these  concretions,  composed  as  they  are  of  inspissated  mucus  and 
desquamated  epithelial  cells,  mixed  with  the  contents  of  the  appendix, 
are  formed  daring  the  progress  of  the  inflammatory  process.  Such  con- 
cretions are  frequently  found  without  any  sign  of  appendicitis.  Parasitic 
worms,  especially  threadworms,  and  more  rarely  Trichocephalus  trichiuris, 
are  found  in  the  appendix.  They  may  give  rise  to  appendicitis,  but, 
in  other  instances,  no  inflammatory  reaction  is  set  up  by  them. 

Morbid  Anatomy. — In  the  catarrhal  form  of  appendicitis,  there  may 
be  only  slight  swelling  and  erosion  of  the  mucosa,  with  some  congestion 
of  the  muscular  coat  and  of  the  peritoneum.  In  the  necrotic  or  gan- 
grenous form,  the  mucous  membrane  is  rapidly  destroyed,  the  muscular 
wall  is  extensively  invaded  by  inflammatory  products,  and,  in  certain 
cases,  the  whole  of  the  coats  are  found  in  a  sloughing  condition.  Peri- 
tonitis is  an  early  sequel,  either  as  a  result  of  penetration  of  bacteria 
through  the  walls,  or  in  consequence  of  perforation.  General  peritonitis 
or,  in  some  cases,  a  suppurative  condition  round  the  appendix  may  follow. 
Between  these  two  forms  of  appendicitis — catarrhal  and  gangrenous — 
there  are  various  grades  in  intensity  of  the  inflammatory  process.  In 
oldstanding  cases,  partial,  or  even,  in  some  instances,  complete, 
obliteration  of  the  lumen,  usually  commencing  at  the  tip,  and  fibrosis, 
supervene. 

(12)  COLITIS. — Under  this  term  various  authors  describe  inflammatory 
infections  of  the  colon  which  may  shew  all  degrees  of  implication  of  the 
intestinal  mucous  membrane,  from  a  mere  slight  surface  catarrh,  up  to 
severe  and  extensive  ulceration. 

Ulcerative  Colitis. — The  condition  is  characterised  by  diarrhoea,  and 
the  stools  may  contain  blood,  pus,  mucus,  and  sometimes  sloughs  of  the 
mucous  membrane.  Various  bacteria  are  associated  with  such  intestinal 
affections,  but  no  special  causal  organism  has  been  established  as  a 
specific  cause.  In  certain  cases,  the  streptococcus  seems  to  be  the  most 
likely  infecting  agent ;  in  other  cases,  some  member  of  the  paratyphoid 
or  dysentery  group  is  the  predominating  organism. 
49 
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Carnegie  Dickson1  has  described  seven  cases,  clinically  resembling 
typhoid  or  paratyphoid,  in  which  the  causal  organism  appeared  to  be 
B.  pyocyaneus. 

(13)  SPECIFIC  INFLAMMATIONS  OF  THE  INTESTINES.— These, 
though  in  many  respects  similar  to  the  forms  above  described,  have 
certain  distinctive  characteristics,  and  are  caused  by  known,  specific, 
bacterial,  or  other  parasites. 

(a)  DYSENTERY. — This  term  has  been,  in  recent  years,  more  or  less 
indiscriminately  applied  to  any  condition  producing  blood  and  mucus 
in  the  stools,  or  even  to  diarrhoea  alone,  but  we  here  confine  it  to  the  two 
distinct  forms,  that  due  to  the  Entamoeba  histolytica  and  that  caused  by 
the  bacillus  of  Flexner  or  Shiga.  In  this  restricted  sense,  dysentery  is 
mainly  a  tropical  or  subtropical  disease,  but  sporadic  cases  may 
occur  in  any  part  of  the  world,  and  evidence  has  been  brought  forward 
to  shew  that  not  only  "  carriers  "  of  the  disease  but  definite  cases, 
with  all  the  symptoms,  are  found  among  people  who  have  never  been 
out  of  the  British  Isles.  Possibly  some  of  the  cases  should  be  regaided 
as  having  been  recently  infected  from  "  carriers  "  or  from  actual  cases 
which  have  taken  their  origin  in  known  "  dysentery  areas  "  abroad,  and 
not  as  evidence  of  the  disease  being  endemic  in  the  British  Isles  (see  p.  355). 

AMCEBIC  DYSENTERY.— The  presence  of  the  Entamoeba  histolytica 
in  relation  to  this  disease  is  so  striking  that  no  doubt  can  now  be  enter- 
tained as  to  its  causal  relationship,  but,  as  Dobell  says,  it  is  a  "  pathogenic 
parasite  in  a  restricted  sense.  It  is  always  a  destroyer  of  tissue,  but  by 
no  means  always  productive  of  disease.  The  usual  type  of  human 
infection  is  that  exemplified  by  the  carrier  of  the  parasite."  And  again, 
"  Every  healthy  carrier  has  the  fining  of  his  large  bowel  more  or  less 
ulcerated ;  though  the  ulceration  may  be,  and  probably  often  is,  superficial 
and  almost  invisible  post  mortem  to  the  naked  eye.  But  even  quite 
extensive  ulceration  may  exist  without  any  dysenteric  symptoms  being 
evident." 

The  amoeboid  form  of  the  parasite  dies  soon  after  leaving  the  body  in 
the  faeces,  and  does  not  take  part  in  propagating  the  disease.  The  small 
resistant  encysted  forms  pass  unharmed  through  the  stomach  into  the 
intestine,  and  become  actively  amoeboid  in  the  lower  bowel,  and  make  their 
way  into  the  mucosa  and  submucous  coat,  upon  which  they  feed,  and  in 
which  they  have  their  habitat.  Here,  in  ordinary  circumstances,  e.g.  in  the 
carrier,  they  set  up  only  a  minor  degree  of  irritation.  In  cases,  however, 
in  which  they  produce  active  disease,  they  bring  about  considerable,  or, 
it  may  be,  very  marked,  irritation  and  local  destruction  of  the  tissues. 
They  penetrate  into  the  lymph-spaces  and  into  the  veins,  and  it  is  probably 
by  way  of  the  radicles  of  the  portal  vein,  that  they  reach  the  liver. 

1  Carnegie  Dickson,  "Discussion  on  Ulcerative  Colitis"  (opening  paper  on  the 
Bacteriology  of  the  Condition),  Proceedings  of  the  Royal  Society  of  Medicine,  vol.  xvi. 
(Section  of  Surgery:  Sub-section  of  Proctology),  L923,  p.  102.  For  a  general 
review  of  Ulcerative  Colitis,  see  opening  papers  by  Rolleston,  Holder,  Lockhart- 
Mummery,  Carnegie  Dickson,  and  Dudgeon,  ibid.,  pp.  91-105. 
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The  lesions  show  a  great  variety  of  appearances  depending  on  the  stage 
and  intensity  of  the  infection,  but  are  confined  to  the  large  intestine,  and 
are  usually  described  as  being  specially  found  in  the  caecum  and  ascending 
colon.  Recent  work  on  the  subject  seems  to  indicate,  however,  that 
the  lesions  may  occur  in  any  part  of  the  large  intestine,  and  some  observers 
have  found  the  sigmoid  colon  frequently  involved  and,  occasionally,  the 
rectum.  The  earliest  lesions  are  in  the  form  of  small  nodules,  from  the 
size  of  a  pin's  head  to  that  of  a  pea,  projecting  above  the  level  of  the  gut 
and  shewing  a  central,  yellowish  area  of  necrosis,  covered  with  intact 
mucous  membrane,  or  with  the  mucosa  ulcerated  at  the  apex  of  the 
nodules.  As  a  result  of  this  necrosis,  round  or  oval  ulcers,  with  raised 
undermined  edges,  and  containing  a  lemon-yellow  gelatinous  debris,  are 
produced . 

The  Entamoeba  histolytica  may  be  found  in  the  submucous  tissue  at 
the  margins  both  of  the  small  nodules  and  of  the  ulcers.  The  sub- 
mucous tissue  may  shew  a  serous  exudate,  haemorrhage  and  fibrin- 
formation,  and  the  exudate  may  extend  to  the  muscular  coat.  Slight 
infiltrations  of  lymphocytes  and  so-called  plasma-cells  are  also  present 
in  most  cases.  At  later  stages  of  the  disease,  larger  nodules,  0*1  to 
0*5  cm.  in  diameter,  are  found,  and  these  may  still  be  covered  by 
intact  and  congested  mucous  membrane,  or  the  membrane  may  be 
ulcerated,  and  the  edges  of  the  ulcer  thickened.  Thus  is  produced  a 
pit  in  the  mucous  membrane,  with  thickened  edges  and  containing 
greyish,  gelatinous  debris  at  its  base  and  under  its  margin — the  "  bouton 
de  chemise  "  ulcers.  This  debris  is  composed  largely  of  degenerated  and 
dead  tissue-cells,  but  some  inflammatory  cells  and  fibrin  may  also  be 
present.  The  neighbouring  submucous  tissue  shews  oedematous,  and 
often  haemorrhagic,  infiltration,  and  this  infiltration  may  extend  into 
the  surrounding  mucous  membrane  and  the  adjacent  muscular  tissue, 
the  muscle-cells  being  swollen  and  their  nuclei  shewing  chromatolysis. 
Lymphocytes  and  so-called  plasma-cells  are  found  in  considerable 
numbers,  especially  round  the  vessels  and  in  the  tissues  immediately 
external  to  the  mucous  membrane.  Dilatation  of  the  veins  in  the  neigh- 
bourhood is  often  a  marked  feature,  and  this  may  be  seen,  on  opening 
the  abdomen,  in  the  subserous  veins  of  the  intestine  and  in  those  of  the 
mesentery  of  the  colon.  There  is  usually  an  extension  of  the  ulceration, 
either  by  enlargement  of  single  ulcers,  or  by  the  confluence  of  many.  In 
this  way,  ulcers  may  be  produced  which  encircle  the  whole  gut,  or  there 
may  be  an  irregular  ulcerated  surface  involving  almost  the  whole  of  the 
caecum  and  ascending  colon,  with  islets  of  intact  mucous  membrane,  or 
with  a  honeycombed  base  and  an  extremely  ragged  surface — the  pro- 
jections representing  portions  in  the  surviving,  or  partially  necrotic, 
mucous  membrane  which  formerly  separated  the  ulcers  from  one  another 
— the  involvement  of  the  submucous  tissue  being  much  more  extensive 
than  that  of  the  mucosa.  In  some  cases,  the  surfaces  of  the  ulcers  may 
become  covered  by  a  dirty,  greenish  membrane  composed  of  necrosed 
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tissue-cells,  fibrin,  and  more  or  less  altered  blood  (diphtheritic  type),  a 
condition  which  is,  however,  more  characteristic  of  bacillary  dysentery. 
Occasionally,  the  necrotic  changes  may  be  so  intense  as  to  involve 
extensively  the  muscular  coat,  and  bring  about  perforation  either  intra- 
or  extra-peritoneally. 

The  Entamoeba  histolytica,  as  already  noted,  may  be  found  in  large 
numbers  in  the  faeces,  in  the  submucous  coat  at  the  periphery  of  the  ulcers : 
as  well  as  in  the  submucous  tissue,  in  the  lymphatic  spaces,  and  in  the 
veins  at  some  distance  from  the  ulcerated  area.  They  may  be  found  in 
the  dilated  subserous  veins  as  well  as  in  the  portal  veins. 

The  lymphatic  glands  draining  the  ulcerated  areas  may  shew  some 
enlargement,  but  this  is  never  a  very  marked  feature.  In  the  liver,  the 
most  important  secondary  lesion  is  the  presence  of  one  or  more  amoebic 
abscesses  (p.  802) ;  but  cloudy  swelling  and  fatty  degeneration  of  the 
liver-cells  are  common;  and,  frequently,  there  is  infiltration  of  the  portal 
spaces  with  small  round  cells  (lymphocytes  and  plasma-cells).  No 
other  characteristic  lesions  are  found,  though,  in  some  cases,  and  especi- 
ally those  in  which  bacterial  infection  is  present,  pathological  changes 
such  as  acute  congestion  of  the  spleen,  degenerative  and  inflammatory 
changes  in  the  kidney,  broncho-pneumonia,  fatty  degeneration  of  the 
heart-muscle,  haemorrhages  into  various  organs,  etc.,  are  found.  These 
are  bacterial  or  toxic  in  their  origin,  and  may  be  found  in  any  disease 
of  an  analogous  aetiology. 

BACILLARY  DYSENTERY.— This  form  of  the  disease  is  caused  by 
certain  bacilli  of  the  colon-typhoid  group,  especially  those  described 
by  Shiga  and  by  Flexner.  Other  causal  organisms  have  been  described 
by  Kruse — these  being  probably  identical  with  the  Shiga  type — by  Strong 
and  by  Hiss  and  Russell  (the  Y-Bacillus),  this  latter  being  closely  allied 
to,  if  not  identical  with,  the  Flexner  organism. 

Shiga's  bacillus  is  now  generally  regarded  as  the  specific  microbe  of 
the  acute  epidemic  form  of  dysentery  commonest  in  subtropical  and 
temperate  climates.  The  pathological  condition  produced  is  an  acute, 
diffuse,  ulcerative  inflammation  in  the  large  intestine — more  marked  in 
the  descending  and  sigmoid  colon  than  in  other  regions. 

There  is  abundant  evidence  that  the  bacillary  form  may  be  associ- 
ated with  the  amoebic  in  the  same  patient.  From  a  careful  review  of 
the  recent  literature,  there  seems  to  be  very  little  doubt  that  the  amoebic 
form  has  a  wider  distribution  in  the  intestine  than  the  bacillary  form ; 
and,  further,  that  some  of  the  large  ulcerated  areas  which  have  been 
found  in  the  descending  and  sigmoid  colon,  in  cases  where  the  Entamoeba 
histolytica  was  present  in  the  faeces,  have  not  been  proved  to  be  caused 
by  that  amoeba,  but  are  more  likely  to  have  been  "  bacillary  "  ulcers, 
in  cases  where  the  infection  has  been  both  amoebic  and  bacillary. 

In  rapidly  fatal  cases  of  uncomplicated  bacillary  dysentery,  the 
mucous  membrane  of  the  intestine  is  swollen,  intensely  congested  and 
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hemorrhagic,  and  the  rugae  are  prominent,  and  covered  with  viscid, 
blood-stained  mucus.  In  cases  in  which  death  occurs  somewhat  later,  the 
mucosa  is  necrotic,  greyish  and  with  a  membranous  exudate  (diphtheritic 
type),  and  often  associated  with  deep  necrosis  in  the  form  of  dirty-brown 
or  blackish  (blood-stained)  sloughs  (gangrenous  type).  The  submucosa 
shews  infiltration  with  inflammatory  cells  and  serous  exudate.  At  a 
still  later  stage,  large  ulcers  are  found,  with  undermined  edges,  tending 
to  be  annular,  and  extending  down  to  the  muscular  layer.  In 
extreme  cases,  the  whole  of  the  glandular  tissue  in  the  affected  area 
may  be  destroyed,  the  mucous  coat  disappearing  completely,  and 
the  submucous  coat  shewing  extensive  sloughing  and  infiltration  by 
inflammatory  cells,  fibrin,  and  blood.  The  cells  are  largely  of  the 
mononucleated  type,  and  are  seen  collected  in  special  foci  round  the 
blood-vessels.  There  are  no  characteristic  secondary  lesions  in  cases 
of  bacillary  dysentery,  but  changes  similar  to  those  found  in  any  infec- 
tive or  toxic  disease  may  be  present  in  various  organs  and  tissues — 
e.g.  arthritis  has  been  described  as  occurring  in  the  larger  joints. 

Results. — In  some  cases,  if  the  attack  has  been  slight,  and  the  ulcera- 
tion only  superficial,  there  may  be  a  complete  restoration  of  the  mucous 
membrane.  Usually,  however,  when  healing  takes  place,  cicatrices 
are  left,  which  are  generally  darkly  pigmented,  and  may  give  rise  to 
contraction  and  to  stricture  of  the  colon.  As  a  result  of  the  stricture, 
dilatation  of  the  intestine  above  the  diseased  portion  may  take  place, 
and  a  secondary  follicular  ulceration,  which  is  quite  independent  of  the 
dysenteric  infection,  may  follow.  In  other  instances,  the  healing  may  be 
so  complete,  that  the  evidence  of  former  ulceration  is  rendered  apparent 
only  by  the  presence  of  thin  translucent  areas  in  the  wall  of  the  bowel. 

Asylum-Dysentery. — There  is  general  agreement  that  the  causal  organism 
of  this  form  of  ulcerative  colitis  is  one  of  the  colon-typhoid  group  of  bacilli. 
From  some  cases  B.  dysenteries  has  been  isolated,  and,  in  most  of  these,  it  has 
been  of  the  Flexner  type. 

A  certain  proportion  of  cases  of  so-called  sporadic  dysentery  may  be  due 
to  B.  dysenteries,  but  many  are  undoubtedly  caused  by  other  organisms,  e.  g. 
B.  paratyphosus,  Morgan's  Bacillus,  etc.  Thus,  the  dysenteric  symptoms, 
which  are  not  uncommon  in  children  in  summer-diarrhoea,  may  be  due  to 
Morgan's  Bacillus  or  to  other  members  of  the  colon-typhoid  group,  and 
probably  also,  in  some  cases,  to  bacteria  of  other  groups ;  such  cases  are, 
therefore,  not  in  any  way  related  to  true  dysentery. 

(b)  CHOLERA. — In  this  disease,  of  which  the  causal  agent  is  the 
cholera- vibrio  or  the  comma-bacillus  of  Koch,  the  mucous  membrane  of 
the  intestine  becomes  swollen  and  markedly  congested,  especially  in  the 
region  above  the  ileo-csecal  valve.  The  superficial  mucosa  undergoes 
necrosis,  and  in  the  exposed  surface,  in  the  crypts  of  Lieberkuhn  and 
between  the  fining  cells,  the  spirilla  are  found.  The  lymphoid  follicles 
may  also  shew  swelling  and  congestion.    Small  haemorrhages  may  be 
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present,  and  the  outer  surface  of  the  intestine  has  a  rosy  red,  injected 
appearance.  The  lumen  of  the  bowel  contains  a  quantity  of  watery 
fluid,  in  which  float  ragged,  whitish  flakes,  consisting  of  mucus,  epithelial 
debris,  and  bacteria — these  constituting  the  characteristic  "  rice-water 
stools,"  in  which  the  organisms  may  be  found  in  practically  "  pure 
culture."  The  blood  is  sometimes  viscid  in  consistence  on  account  of  the 
constant  diarrhoea  and  the  consequent  great  drying-up  of  all  the  tissues, 
(c)  TYPHOID  FEVER.— The  B.  typhosus,  which  is  causal  of  this 
disease,  is  present  in  the  intestinal  contents,  in  the  adenoid  follicles 
of  the  intestine,  in  the  lymphatic  glands,  in  the  liver,  in  the  kidney,  and 


Fig.  348. — Intestine  from  a  case  of  typhoid  fever,  duration  about  three 
weeks,  shewing  swelling  of  a  Peyer's  patch  with  ulceration,      x  16. 

in  the  spleen,  being  generally  seen,  in  sections  of  these  tissues,  in  small 
clumps  or  masses.  It  can  usually  be  found  in  the  blood  in  the  earlier 
stages  of  the  disease  and  may  be  found  in  the  urine  and  in  the  gall-bladder. 
In  the  urine  and  in  the  gall-bladder,  the  organism  may  persist  for  a  very 
long  time,  the  infected  individual  thus  being  a  "  carrier  "  of  the  disease — 
the  bacilli  sometimes  are  discharged  for  several,  and,  in  some  cases,  for 
many,  years  in  the  urine  and  in  the  faeces.  Examination  of  the  blood 
in  the  early  stage  of  the  disease  is  important  in  diagnosis,  as  the 
organism  may  be  demonstrated  in  culture  before  the  agglutinins  have 
developed  in  sufficient  quantity  to  give  an  agglutination-reaction. 

Pathological  Anatomy. — The  main  seats  of  the  lesion  are  the  adenoid 
structures  of  the  lower  part  of  the  small  intestine— the  Peyer's  and  the 
solitary   glands — the   mesenteric   glands,   and  the   spleen.    During  the 
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first  week  of  the  disease,  the  solitary  glands  and  the  Peyer's  patches 
become  swollen  and  inflamed,  are  markedly  raised  above  the  surface  of 
the  intestinal  mucous  membrane,  and  may  be  pale  or  somewhat  reddish 
in  colour.  The  solitary  lymphoid  glands  in  the  large  intestine  may 
also  be  swollen.  The  initial  swelling  in  some  of  the  glands  seems  to 
subside ;  whilst  in  others  it  increases  in  amount,  and  the  gland  becomes 
firmer  and  paler  (see  fig.  349).  Small  areas  of  necrosis  appear  in  the 
swollen  part,  and  these,  increasing  in  size,  coalesce  with  one  another 
and  so  form  irregular  sloughs,  which  are  usually  bile-stained.  Towards 
the  end  of  the  third  week,  the  sloughs  become  separated,  and  irregular 


Fig.  349. — Intestine  from  an  early  case  of  typhoid  fever,  shewing  great 
swelling  of  a  Peyer's  patch.     X  15. 

ulcers  are  formed  (figs.  348  and  350).  The  ulcers  are  usually  oval,  their 
long  axis  being  parallel  with  that  of  the  intestine.  The  floor  may  be 
irregular,  if  the  sloughs  have  not  completely  separated,  but  it  may  be 
smooth  and  be  formed  by  the  muscular  wall.  The  edges  of  the  ulcers  are 
undermined.  If  the  ulcerative  process  does  not  penetrate  deeper,  the 
peritoneal  coat  shews  very  slight  alteration.  The  necrotic  changes 
may,  however,  spread  through  the  muscular  and  peritoneal  coats,  and 
a  perforation — usually  of  small  size — with  escape  of  faecal  contents  into 
the  peritoneal  sac  and  resulting  general  peritonitis,  may  occur.  On 
microscopical  examination,  the  swelling  of  the  Peyer's  and  solitary 
glands  is  seen  to  be  due  largely  to  a  proliferation  of  the  endothelial  cells 
of  the  lymphatic  and  capillary  vessels,  and  those  of  the  adenoid 
network.    These  endothelial  cells  are  actively  phagocytic,  and  some  of 
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(a) 


Fig.  350. — Portions  of  the  small  Intestine  from  cases  of  typhoid  fever  of  about 
three  woeks'  duration. 

(a)  Lower  end  of  Ileum  and  Ileo-ca?cal  junction,  shewing  great  swelling  of  the  Peyer's 
patches  and  solitary  glands,  preceding  ulceration.  (Edinburgh  University  Anatomical 
Museum.     Catalogue  No.,  Al.  E.  g.  9.) 

(b)  Pieces  of  small  Intestine  shewing  the  early  stagos  in  the  formation  of  ulcers.  The 
upper  piece  shews  a  small  slough  in  a  swollen  Peyer's  patch.  The  middle  portion  shews 
the  separation  of  two  sloughs  in  a  similar  patch.  The  lowest  piece  shews  a  small  ulcer 
fonning  in  a  swollen  solitary  gland.  (Edinburgh  University  Anatomical  Museum.  Cata- 
logue No.,  Al.  E.  g.  6.)  1 


1  Drawings  from  these  preparations  appeared  in  Lancereaux's  Atlas  of  Patho- 
logical Anatomy  (English  Translation  by  Greenfield),  plate  Ixix. 
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them  may  fuse,  forming  giant-cells  which  retain  their  phagocytic  properties. 
When  recovery  takes  place,  the  ulcer  cicatrises.  The  cicatrix  is  often 
pigmented,  and  may  remain  permanently  as  a  flat  area  in  which  the 
intestinal  wall  is  thin  and  transparent.  The  destroyed  lymphoid  tissue 
may  not  be  restored. 

The  mesenteric  glands  corresponding  to  the  infected  area  become 
swollen  and  softened,  and  small  areas  of  necrosis  (focal  necrosis)  are  seen 
in  them.     The  spleen  is  enlarged,  usually  somewhat  firm,  and  of  a  dark 
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Fig.  351. — Liver.    Shewing  an  area  of  focal  necrosis,  in  a  case  of 
typhoid  fever,     x  300. 


red  colour,  and,  on  microscopical  examination,  is  found  to  contain  small 
clumps  of  the  bacilli.  The  liver,  and,  more  rarely,  the  kidneys,  may 
shew  areas  of  focal  necrosis,  whilst  cloudy  swelling  and  fatty  changes 
are  almost  constant  features.  Acute  nephritis,  bronchitis,  broncho- 
pneumonia, ulceration  in  the  larynx,  Zenker's  degeneration  of  muscle, 
necrosis,  and  abscess-formation  in  bones — especially  in  the  ribs  and  the 
tibiae — arthritis,  phlebitis,  meningitis,  etc.,  may  occur  as  complications. 
(d)  PARATYPHOID  FEVER.— The  clinical  picture  of  this  disease 
conforms  so  closely  to  that  of  typhoid  fever  that  the  diagnosis  between 
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the  two  must  be  based  mainly  on  bacteriological  findings  and  agglutina- 
tion-reactions. The  causal  organisms  are  of  the  colon-typhoid  group 
and  conform  to  two  definite  types  distinguished  as  B.  paratyphosus  A. 
and  B.  paratyphosus  B.  The  mortality  of  this  disease  is  low,  and  the 
description  of  the  morbid  anatomy  given  here  is  based  on  comparatively 
few  cases. 

Small  Intestine. — In  the  majority  of  the  cases,  there  is  ulceration  of 
the  small  intestine,  the  ulcers  resembling  those  of  typhoid  fever  and 
occurring  mainly  in  the  Peyer's  patches  and  solitary  glands.  They  may 
be  widely  scattered  throughout  the  ileum,  but  are  usually  confined  to 
the  lower  two  feet,  and  the  region  of  the  ileo-caecal  valve  shews  the  most 
marked  affection.  In  some  recorded  cases,  the  Peyer's  patches  have  been 
swollen  but  not  ulcerated,  and,  in  others,  no  obvious  lesion  was  present 
in  the  small  intestine,  though  there  was  extensive  ulceration  in  the  caecum. 

Large  Intestine. — This  is  much  more  frequently  affected  than  it  is  in 
typhoid  fever.  The  lymphoid  follicles  may  be  swollen,  hyperaemic  and 
ulcerated ;  and,  in  severe  cases,  there  may  be  extensive  ulceration,  especi- 
ally in  the  caecum,  and  this  ulceration  sometimes  spreads  along  the  colon 
for  a  varying  distance.  Ernest  Glynn  has  reported  a  case  of  infection  by 
B '.  paratyphosus  B.,  in  which  the  "  mucosa  of  the  transverse  and  descending 
colon  was  swollen,  dark  red,  and  covered  with  minute  ulcers ;  no  sloughs 
could  be  seen ;  the  extravasation  of  blood  had  extended  under  the  peri- 
toneum and  between  the  layers  of  the  mesentery."  There  were  ulcers 
in  the  Peyer's  patches,  and  also  in  the  ascending  colon  and  rectum. 

Perforation  of  the  ulcers,  both  in  the  large  and  in  the  small  intestine, 
may  occur,  giving  rise  to  peritonitis. 

An  ulcerated,  gangrenous  and  perforated  appendix  has  been  found  in 
a  few  cases,  but  always  associated  with  ulceration  in  other  parts  of  the 
intestine.  Other  lesions,  such  as  inflammatory  and  suppurative  changes 
in  the  gall-bladder,  abscesses  in  the  liver,  and  broncho-pneumonia  and 
gangrenous  pneumonia,  may  be  found,  but  are  not  characteristic.  Par- 
otitis, lymphadenitis  of  the  neck,  otitis,  kidney-  and  brain-abscesses, 
laryngeal  ulcerations,  meningitis,  arthritis,  etc.,  have  been  observed,  and 
B.  paratyphosus  B.  isolated  from  some  of  these  conditions.  There  are 
no  striking  differences  in  the  post-mortem  appearances  between  the  lesions 
caused  by  the  two  types  of  the  bacillus. 

Like  B.  typhosus,  both  types  of  the  organism  occur  in  the  faeces  and 
in  the  urine,  and  may  be  isolated  from  the  blood  in  the  early  stages  of 
the  disease.  B.  paratyphosus  A.  can  be  distinguished  from  B.  para- 
typhosus B.  by  its  agglutination-reactions. 

(e)  TUBERCULOSIS  OF  THE  INTESTINES  is  specially  associated 
with  pulmonary  tuberculosis,  but  it  may  occur  as  a  primary  affection  of 
the  intestine,  especially  in  young  children.  The  cause  of  infection  is 
the  swallowing  of  tuberculous  sputum,  or  the  ingestion  of  milk  or  other 
food  containing  B.  tuberculosis.    The  principal  seat  of  infection  is  the  lower 
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part  of  the  ileum,  the  Peyer's  and  the  solitary  glands  becoming  swollen, 
either  uniformly,  or  in  scattered,  irregular  areas,  and  tuberculous  foci  also 
frequently  occurring  in  other  parts  of  the  submucous  or  mucous  coats. 
These  swollen  patches,  covered,  at  first,  by  the  mucous  membrane,  which 
may  shew  a  catarrhal  condition,  later,  undergo  a  central  caseous  necrosis, 
and  over  them  the  mucous  membrane  sloughs,  forming  small  ulcers,  at  first 
rounded,  but  soon,  by  coalescence,  spreading  and  becoming  very  irregular. 
Both  the  floor  and  the  edges  of  the  ulcers  are  infiltrated  and  thickened, 
the  floor  appearing  caseous,  ragged,  and 
granular,  and  the  margin  raised  and  irregular. 

The  ulceration  spreads  peripherally,  and  also  A  .*■■' -V* 

more  deeply,  into  the  bowel-wall,  and,  at  ,/     I  I 

its  lateral  edge,  it  may  extend  transversely  v  W± 

in  the  intestinal  mucosa  beyond  the  margins  B 

of  the  Peyer's  gland  or  solitary  lymphoid  m 

follicle,  if  it  has  either  of  these  as  its  site  of 

origin,  as  is  commonly  the  case ;  and  it  may,  M 

ultimately,  almost,  or  even  completely, 
encircle  the  bowel.  In  its  further  spread, 
it  extends  to  the  muscular  and  peritoneal 
coats,  and  produces,  in  the  deeper  parts 
of  the  serous  coat,  a  number  of  tubercle- 
granulations  (fig.  353) — often  seen  along  the 
lines  of  the  lacteals  or  other  lymphatic 
channels,  by  which  the  process  tends  especi- 
ally to  spread.  Thickening  of  the  serous 
coat  and  adhesions  to  surrounding  parts  are 
thus  produced,  and  the  situation  of  the 
ulcer  in  the  intestine  can  often  be  detected, 
on  opening  the  abdomen,  by  the  presence 
on  the  peritoneal  surface  of  these  thickened, 
inflamed  areas,  in  which  whitish  or  greyish 
tubercle-granulations  are  studded.  An  over- 
growth of  fibrous  tissue  leads  sometimes  to  contraction  of  the  ulcerated 
area,  and  to  stricture  of  the  intestines.  These  tuberculous  strictures 
may  be  multiple,  and  the  lumen  of  the  bowel,  at  the  site  of  the 
strictures,  may  be  very  much  reduced  in  diameter.  On  account  of 
this  thickening,  perforation  very  seldom  occurs — though  it  may  do  so  in 
certain  cases  of  acute  tuberculous  ulceration.  In  such  cases,  the  edges 
are  usually  ragged  and  undermined,  and  the  floor  is  not  infiltrated  to 
any  marked  degree — the  appearance  resembling  typhoid,  rather  than 
typical  tuberculous,  ulceration.  The  intervening  mucous  membrane  often 
shews  catarrh  and  congestion,  which  may  be  very  intense.  On  microscopi- 
cal examination,  the  nature  of  the  lesion  is  detected  by  the  presence  of 
tubercle-follicles,  caseation,  and  the  causal  bacilli. 


Fig.  352. — Tuberculous  Ulcera- 
tion of  the  Intestine.  Shew- 
ing the  raised  thickened  edges 
and  the  irregular  floors  of  the 
ulcers. 
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The  caecum  and  large  intestine  are  less  commonly  affected  by  the 
tuberculous  process,  the  ulcers,  when  they  occur  in  these  regions,  tending 
to  be  of  the  acute  type  and  to  spread  widely,  causing  large  irregular 
areas  of  destruction  of  the  mucous  membrane.  The  rectum  very  rarely 
shews  tuberculous  ulceration,  but  many  cases  of  fistula  in  ano  appear  to 
be  tuberculous  in  origin.  The  mesenteric  glands  are  usually  enlarged, 
and  shew  tuberculous  infection  and  caseation.  In  children  especially,  the 
glands  are  very  frequently  infected,  even  though  there  may  be  no  obvious 
evidence  of  any  lesion  in  the  intestinal  wall  itself — the  bacilli  probably 
passing  directly  from  the  intestine, by  way  of  the  lymphatics,  to  the  glands. 


Fig.  353. — Tuberculous  Ulceration  of  the  Intestine.  Shewing  the  raised,  undermined 
edge  (a)  :  the  tubercle-follicles,  and  especially  the  great  thickening  of  the  serous 
coat  (6).       X  16. 

The  glandular  involvement  is  often  very  considerable,  giving  rise  to  the 
condition  of  tabes  mesenterica  (see  pp.  635-7).  Waxy  degeneration  of  the 
intestine  is  sometimes  associated  with  the  tuberculous  condition,  and  is 
usually  part  of  a  more  generalised  process,  occurring  especially  where  the 
lungs,  bones,  or  joints  are  the  seat  of  chronic  tuberculosis.  In  such  cases,  the 
kidneys,  liver,  and  spleen,  as  a  rule,  also  shew  the  waxy  change  (see  p.  60). 

(/)  SYPHILIS  is  a  rare  affection  of  the  intestine,  but  gummata 
occasionally  occur,  with  ulceration,  cicatrisation,  and  stricture.  Primary 
sores  about  the  anus  are  found,  especially  in  women. 

(g)  ACTINOMYCOSIS. — In  the  bowel,  the  caecum  and  appendix  are  the 
commonest  seats  of  actinomycosis,  but  the  pelvic  colon  may  be  attacked. 
Abscesses  and  sinuses  are  formed  and  the  parietes  become  infiltrated. 

(h)  FIBROMATOSIS.— In  this  condition,  the  pelvic  colon   and  the 
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F[G.  354. — Scirrhus  or  Hard  Cancer  of  Intestine,  producing  obstruction  of  humen. 
(Royal  College  of  Surgeons  Museum,  Edinburgh.) 


Fia.  355. — Malignant  Adenoma  of  the  Large  Intestine,  producing  great  narrowing — the 
so-called  Malignant  Stricture.  Note  dilatation,  hypertrophy,  and  ulceration  above, 
and  atrophy  below,  the  seat  of  stricture.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  Al.  E.  1.  13.) 
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rectum  may  be  converted  into  a  rigid  tube.    The  peritoneum  is  thickened, 

and,  under  this,  is  a  uniform  layer  of  dense  fibro-adipose  tissue,  sometimes 
half-an-inch  in  thickness.  The  muscular  layer  may  be  atrophied,  or 
may  shew  very  little  change ;  but  the  submucous  layer  is  greatly  thickened 
by  an  overgrowth  of  dense  fibrous  tissue.  By  contraction  of  this  tissue, 
the  mucous  membrane  is  thrown  into  folds  with  deep  recesses  between 
them,  and  ulceration  takes  place  in  these  recesses.  No  evidence  of 
malignant  disease  is  found,  but  the  tissues  are  infiltrated  with  chronic 
inflammatory  cells. 
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Fig.  366. — Malignant  Adenoma,  Primary  Growth  in  Large  Intestine.  On  the  right  are 
seen  the  normal  mucous,  submucous,  and  muscular  coats  of  the  bowel.  On  the  left 
are  the  large,  irregular,  tube-like  acini  of  the  new  growth,  lined  by  large,  dark- 
staining,  columnar  epithelium.  Infiltration  of  the  normal  structures  at  the  spreading 
margin  is  seen,     x  10. 

TUMOURS  OF  THE  INTESTINE  :— 

Fibromata,  lipomata,  myomata,  and  myxomata  may  occur,  and  gener- 
ally assume  a  polypoid  shape.  Sarcomata  are  not  common,  but  both 
round-  and  spindle-celled,  as  well  as  melanotic,  sarcomata  have  been 
described.  Masses  of  lymphoid  tissue,  which  cannot  be  distinguished 
from  lympho-sarcomata,  occur  occasionally  in  cases  of  lymphatic  leukaemia. 
Lymphomatous  swelling,  and  perhaps  ulceration,  may  be  found  in  the 
lymphoid  tissue,  and  this  condition  is  sometimes  also  seen  in  Hodgkin's 
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disease.  The  most  important  tumour  of  the  intestine,  primary  cancer, 
may  occur  in  the  duodenum — in  which  situation  it  frequently  invades 
the  head  of  the  pancreas — in  the  rectum,  the  caecum,  the  lower  part  of 
the  pelvic  colon  (sigmoid  flexure),  and  the  hepatic  and  the  splenic  flexures. 
It  is  usually  adenomatous  in  type  (fig.  356),  though  sometimes  the  scirrhus 
form  may  occur.  Both  forms  are  sometimes  found  in  the  same  intestine. 
Colloid  degeneration  may  take  place  in  either,  and  also  a  species  of 
mucoid  degeneration  in  the  mucin-secreting  cells.  The  growth  is  often 
small  and  localised,  and  frequently  produces  a  stricture  (figs.  354  and 
355).  Ulceration  of  the  surface  of  the  growth  frequently  takes  place, 
and  perforation  may  occur,  especially  in  growths  in  the  transverse  colon. 
Such  malignant  tumours  may  or  may  not  become  polypoidal. 

Secondary  cancers  are  rare,  except  as  part  of  a  generalised  peritoneal 
spread.  Infiltration  of  the  bowel  by  malignant  tumours  of  neighbouring 
structures  is  common. 

PARASITES  :— 

Protozoal  Infections. — Various  protozoal  parasites  are  found  in  the 
alimentary  tract.  Except  in  the  case  of  Entamoeba  histolytica,  the  part, 
if  any,  which  some  of  these  play  in  the  production  of  irritation  or  actual 
disease  of  the  bowel  is  not  at  present  established.  Diarrhoea  may  be 
present  in  cases  in  which  these  parasites  are  found,  yet  the  same  parasites 
may  occur  in  apparently  normal  faeces.  Of  these  parasites  the  most 
important  are  : — 

Entamoeba  histolytica,  p.  354. 

Entamoeba  coli,  p.  352,  and  Entamoeba  Umax,  p.  359  {Endolimax 

nana)  (intestine). 
Trichomonas  iniestinalis,  p.  368  (large  intestine  and  colon). 
Lamblia  intestinalis,  p.  369  (upper  part  of  small  intestine). 

Occasionally  one  finds  Tetramitus  mesnili,  Cercomonas,  etc. 

Bilharziasis  or  Schistosomiasis. — The  ova  of  Schistosoma  mansoni, 
the  specific  parasite  of  Intestinal  Bilharziasis  or  Schistosomiasis  (p.  395), 
may  cause  very  considerable  irritation  of  the  rectum,  with  the  production 
of  numerous  large  papillomatous  growths  in  the  region  of  the  anus,  and 
extending  well  into  the  rectum.  The  thickening  may  resemble  carcinoma, 
and,  in  some  cases,  apparently,  carcinoma  is  a  secondary  result  of  the 
irritation.  Schistosoma  haematobium  (Bilharzia  hcematobia),  either  alone,  or 
in  association  with  S.  mansoni,  is  also  found  occasionally  in  the  rectum. 

Among  other  animal  parasites  occurring  in  the  intestine  may  be 
mentioned  Taenia  saginata  and  Taenia  solium,  Dibothriocephalus  latus, 
Ascaris  lumbricoides,  Ankylostoma  duodenale,  Oxyuris  vermicularis, 
Trichocephalus  trichiuris  (T.  dispar),  Paragonimus  westermani,  Heiero- 
pihyes  heterophyes,  Balantidium  coli,  etc.  These  are  described  under  Animal 
Parasites  (pp.  386  et  seq.).  They  may  give  rise  to  enteritis  with  a  varying 
degree  of  diarrhoea ;  and  mucus  and  blood  may  be  found  in  the  stools. 
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DISEASES   OF  THE    PERITONEUM 

CONGENITAL  ABNORMALITIES.— There  may  be  an  exaggeration 
of  the  normal  pouches,  an  abnormal  shortness  of  the  mesentery,  a  laxness 
of  the  various  ligaments,  or  the  persistence  of  processes  and  connec- 
tions which  in  the  ordinary  course  of  development  become  obliterated. 
Dermoid  cysts,  and  other  cystic  developments  of  unknown  origin 
(air-cysts,  etc.),  have  been  described. 

CIRCULATORY  DISTURBANCES  :— 

(a)  ACUTE  CONGESTION  (see  under  Inflammation). 

(b)  CHRONIC  VENOUS  CONGESTION,  resulting  from  any  of  the 
usual  causes  of  this  condition,  may  shew  itself  in  the  peritoneal  sac. 
The  peritoneum  becomes  cedematous,  and  accumulation  of  fluid  occurs. 
The  fluid  may  be  clear,  or  blood-stained  from  rupture  of  the  distended 
vessels. 

(c)  HAEMORRHAGES,  in  the  form  of  petechia?,  are  found  in  various 
septic  and  hemorrhagic  diseases,  and  in  parts  adjacent  to  acute  inflam- 
matory foci.  Minute  haemorrhages  occur  in  cases  of  chronic  venous 
congestion,  and  in  phosphorus-poisoning,  snake-bite,  etc.  When  recent, 
the  petechial  haemorrhages  are  bright-red  in  colour.  At  a  later  period, 
the  remains  of  these  are  frequently  seen  as  small,  black,  pigmented 
spots  immediately  under  the  serous  surface.  Larger  haemorrhages  may 
result  from  traumatism,  laceration  of  the  liver,  spleen,  or  kidneys,  or 
from  the  rupture  of  cysts,  extra-uterine  pregnancies,  etc.  Haemorrhage 
is  found  in  infarction  of  the  intestine,  and  in  some  cases  of  tuberculosis 
or  cancer  of  the  peritoneum. 

(d)  ASCITES  develops  as  part  of  a  general  dropsy  in  cardiac  or  in 
renal  disease;  or  it  may  be  due  to  obstruction  of  the  portal  circulation, 
especially  in  cases  of  cirrhosis  or  cancer  of  the  liver.  Chronic  peritonitis 
may  lead  to  accumulation  of  fluid  in  the  sac,  but  does  not  necessarily  do 
so.  The  fluid  is  usually  clear  and  colourless,  or  perhaps  somewhat  yellow- 
ish in  colour,  but  it  is  sometimes  haemorrhagic  in  character.  Where 
there  has  been  obstruction  or  rupture  of  lymphatic  channels,  for  example 
in  some  filarial  diseases  or  in  tubercuk  sis,  the  fluid  appears  milky  from 
the  presence  of  finely  divided  fat  or  chyle  (chylous  ascites).  A  fluid,  some- 
what resembling  that  of  chylous  ascites  in  its  naked-eye  characters,  is 
occasionally  seen  in  cases  of  cancer — where  there  is  considerable  degenera- 
tion of  the  cells,  the  admixture  of  the  cells  containing  fatty  particles  with 
the  fluid,  giving  it  a  milky  appearance — in  tuberculosis  of  the  mesenteric 
glands,  and  also  in  some  obscure  cases  in  which  the  particles  are 
albuminoid,  not  fatty. 
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As  a  result  of  the  ascites,  chronic  fibrous  thickening  of  the  peritoneum 
is  not  infrequent. 


INFLAMMATION,  or  PERITONITIS  :— 

Peritonitis  occurs  as  a  result  of  the  direct  spread  of  infection 
through  a  damaged,  but  not  necessarily  perforated,  intestinal  wall; 
or  it  may  be  secondary  to  appendicitis :  to  the  escape  of  the  contents 
of  the  stomach  or  of  the  intestine  into  the  peritoneal  sac  :  or  to  the 
secondary  spread  to  the  peritoneum  of  an  inflammation — suppurative  or 
non-suppurative — in,  or  round,  the  intestines  or  other  abdominal  organs. 
e.g.  the  Fallopian  tubes.  Direct  spread  through  the  diaphragm  from  the 
pleural  cavity,  and  extension  from  septic  wounds  in  the  abdominal  wall, 
may  occur.  A  primary  affection  of  the  peritoneum  is  not  so  common, 
but  may  arise  during  the  course  of  an  attack  of  acute  rheumatism, 
acute  lobar  pneumonia,  or  in  Bright's  disease.  A  primary  pneumococcal 
peritonitis  is  occasionally  found  without  any  obvious  pathological  lesion 
elsewhere. 

Pathological  Anatomy. — In  the  'earlier  stages,  there  is  marked 
hyperemia,  with  serous  exudation.  Fibrin  is  formed,  and  this  is  deposited 
as  a  fine  reticulum  on  the  surface  of  the  intestines.  The  coils  become 
glued  together  by  this  exudate.  The  adhesions  formed  are  at  first  soft, 
and  thus  the  surfaces  in  contact  are  easily  separated.  If  the  condition 
progresses,  greater  numbers  of  leucocytes  emigrate,  and,  in  some 
cases,  the  exudate  becomes  purulent.  The  pus  is  found  first  round 
the  original  focus  of  infection;  but,  if  not  localised  by  adhesions,  it 
gravitates  to  the  pelvic  cavity  or  to  the  right  and  left  lumbar  regions.  The 
course,  however,  may  be  influenced  by  the  arrangement  of  certain  peri- 
toneal folds.  Thus,  effusions  resulting  from  perforation  or  inflammation 
of  the  duodenum,  gall-bladder,  and  right  lobe  of  the  fiver,  will  be  directed 
towards  the  right  kidney;  and  those  arising  in  connection  with  the 
stomach,  towards  the  spleen.  Effusions  in  connection  with  the  appendix 
tend  to  gravitate  into  the  pelvic  cavity  or  are  directed  upwards  alongside 
the  colon  towards  the  right  renal  or  sub-hepatic  pouch.  The  endothelial 
cells  of  the  peritoneum  swell  and  multiply,  and  many  of  them  are  shed. 
A  certain  amount  of  infiltration  with  inflammatory  products  occurs 
in  the  sub-endothelial  layer  of  the  intestine,  which  becomes  swollen  and 
cedematous.  Tympanitic  distension  takes  place  on  account  of  paralysis 
of  the  muscular  coat  of  the  gastro-intestinal  canal. 

The  characteristics  of  the  various  cells  found  in  the  exudate  at  the 
different  stages  have  been  fully  discussed  under  Inflammation  (p.  174). 

If   recovery   takes    place,    a   varying   degree   of   adhesion   between 
neighbouring  structures,  e.g.  the  adjacent  coils  of  intestine,  or  between 
these  and  the  abdominal  wall  or  some  of  the  abdominal  organs,  generally 
remains. 
50 
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Localised  Intra-peritoneal  Suppuration. — Localised  inflammation,  or 
localised  collections  of  pus  within  the  peritoneal  cavity,  nay  arise  from 
various  causes.  Such  conditions  are  seen  in  localised  appendix-abscess, 
round  disease-fcci  in  the  female  pelvic  organs,  as  a  result  of  slow  leakage 
from  a  gastric  or  duodenal  ulcer,  in  inflammatory  processes  around  a 
cancerous  growth  of  the  intestine,  and  in  disease  of  the  gall-bladder, 
bile-ducts,  or  pancreas.  "  Residual "  abscesses  may  occur  in  any 
part  of  the  peritoneal  cavity  after  the  subsidence  of  a  widespread 
peritonitis.  Abscesses  due  to  chronic  tuberculosis  are  found  in  various 
situations. 

Sub-phrenic  or  sub-diaphragmatic  abscess  may  arise  from  almost  any 
intra-abdominal  lesion — the  commonest,  however,  being  perforation  of 
an  ulcer  of  the  stomach  or  duodenum,  suppurative  conditions  of  the 
liver  and  its  ducts,  and  appendicitis.  In  some  cases,  the  focus  of  infection 
is  above  the  diaphragm — in  the  lung  or  pleura. 

CHRONIC  PERITONITIS  may  be  a  sequel  of  an  acute  attack,  but  a 
slowly  developing  peritonitis,  with  the  formation  of  fibrous  adhesions, 
sometimes  occurs  in  connection  with  Bright's  disease,  or  in  cancer  of 
the  peritoneum.  Local  thickenings  of  the  capsule  of  the  liver  and 
of  the  spleen  are  frequently  seen  in  diseases  of  these  organs,  and, 
very  commonly,  there  are  adhesions  between  them  and  the  parts 
around.  These  conditions  arise  as  a  result  of  a  proliferative  over- 
growth of  the  pre-existing  fibrous  tissue  of  the  part,  caused  by 
chronic  irritation — for  example,  around  a  gall-bladder  containing 
gall-stones — and  should  not  be  classed  as  "inflammation."  Chronic 
peritonitis  is  probably  most  frequent  in  connection  with  the  female 
generative  organs,  and  often  results  in  adhesions  which  may  cause 
considerable  distortion  and,  perhaps,  displacement  of  the  organs.  It  is 
seen  as  the  result  of  syphilis,  e.  g.  on  the  surface  of  the  liver  (syphilitic 
perihepatitis). 

TUBERCULOSIS  of  the  peritoneum  is  often  very  widely  spread,  and 
sometimes  unattended  by  any  marked  acute  inflammatory  reaction.  On 
the  other  hand,  the  acute  inflammatory  changes  associated  with  the 
condition  may  be  very  intense,  and  the  exudate  be  hemorrhagic. 
Frequently,  however,  a  slowly  developing,  subacute  inflammatory 
reaction  takes  place,  and  this  leads  to  extensive  infiltration,  and  the 
formation  of  irregular,  firm  adhesions.  The  great  omentum  may  be 
so  infiltrated,  thickened,  and  retiacted,  that  it  measures  over  an  inch 
in  antero-posterior  diameter — forming  a  characteristic  cake-like  mass 
towards  the  upper  part  of  the  abdomen.  The  tuberculous  nodules  vary 
greatly  in  size.  In  the  more  acute  forms,  they  are  usually  small — some- 
times extremely  minute  and  resembling  fine  grains  of  peppei  on  the 
peritoneal  surface — but,  in  the  chronic  cases,  they  are  comparatively  large. 
They  are  greyish  or  yellowish  and  opaque,  and  have  not  the  pearly  lustre  so 
often  seen  in  secondary  nodules  of  cancer.   They  are  frequently  pigmented. 
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Serous  or  sero-purulent  exudate  is  sometimes  present.  When  present, 
it  is  usually  contained  in  irregular  saccules  between  the  adhesions.  There 
may  be  a  varying  degree  of  involvement  of  the  lymphatic  glands  in  the 
tuberculous  process. 

^Etiology. — Tuberculosis  of  the  peritoneum  is  commonest  in  children, 
but  may  occur  at  any  age.  The  condition  is  usually  secondary  to 
tuberculosis  of  the  glands  or  of  some  abdominal  viscus.  The  commonest 
sources  are  tuberculosis  of  the  mesenteric  or  retro-peritoneal  glands,  and 
of  the  ovaries  and  Fallopian  tubes.  Intestinal  tuberculosis  rarely  gives 
rise  to  a  general  peritoneal  infection — only  localised  patches  on  the  outer 
wall  of  the  bowel,  corresponding  in  their  position  with  the  ulcers  in  its 
interior,  being,  as  a  rule,  affected.  Spread  of  a  tuberculous  infection 
through  the  diaphragm  from  the  pleura  may  occur;  and,  in  rare 
instances,  tuberculosis  of  the  vertebrae  and  tuberculosis  of  the  appendix 
are  sources  of  infection.  Tuberculous  peritonitis  is  sometimes  part  of  a 
generalised  acute  miliary  tuberculous  infection. 

Results  of  the  Process. — The  adhesions  often  give  rise  to  serious 
obstruction  of  the  intestine.  In  very  chronic  cases,  calcareous  deposits 
may  be  found  in  the  adhesions  and  in  the  infected  glands. 

TUMOURS  :— 

Small  pedunculated  tumour-like  masses — sometimes  called  "  lipomata  " 
— and  cysts  arising  from  the  appendices  epiploicce  are  frequently  seen. 
These  are  not  true  tumours,  but  merely  overgrowths  of  the  appendices. 
Multiple  fibromata  and  sarcomata  of  retro-peritoneal  origin  occur.  Primary 
tumours  of  large  size,  in  which  a  plexiform  arrangement  of  vessels  exists 
— the  so-called  Angio-sarcomata — have  been  described.  Primary  car- 
cinoma is  not  common,  but  some  of  the  so-called  endotheliomata  (or 
mesotheliomata),  which  have  been  described  as  occurring  in  the  peri- 
toneum, seem  to  be  of  this  nature,  and  a  primary  colloid  cancer  of  the 
peritoneum  is  recognised. 

Secondary  growths  of  cancer  are  of  common  occurrence.  Some  of 
these  arise  by  direct  and  continuous  spread  from  colloid  or  other  cancers 
of  the  stomach  and  of  the  intestines.  True  secondary  or  metastatic 
growths  occur  in  association  with  cancer  of  the  ovaries  or  other 
pelvic  organs.  Occasionally,  wide-spread  miliary  nodules  are  met  with. 
This  acute  carcinomatosis  is  always  a  secondary  manifestation,  and  is 
probably  due  to  the  infective  material  being  diffused  by  the  fluid  in  the 
peritoneal  sac,  aided  by  the  peristaltic  movements  of  the  intestine,  the 
cancer-cells  entering  stomata  and  being  carried  to  the  sub-peritoneal 
tissues.  The  cancer-nodules  are  frequently  flat  and  firm,  and  have 
a  pearly  lustre.  They  are,  as  a  rule,  specially  numerous  on  the  great 
omentum,  and  on  the  appendices  epiploicae,  which  are  both  highly 
absorbent  structures.  The  abdominal  surface  of  the  diaphragm  generally 
shews  a  great  number  of  the  cancer-nodules,  and,  as  the  lymphatics 
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of  the  diaphragm  communicate  freely  with  those  of  the  pleura,  spread 
to  the  latter  structure  frequently  takes  place. 

Chylous  cysts,  due  to  obstruction  and  distension  of  the  lacteals,  are 
sometimes  seen  on  the  surface  of  the  intestine. 

PARASITES  :— 

Hydatid    cysts    are    the    only    important    animal  parasites    of    the 
peritoneum. 


CHAPTER    XX 

DISEASES  OF  THE   LIVER 

Brief  reference  must  be  made  to  some  of  the  more  salient  anatomical 
facts  in  relation  to  the  structure  of  the  liver,  as  these  have  an  important  bear- 
ing upon  the  pathological  conditions  found  in  the  organ.  The  fibrous  capsule 
which  lies  under  the  serous  coat  is  very  thin  and  transparent,  and  is  continuous 
with  the  delicate  supporting  stroma  of  the  organ.  At  the  portal  fissure,  it 
becomes  continuous  with  Glisson's  capsule — the  fibrous  tissue  which  ensheathes 
the  branches  of  the  portal  vein,  the  hepatic  artery,  and  the  bile-ducts. 

The  liver-substance  is  composed  of  a  multitude  of  polyhedral  lobules, 
each  lobule  being  composed  of  a  mass  of  cells  which  appear  to  be  more  or 
less  radially  arranged  about  the  central  point  of  the  lobule.  The  branches 
of  the  portal  vein,  the  hepatic  artery,  and  the  bile-ducts,  extend  in  the  sheath 
derived  from  Glisson's  capsule,  to  the  periphery  of  the  lobule.  The  branches 
of  the  portal  vein  (inter-lobular  veins),  by  which  most  of  the  blood  comes  to 
the  liver,  send  capillaries  into  the  lobule,  and  these  at  the  centre  open  into 
the  central  or  intra-lobular  vein.  These  intra-lobular  veins  unite  to  form  larger 
veins,  the  sub-lobular,  which  open  into  the  hepatic  veins.  Between  the 
capillaries,  lie  the  rows  or  columns  of  hepatic  cells ;  and,  along  the  walls  of 
these  capillaries,  there  are  large  stellate  endothelial  cells  (the  cells  of  Kupffer) 
which  form  a  part  of  AschofTs  "  reticuloendothelial  system."  1  The  function 
of  these  cells  and  their  relation  to  the  liver  are  still  doubtful,  but  recent 
experimental  work,  particularly  on  birds,  seems  to  suggest  that  this  "  reticulo- 
endothelial system,"  not  only  in  the  liver  but  also  in  the  spleen  (see 
pp.  651,  658),  bone-marrow  (see  p.  597),  and  possibly  elsewhere  in  the  body, 
is  concerned  in  the  breaking  down  of  haemoglobin  and  the  elaboration  of 
bile-pigment.  The  capillaries  probably  have  a  delicate  wall  composed  of 
endothelial  cells,  but  it  is  a  matter  of  dispute  as  to  whether  the  latter  lie 
directly  in  contact  with  the  liver-cells  or  are  separated  from  them  by  a 
delicate  layer  of  fibrous  tissue. 

The  larger  bile-ducts  are  lined  with  columnar  epithelium,  and  the  smaller 
channels,  with  cells  of  a  cubical  type.  The  biliary  capillaries,  which  are  lined 
with  delicate  flattened  cells,  originate  within  the  liver-lobules,  and  their  primary 
tributaries  seem  to  be  formed  by  the  hepatic  cells  themselves. 

MALPOSITIONS  and  MALFORMATIONS  :— 

The  liver  may  be  transposed  in  cases  of  general  transposition  of  the 
viscera  (see  fig.  341).  Abnormalities  in  the  arrangement  of  the  lobes, 
and  the  presence  of  accessory  lobes  and  sulci,  are  of  anatomical,  rather 
than  pathological,  interest.  Displacements  are  frequently  observed,  the 
liver  being  displaced  either  upwards  or  downwards,  and  the  suspensory 
ligament  often  elongated.  The  hepatic  artery  may  be  doubled ;  or  the 
ductus  venosus  remain  patent. 

ACQUIRED  DEFORMITIES  and  DISPLACEMENTS,  such  as  those 
produced  by  the  pressure  of  tumours  or  of  fluid  accumulations,  are 

1  Aschoff,  Lectures  on  Pathology,  New  York,  1924,  p.  1  et  seq. 
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common.  Pressure  on  the  lower  part  of  the  thorax,  such  as  is  brought 
about  by  tight-lacing  or  by  prolonged  wearing  of  a  tight  belt,  causes  a 
flattening  of  the  liver,  and  the  production  of  transverse  grooves,  especi- 
ally in  the  right  lobe.  At  the  bottom  of  such  grooves,  the  capsule  is 
thickened,  and  there  is  considerable  atrophy  of  the  liver-tissue.  These 
grooves  may  be  well  defined  and  so-called  "  artificial  lobes  "  of  the 
liver  be  produced,  these  lobes  being,  in  extreme  cases,  attached  to  the 
main  part  of  the  organ  by  only  the  thickened  capsule,  fibrous  tissue, 
and  vessels  (see  fig.  357).     Depressions  corresponding  with  the  lines  of 


Fig.  357. — Liver.    Shewing  Atrophic  Sulci,  the  result  of  pressure. 


the  ribs  are  frequently  seen.  Antero-posterior  atrophic  sulci  may  occur 
upon  the  upper  surface  of  the  liver,  as  the  result  of  increased  intra- 
abdominal pressure  (see  fig.  357). 

Perihepatitis. — This  condition,  which  is  not  necessarily  due  to  actual 
inflammation,  is  very  common.  The  capsule  is  thickened  in  varying 
degree,  and  extensive  adhesions  between  it  and  the  adjacent  org 
or  tissues  are  sometimes  found.  It  results  from  any  chronic  irritative 
condition  in  the  peritoneal  cavity,  such  as  the  continued  accumula- 
tions of  ascitic  fluid  or  of  pus.  It  occurs  to  a  marked  degree  in 
acquired  syphilis  of  the  liver,  and  is  seen  also  in  chronic  enlargements 
of  the  organ,  and  in  cases  of  cirrhosis.  It  sometimes  results  from  healed 
tuberculous  peritonitis. 
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REGENERATIVE  CHANGES  IN  THE  LIVER  *:— 

It  has  been  shewn  by  experiment  that,  if  one-half  or  even  three- 
quarters  of  the  liver  of  a  rabbit  be  removed,  repair  takes  place  very 


Fig.  358. — Multilobular  Cirrhosis  of  the  Liver,  with  large,  projecting,  comparatively  smooth 
nodules.     These  latter  are  areas  of  compensatory  or  complementary  hypertrophy. 

rapidly,  and  that  the  organ  may  regain  its  ordinary  size — the  newly- 
formed  tissue  being,  in  the  main,  indistinguishable  from  liver-tissue. 
Mitotic  figures  are  easily  demonstrated  in  the  newly-formed  tissue,  and 

1  Lindsay  Milne,  Thesis  for  Degree  of  M.D.,  University  of  Edinburgh,  1908; 
and  Brit.  Med.  Jour.,  October  17,  1908,  p.  1169.  Turnbull  and  Worthington, 
Archives  of  Pathological  Institute,  London  Hospital,  1908,  vol.  ii.,  pp.  35  et  seq.  (Older 
references  are  given  in  both  of  these  communications. ) 
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there  seems  to  be  no  reason  to  doubt  that  the  repair  takes  place  by  a  pro- 
liferation of  liver-cells.  The  part  played  by  the  bile-ducts  in  this  new 
formation  is  more  uncertain,  but,  from  the  most  recent  work  on  the 
subject,  there  is  a  considerable  amount  of  evidence  that  the  cells  lining 
the  bile-ducts  may  be  transformed  at  any  rate  in  certain  areas — 
though  it  may  be,  imperfectly — into  secreting  hepatic  cells. 

These  regenerative  changes  are  very  common  in  pathological  conditions 
of  the  liver,  especially  in  cases  in  which  there  is  any  destruction  with  loss 
of  function,  in  the  secreting  cells  of  the  organ.  Thus,  in  acute  and  sub- 
acute liver-atrophy,  in  chronic  venous  congestion,  in  abscess-formation, 
in  cancer,  in  cirrhosis,  etc.,  there  may  be  seen,  microscopically,  irregular 
areas  in  which  the  liver-cells  stain  somewhat  intensely,  shew  an  atypical 
arrangement,  are  irregular  in  size  and  shape,  and  exhibit  active  pro- 
liferative changes.  Mitotic  figures  in  the  proliferating  cells  are  often  found. 
These  are  undoubtedly  regeneration-areas,  and  are  probably  to  be  regarded 
as  compensatory  in  nature.  The  new  bile-ducts,  which  occur,  apparently 
in  excess,  in  some  of  the  pathological  conditions  mentioned  above, 
appear  to  arise  by  proliferation  from  pre-existing  bile-capillaries,  though 
some  authors  still  hold  that  they  arise  from  liver-cells.  Lindsay  Milne 
opposes  both  views,  and  is  of  opinion  that  the  appearances  suggesting 
the  occurrence  of  proliferation  of  bile-ducts  are  really  due  to  the  flattened 
epithelial  cells  lining  minute  pre-existing  bile-channels  becoming  swollen 
and  cubical  in  form  and  thus  more  apparent. 

CIRCULATORY  DISTURBANCES  :— 

(a)  Pale  (ANEMIC)  patches  are  frequently  seen  on  the  surface  or  in 
the  sub&tance  of  the  liver,  and  are  the  result  of  pressure  by  the  ribs  or 
by  neighbouring  viscera — usually  after  death. 

(b)  ACUTE  CONGESTION  occurs  in  various  toxic  and  septicaemic 
diseases.  As  cloudy  swelling  (q.v.)  supervenes,  the  previously  congested 
vessels  become  emptied  of  their  blood  by  the  pressure  of  the  swollen 
liver-cells. 

(c)  CHRONIC  VENOUS  CONGESTION  results  from  obstruction  to  the 
circulation  in  the  liver.  The  commonest  cause  is  valvular  disease  of 
the  heart,  especially  mitral  disease;  but  it  may  also  result  from  obstruc- 
tion to  the  pulmonary  circulation,  or  pressure  on  the  inferior  vena  cava 
at  its  upper  part.  There  is  produced  a  general  engorgement  of  the 
venous  circulation,  not  in  the  liver  alone,  but  in  other  organs  as  well.  The 
liver  at  first  increases  in  size,  becomes  much  firmer  in  consistence,  and  is 
darker  in  colour.  On  section,  the  hepatic  veins  are  greatly  dilated,  and 
the  dark  central  veins  of  the  lobules,  surrounded  by  lighter  areas  of 
liver-cells,  may  be  seen.  At  later  periods,  fatty  changes  take  place  in 
the  cells,  and  an  irregular  mottling  of  the  surface  is  observed — the 
yellowish,  fatty  areas  alternating  with  the  dark-red  congested  parts. 
Yellowish   or  greenish    bile-staining   also  occurs.     On  account   of  this 
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mottling  and  variegation  in  colour,  and  the  resemblance  to  the  cut  surface 
of  a  nutmeg,  the  term  nutmeg-liver  has  been  applied  to  the  condition. 
As  the  process  advances,  there  is  considerable  atrophy  of  the  liver-cells 
from  compression  between  the  distended  vessels,  and  a  reduction  in  the 
size  of  the  organ  takes  place.  The  dark,  congested  areas,  seen  on  section, 
become  more  pronounced — from  progressive  involvement  of  the  capil- 
laries around  and  opening  into  the  central  vein — hence  the  name  central 
red  atrophy  applied  to  this  stage  of  the  disease.  The  capsule  usually 
becomes  thickened  and  wrinkled,  and,  frequently,  has  a  morocco-leather 


Fig.  359. — Liver.  Chronic  Venous  Congestion.  Section  on  left — early  stage,  shewing 
the  large  dilated  hepatic  veins,  etc.  The  small  dark  spots  are  the  areas  of  central 
red  atrophy  round  the  central  veins.  The  other  sections  shew  more  advanced  stages, 
with  a  greater  extent  of  vascular  dilatation,  the  darker  areas  being  confluent. 

appearance,  resembling  that  seen  in  fine  cirrhosis.  The  distribution  of 
the  change  is  often  unequal,  being,  in  many  cases,  most  marked  in  the 
distal  portions,  especially  of  the  left  lobe.  Localised  areas  are  also 
common,  as  a  result  of  local  obstruction  to  the  hepatic  veins  within  the 
liver,  e.  g.  from  the  pressure  of  tumours,  etc. 

On  microscopical  examination,  in  the  early  stages  (fig.  360),  the  central 
vein  of  the  lobule  is  distended  and  its  walls  are  thickened,  the  capillaries 
adjacent  to  it  are  also  engorged,  and  there  is  consequent  atrophy  of 
some  of  the  intervening  liver-cells.  Yellowish  granules  of  blood-pigment 
are  found  in  varying  numbers  in  this  region.  In  the  later  stages  (fig.  361), 
there  may  be  merely  a  narrow  zone  of  liver-cells  surviving  around  the 
portal  tracts,  and  even  these  cells  may  shew  advanced  fatty  changes. 
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The  remaining  part  of  the  lobule  is  made  up  of  distended  capillaries,  the 
walls  of  which  are  thickened,  and  between  which  the  liver-cells  have 
completely  disappeared.  Blood-pigment  is  usually  present  in  con- 
siderable amount.  Any  increase  of  fibrous  tissue  found  in  the  liver  in 
cases  of  uncomplicated  chronic  venous  congestion  is  due  merely  to  a 
thickening  of  the  walls  of  the  venules  and  capillaries  as  a  result  of  long- 
standing dilatation.  In  such  uncomplicated  cases,  there  is  no  over- 
growth of  fibrous  tissue  extending  either  from  the  portal  tract,  or  from 


Fig.  360. — Liver.  Early  stage  of  Chronic  Venous  Congestion,  shewing  dilatation  of  central 
veins  and  of  capillaries,  and  deposit  of  blood -pigment.  Note  portal  tract  with 
large  vein  at  right-hand  upper  corner.     X  50. 

the  rest  of  the  fibrous-tissue  framework  of  the  liver.  We,  therefore, 
consider  it  incorrect  to  state  that  cirrhosis  of  the  liver  may  be  a  sequel  of 
chronic  venous  congestion.  Irregular  areas  of  atypically  arranged 
liver-cells  shewing  mitosis,  etc.,  are  commonly  seen  in  advanced  cases 
of  chronic  venous  congestion.  From  the  researches  of  Turnbull,1  Lindsay 
Milne,2  and  others,  there  seems  no  doubt  that  these  are  areas  of  attempted 
restoration  or  regeneration  of  liver-tissue. 


1  Turnbull  and  Worthington,  Archives  Path.  Inst.,  London  Hospital,  vol.  ii., 
1903,  pp.  35  et  seq. 

2  Lindsay  Milne,  Thesis,  University,  Edinburgh,  1908. 
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(d)  EMBOLISM  and  THROMBOSIS  of  the  PORTAL  VEIN.— Though 
these  conditions  arise  as  a  result  of  pressure  on,  or  invasion  of,  the 
vein  by  tumours,  etc.,  they  are  usually  the  result  of  the  detachment  of 
portions  of  an  infective  thrombus,  or  the  direct  extension  of  this  thrombus 
from  one  of  the  radicles  of  the  vein — especially  a  mesenteric  vein — in 
cases  of  septic  enteritis,  appendicitis,  inflamed  haemorrhoids,  or  other 
infective  conditions  in  areas  from  which  the  portal  blood  comes.  The 
blocking  of  the  vein  may  cause  complete  necrosis  of  the  central  two- 
thirds  of  the  lobules,  though,  in  some  cases,  comparatively  little  damage 
to  the  liver-tissue  results — the  nutrition  of  the  cells,  especially  those  at 
the  periphery  of  the  lobules,  being  maintained  by  the  hepatic  artery. 


Fig.  361. — Liver     Chronic  Venous  Congestion,  advanced  stage,  shewing  atrophy  of  liver- 
cells  at  the  centres  of  the  lobules.  Cells  round  the  portal  spaces  are  not  involved.  X  30. 

If  the  condition  becomes  chronic,  there  is  usually  abundant  proliferation  of 
the  connective  tissue,  and,  perhaps,  leucocyte-infiltration,  of  the  affected 
portal  tracts.  The  sepsis,  however,  not  infrequently  extends  into  the  inter- 
lobular and  other  branches  of  the  vein,  and  these  may  become  distended 
and  infected,  with  the  production  of  large  irregular  suppurative  areas 
(pyle-phlebitis)  and  considerable  destruction  of  the  liver-tissue.  The 
obstruction  of  the  vein  sometimes  brings  about  a  dilatation  of  all  its 
radicles  in  the  abdominal  viscera,  and  produces  a  condition  of  passive 
hyperemia  with  ascites.  If  the  thrombosis  spreads  backwards  so  as  to 
involve  any  of  the  great  tributaries  of  the  portal  vein,  marked  pathological 
changes  may  occur  in  the  organs  which  they  drain. 

On  account  of  the  free  anastomosing  channels,  and  of  the  fact  that 
the  liver-tissue  is  nourished  largely  by  the  portal  vessels,  embolism  or 
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thrombosis  of  branches  of  the  hepatic  artery  usually  produces  little 
change  of  importance — unless  the  plug  be  of  an  infective  nature,  in  which 
case  abscess-formation  may  result  * — but  haemorrhagic  infarcts  of  the  liver 
have  been  described,  and,  in  these  cases,  there  has  usually  been  thrombosis 
in  many  branches  both  of  the  hepatic  artery  and  of  the  portal  vein,  or 
thrombosis  in  the  portal  vein  with  extensive  degenerative  (endarteritis 
obliterans),  and  therefore  obstructive,  changes  in  the  hepatic  artery. 

RETROGRESSIVE  CHANGES  IN  THE  LIVER  :— 

In  studying  the  retrogressive  processes  in  the  liver,  it  must  always  be 
borne  in  mind  that  changes  due  to  decomposition  take  place  very  rapidly 
in  the  organ.  Local  alterations  of  colour  are  common — a  bluish-black 
discoloration  (pseudomelanosis)  appearing,  especially  where  the  liver  is 
in  contact  with  the  transverse  colon;  and  yellowish  or  pale  anaemic 
patches  shewing,  as  a  result  of  the  pressure  of  the  ribs,  etc.  Gas- 
formation  may  occur  after  death.  This  is  seen,  in  its  most  marked  form, 
as  an  extensive  honeycombing  of  the  liver  which  occasionally  results 
from  infection  with  B.  aerogenes  cajosidatus.  There  seems  very  little 
doubt,  however,  that,  though  the  most  active  growth  of  this  organism 
takes  place  after  death,  yet  there  are  cases  in  which  the  emphysematous 
condition  of  the  liver  produced  by  it  is  of  ante-mortem  occurrence :  e.  g.  in 
cases  of  gas-  or  emphysematous  gangrene.  The  pseudo-cysts  produced 
in  this  way  are  simply  air-  or  gas-spaces  without  liquid  contents.  Their 
walls,  formed  directly  of  liver-tissue  and  without  lining  membrane,  are 
dry  and  smooth,  and  the  gas-producing  organisms  may  be  found  in  large 
numbers  in  the  walls  and  adjacent  liver-tissue. 

(a)  ATROPHY  of  the  liver-cells  supervenes  in  old  age,  and  also  in 
diseases  which,  either  as  a  result  of  general  toxic  poisoning,  or  merely 
following  interference  with  the  absorption  of  food,  cause  general  emacia- 
tion. Thus,  the  condition  is  sometimes  seen  to  a  marked  degree  in  cases 
of  phthisis,  and  in  cancer  of  the  stomach. 

Local  Atrophy  may  result  from  pressure  by  tumours  in  the  liver,  by 
dilated  capillaries  in  chronic  venous  congestion,  by  dilated  hepatic  veins, 
especially  if  near  the  surface  of  the  organ,  or  by  the  swollen  capillary 
walls  in  waxy  degeneration.  Obstruction  of  the  common  bile-duct,  by 
causing  dilatation  of  its  tributaries,  may  also  bring  about  pressure- 
atrophy  of  the  liver-cells.  Microscopically,  the  liver-cells  of  the  affected 
part  become  distorted,  decreased  in  size,  and  usually  pigmented.  At 
later  periods,  they  break  down  and  disappear. 

(b)  ACUTE  LIVER-ATROPHY  (or  Acute  Yellow  Atrophy).  — The 
aetiology  of  this  rare  disease  is  at  present  unknown,  but  it  is  more  or  less 
agreed  that  the  liver-changes  are  produced  by  some  poison  in  the  general, 

1  Lindsay  Milne  (loc.  cit.)  finds  that  experimental  ligature  of  the  portal  vein  in 
rabbits,  cats,  and  dogs,  produces  rapid  necrosis  of  the  central  two-thirds  of  the 
lobules ;   whilst  ligature  of  the  hepatic  artery  produces  no  visible  effect. 
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or  perhaps  more  especially  in  the  portal,  circulation.  It  has  been  sug- 
gested that  this  poison  may  be  produced  by  decomposition-processes  in 
the  stomach  or  the  intestine,  and  that  it  may  possibly  be  of  the  nature 
of  a  ferment  which  is  capable  of  destroying  the  liver-cells.  There  seems 
to  be,  however,  much  evidence  in  favour  of  the  view  that  the  condition 
is  an  infective  one. 

An  identical,  or,  at  all  events,  very  similar,  pathological  process  has 
been  described  in  certain  cases  of  syphilis  which  have  died  immediately 
or  shortly  after  the  injection  of  salvarsan  or  its  substitutes. 

Acute  liver-atrophy  may  be  simulated  to  some  degree,  both  clinically 
and  pathologically,  by  certain  cases    of  septicaemia,  and  by  cases  of 


Fig.  362. — Acute  Liver-Atrophy  (Acute  Yellow  Atrophy),  shewing,  at  some  parts,  the 
entire  absence  of  liver-cells,  and,  at  others,  degenerative  changes  in  them.  Note  also 
the  apparent  cellular  character  of  the  portal  spaces.     X  30. 


phosphorus-  and  ptomaine-poisoning ;  but,  in  studying  the  development 
of  such  cases,  it  is  obvious  that  there  are  certain  essential  differences 
between  them  and  true  acute  liver-atrophy.  Thus,  in  cases  of  septicaemia, 
and  in  phosphorus-  and  ptomaine-poisoning,  the  destruction  of  the 
liver-cells  is  a  sequel  of  acute  fatty  changes;  whereas,  in  acute  liver- 
atrophy,  the  absence  of  fatty  changes  is  usually — according  to  some 
observers,  with  whom  we  agree — a  very  striking  feature  of  the  disease. 
For  this  latter  class  of  cases,  where  there  is  acute  destruction  or  necrosis 
of  liver-cells  without  preceding  fatty  transformation,  i.e.  the  classical 
acute  liver- atrophy,  no  definite  cause  has  yet  been  discovered. 

The  disease  may  appear  at  any  age  and  in  either  sex.    In  some  cases, 
parturition  seems  to  be  a  determining  factor,  but  it  does  not  play  the 
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important  part  attributed  to  it    by  some   authors.    The  condition   is 
associated  with  the  occurrence  of  jaundice 

Morbid  Anatomy. — In  the  early  stages,  it  is  said  that  the  liver  may  be 
slightly  enlarged.  Very  soon,  however,  it  becomes  shrunken  and  flabby. 
The  capsule,  on  account  of  the  degenerative  shrinking  of  the  substance  of 
the  organ,  becomes  wrinkled.  On  section,  a  variegated  appearance  is 
presented,  brownish-yellow  or  bright  yellow  jaundiced  areas  alternating, 
in  a  very  irregular  manner,  with  bright  or  dark  red  patches.  These  latter 
are  areas  in  which  the  liver-cells  have  become  disintegrated,  and  replaced 
by  dilated  capillaries  and  hemorrhagic  foci — the  former,  i.  e.  the  yellow 
areas,  are  the  parts  where  the  liver-cells,  stained  with  bile,  still  survive. 
The  changes  are  very  unevenly  distributed,  and,  though  some  areas  are  soft 
and  friable,  the  section,  as  a  whole,  is  usually  somewhat  firm  and  elastic. 
The  gall-bladder  generally  contains  only  a  small  quantity  of  bile,  or  the 
contents  may  be  colourless  and  be  composed  mainly  of  mucus ;  but  there 
are  no  special  changes  in  the  gall-bladder  itself  or  in  the  larger  bile-ducts. 

On  microscopical  examination,  the  liver-cells  shew  all  stages  of  degen- 
eration. At  the  beginning  of  the  process,  the  cells  are  swollen,  and  more 
granular  than  normal.  Gradually,  the  nucleus  loses  its  power  of  staining 
with  the  basic  dyes,  the  cytoplasm  becomes  disintegrated,  and  the  out- 
lines of  the  cells  indefinite — irregular,  granular  masses  and  debris  remaining 
as  the  only  residue  of  the  degenerated  liver-cells.  Eventually,  even  this 
debris  is  absorbed,  and  the  lobules  of  the  liver  are  represented  by  masses 
of  capillaries  and  the  supporting  structures.  In  these  degenerated  areas, 
crystals  and  granules  of  pigment,  hematogenous  in  origin,  are  found, 
and  also,  sometimes,  leucine  and  tyrosine.  In  some  of  the  less  acute 
cases  (subacute  liver-atrophy  or  subacute  yellow  atrophy),  regenerative 
processes  in  the  liver-cells  are  seen  side  by  side  with  the  degenerative  ones. 

In  the  portal  tracts  in  both  acute  and  subacute  cases,  there  is  usually 
an  apparent  proliferation  of  the  minute  bile-ducts.  According  to  Lindsay 
Milne,1  these  "  duct -structures "  are  not  produced  by  proliferation, 
from  either  liver-cells  or  bile-ducts,  but  are  simply  "  the  becoming 
evident  of  the  normal  more  resistant  bile-channels  connecting  the  liver- 
cell  with  an  inter-lobular  bile-duct."  "  Their  epithelium  tends  to  assume 
a  cubical  appearance  in  the  same  way  as  does  the  delicate  lining  of  the 
air  alveoli  of  the  lung  in  interstitial  pneumonia/' 

Numerous  petechial  haemorrhages  are  generally  found  in  the  skin  and 
in  the  serous  and  mucous  membranes.  The  urine  may  contain  leucine 
and  tyrosine. 

(c)  POISONING  with  TRI-NITRO-TOLUENE  (T.N.T.),2etc-  A  condition 
very  similar  to  acute  liver-atrophy  has  been  described  as  occurring  among 

1  Lindsay  Milne,  Brit  Med,  Jour.,  October  17,  1908,  p.  1169. 

2  T.N.T.,  either  pure  or  compounded  with  ammonium  nitrate  (amatol  or 
ammonal),  may  be  absorbed  through  the  skin  or  through  the  digestive  tract, 
or  by  inhalation  of  its  fumes  or  dust.  It  may  cause  dermatitis,  neuro-vascular 
conditions,  gastro-intestinal  disturbances  (especially  gastritis  and  constipation),  and 
occasionally,  a  very  fatal  form  of  ana?mia  (aplastic  amemia),  as  well  as  the  liver- 
degeneration  or  "  toxic  jaundice"  described  above. 
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munition-  and  aeroplane-workers — in  the  former,  because  of  the  use  of 
tri-nitro-toluene  and  its  compounds,  and  in  the  latter,  because  of  the 
presence  of  tetra-chlorethane  in  the  "  dope  "  or  cellulose  varnish  which 
was  at  one  time  used  for  coating  the  wings  of  aeroplanes.  The  liver, 
in  these  cases,  is  considerably  reduced  in  size  and  may  shew  an  irregular 
surface  with  the  capsule  wrinkled  and  thickened.  On  section,  it  presents 
a  mottled  appearance,  red  and  yellowish  or  greyish  areas  being  irregu- 
larly distributed,  and  the  yellowish  areas  projecting  above  the  reddish 
ones. 

On  microscopical  examination,  the  liver-cells  shew  all  stages  of 
degeneration,  the  most  marked  changes  being  near  the  centres  of  the 
lobules.  The  cells  may  be  swollen,  granular,  or  fatty,  but  a  great  many 
of  them  are  necrosed  and  only  debris  left.  The  amount  of  fatty  change 
varies  in  different  cases.  This,  no  doubt,  depends  on  the  intensity  of 
the  poisoning — the  more  acute  and  rapid  cases  shewing  only  destructive 
and  necrotic  changes  in  the  cells.  The  yellow  areas  represent  the  less 
advanced  changes.  In  the  red  areas,  there  may  be  no  trace  of  liver-cells, 
the  tissue  present  representing  the  walls  of  the  capillaries  and  also  develop- 
ing fibrous  tissue.  This  new  fibrous  tissue  varies  in  amount  and  in 
the  stage  of  development,  and  certain  areas  may  be  completely  fibrous. 
Cellular  infiltration  in  the  portal  spaces  is  sometimes  a  marked  feature — 
the  cells  being  of  the  lymphocyte-type  and  representing  the  early  stage  in 
the  cirrhotic  condition.  The  small  bile-ducts  around  the  portal  tracts 
may  appear  to  be  more  numerous  than  normal,  and  they  frequently  shew 
catarrhal  changes.  Areas  of  regeneration  are  sometimes  seen.  The  left 
lobe  of  the  fiver  is  usually  more  affected  than  the  right.  These  degen- 
erative changes  are  due  apparently  to  the  direct  action  of  the  poison  on 
the  cells  of  the  fiver,  and  not  to  any  special  haemolysis.  The  jaundice 
results,  in  part  at  any  rate,  from  the  obstruction  caused  by  the  catarrh 
in  the  small  bile-ducts.  The  blood,  in  this  condition,  may  not  shew  any 
special  changes,  but  there  is  frequently  a  diminution  in  the  number  of 
leucocytes,  though,  in  some  cases,  there  is  an  actual  increase  of  these  cells. 
Fatty  and  other  degenerative  changes  may  also  be  found  in  the  secreting 
cells  of  the  kidney  and  in  the  myocardium. 

(d)  CLOUDY  SWELLING  of  the  fiver-cells  occurs  in  connection  with 
all  acute  bacterial  and  toxic  diseases.  There  is,  usually,  a  preliminary 
congestive  stage  which,  however,  generally  passes  off  as  the  capillaries 
become  compressed  between  the  swollen  fiver-cells.  The  fiver  is  enlarged, 
and  the  hepatic  cells  appear  more  granular  than  normal.  This  granu- 
larity (p.  30)  is  largely  due  to  a  swelling  of  tfie  cyto-reticulum.  Albu- 
minous and  fatty  granules  may  be  present.  The  liver-tissue  is  paler 
and  more  opaque  than  normal,  the  outlines  of  the  lobules  are  obscured, 
and  the  substance  is  more  friable. 

(e)  FATTY  CHANGES  are  common,  both  degeneration  and  infiltra- 
tion occurring,  very  frequently  in  combination  (see  Plate  I,  figs.  1  and  3, 
p.    42).     They   are   found    especially   in    acute   fevers,   in   septicaemia, 
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in  wasting  diseases,  in  acute  alcohol-,  phosphorus-,  or  chloroform- 
poisoning,  in  severe  anaemias,  especially  pernicious  anaemia,  etc.  They 
may  follow,  and  be  associated  with,  cloudy  swelling.  For  descriptive 
purposes  it  is  convenient  to  describe  Fatty  Degeneration  and  Fatty 
Infiltration  separately. 

Fatty  Degeneration. — The  liver  may  be  slightly  enlarged,  but,  more 
usually,  it  is  reduced  in  size.  The  substance  is  friable,  and  pale  or  yellowish 
— being,  in  acute  cases,  sometimes  bright  canary-yellow  in  colour.  On 
microscopical  examination,  the  hepatic  cells  are  found  to  be  filled  with 
minute  droplets  of  fat,  which  are  irregularly  distributed  throughout  the 
cytoplasm — the  nucleus  of  the  cell  remaining  more  or  less  central.  In 
the  earlier  stages  of  the  process,  the  fat-globules  are,  in  some  cases, 
found  specially  towards  the  central  part  of  the  lobule,  round  the  hepatic 
vein.  Very  often,  however,  the  distribution  of  the  change  is  throughout 
the  lobule,  a  condition  which  is  also  seen  in  the  later  stages  of  cases  in 
which  it  originally  has  been  central.  The  particles  of  fat  are  usually 
small,  but,  especially  in  the  more  acute  cases,  they  may  coalesce  to  form 
larger  globules. 

Fatty  Infiltration. — In  uncomplicated  fatty  infiltration,  the  liver  may 
be  increased  in  size,  often  to  a  considerable  extent,  and  its  edges  rounded. 
The  organ  is  unduly  soft  in  consistence,  and  has  a  yellowish  colour.  In  the 
earlier  cases,  especially  if  combined  with  chronic  venous  congestion,  the 
lobules  may  be  mapped  out  very  distinctly,  the  pale  yellowish  periphery 
being  in  marked  contrast  with  the  red  centre.  In  more  advanced  uncom- 
plicated cases,  the  lobular  outline  is  lost.  On  microscopical  examination, 
the  fat  is  seen  in  the  form  of  large  globules,  especially  in  the  peripheral 
zone  of  the  lobule ;  but,  as  the  condition  advances,  the  fatty  droplets  are,  as 
a  rule,  found  in  all  the  cells  from  the  periphery  to  the  centre.  The  cells 
are  swollen,  and  the  nucleus  is  pushed  to  one  side  as  a  result  of  confluence 
of  the  globules.  This  condition  is  seen  especially  in  cases  of  chronic 
alcoholism.  Its  occurrence  in  combination  with  chronic  venous  congestion 
has  already  been  described.  The  condition  is  always  associated  with  a 
varying  degree  of  fatty  degeneration. 

(/)  WAXY  or  AMYLOID  DEGENERATION  in  the  liver  is  always 
associated  with  waxy  degeneration  in  the  spleen  and  the  kidney,  and 
perhaps  also  in  other  organs.  The  fine  connective  tissue  in  the  walls  of 
the  hepatic  artery  may  alone  be  affected,  or  the  condition  may  be  wide- 
spread, and  affect  almost  the  whole  of  the  capillary  network  of  the  organ. 
All  stages  between  these  two  varieties  may  be  found.  The  liver  is 
enlarged,  sometimes  very  considerably,  and  the  edges  are  rounded. 
It  is  firm  and  elastic  in  consistence.  On  section,  there  is  a  wax-like 
translucence  of  the  whole  surface  or,  in  some  cases,  of  irregular  areas.  On 
microscopical  examination,  there  is  great  thickening  of  the  walls  of  the 
arteries  and  capillaries,  the  thickened  tissues  presenting  a  homogeneous, 
translucent  appearance,  and  reacting  with  the  special  stains  for  waxy 
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degeneration  (see  Plate  II,  fig.  3,  p.  58).  The  intervening  liver-cells  are 
greatly  atrophied,  and,  in  places,  may  have  entirely  disappeared.  Fatty 
degeneration  is  frequently  associated  with  the  waxy  change.  The 
change  spreads  sometimes  to  the  walls  of  the  portal  and  hepatic 
veins,  and  to  the  connective  tissue  of  the  portal  tracts.  In  spite  of 
the  very  great  thickening  of  the  walls  of  the  vessels,  there  is  little,  if 
any,  obstruction  to  the  blood-flow  through  the  liver,  and,  consequently, 
no  ascites.  There  is  no  hindrance  to  the  outflow  of  bile,  and,  therefore, 
jaundice  is  not  associated  with  the  waxy  change. 

(g)  PIGMENTARY   CHANGES.— An   increased   amount   of    pigment 
mav  occur  in  the  liver-cells  in  various  diseased  conditions.    In  all  cases 


Fig.  363. — Waxy  or  Amyloid  Degeneration  of  Liver.  The  lower  parts  of  each  section 
have  been  treated  with  iodine.  Three  specimens  shewing  different  types  of 
distribution  of  the  change. 

of  atrophy  of  the  liver,  an  increase  in  pigmentation  is  found.  In  diseases 
in  which  there  is  breaking  down  of  the  red  blood-corpuscles,  the  hsemato- 
genous  pigment  accumulates  in  the  liver-cells.  This  pigment  may  contain 
iron,  either  in  loose,  or  in  firm,  combination.  Thus,  in  pronounced  anaemias, 
especially  of  the  pernicious  type,  in  septicaemias,  etc.,  a  pigment — hemo- 
siderin— which  gives  the  chemical  reactions  of  free  iron,  may  be  found  in 
considerable  quantities,  especially  in  the  peripheral  zone  of  the  lobules 
(see  Plate  III,  fig.  3,  p.  74).  In  chronic  venous  congestion,  the  pigment 
is  deposited  in  the  cells  of  the  central  zone,  and,  in  this  hsematoidin 
pigment,  iron  cannot  be  demonstrated  by  the  ordinary  chemical  tests. 

In  cases  of  malaria,  a  pigment  derived  from  the  red  blood -corpuscles 
accumulates  in  the  connective  tissue  of  the  portal  spaces,  along  the  walls 
of  the  capillaries,  and  in  the  liver-cells.    In  haemochromatosis,  there  may 
51 
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be  a  very  considerable  amount  of  pigment — iron-containing  (hemosiderin) 
and  iron-free  (haemofuscin)  in  both  the  liver-cells  and  the  connective  tissue. 
In  jaundice,  the  bile-pigment,  in  the  form  of  dark  green  granules  or  in 
crystalloid  masses,  accumulates  both  in,  and  external  to,  the  liver-cells, 
giving  to  the  liver  a  dark  olive-green  appearance  (see  Plate  III,  fig.  5, 
p.  74).  In  cases  of  poisoning  with  salts  of  silver,  there  may  be  an  accu- 
mulation of  the  silver  in  the  liver-cells.  Sometimes,  though  very  rarely, 
carbon-pigment  is  found  in  the  portal  spaces  in  cases  of  anthracosis. 

(//)  GLYCOGENIC  INFILTRATION  occurs,  but  has  been  sufficiently 
referred  to  in  Chapter  II,  p.  53. 

(t)  FOCAL  NECROSIS  in  the  liver  is  dealt  with  in  Chapter  III,  p.  98. 

"INFLAMMATION  OF  THE  LIVER"  :— 

Acute  inflammatory  changes  in  the  liver,  apart  from  abscess-formation, 
are  said  to  occur  commonly  in  tropical  countries,  and  especially  in  cases 
of  malaria.  Reference  has  already  been  made  to  Acute  Congestion  and 
to  Cloudy  Swelling. 

SUPPURATIVE  HEPATITIS  (Abscess  of  the  Liver)  occurs  in  various 
forms  : — 

(a)  TROPICAL  ABSCESS  is  sometimes  found  without  active  symptoms 
of  dysentery,  though  in  some  of  these  cases,  ulceration  of  the  intestine  is 
present.  As  a  general  rule,  however,  the  presence  of  dysenteric  ulceration 
is  indicated  by  definite  clinical  manifestations,  and  the  abscess  is  a 
secondary  manifestation  of  the  ulceration.  The  abscess  in  the  liver  is  most 
frequently  a  solitary  one,  but  two  or  more  abscesses  may  be  present, 
occurring  in  series,  so  that,  on  post-mortem  examination,  each  may  shew  a 
different  stage  in  the  process  of  development.  The  abscess  usually  takes 
origin  deep  in  the  substance  of  the  liver,  and  may  gradually  make  its  way 
to  the  surface  of  the  organ,  there  giving  rise  to  the  formation  of  sinuses 
which  open  through  the  diaphragm  or  through  the  abdominal  wall.  The 
contents  of  the  abscess,  thick,  creamy,  and  of  a  pinkish  colour,  consist  of 
fragments  of  broken-down  liver-tissue,  with  or  without  pus-cells.  There 
may  be  no  sign  of  inflammation  in  the  surrounding  tissue,  but,  in  chronic 
abscesses,  the  wall  shews  a  very  definite  formation  of  cicatricial  fibrous 
tissue.  On  microscopical  examination,  Entamcebce  histolytica  may,  or  may 
not,  be  found  in  the  contents  of  the  abscess ;  but,  in  the  necrosing  liver- 
tissue  forming  its  wall,  they  are  always  present  and  often  in  considerable 
numbers.  The  amoebae  may  also  be  found  in  vessels  at  some  distance  from 
the  local  focus.  Secondary  infection  with  various  bacilli,  especially  those  of 
the  colon-typhoid  group,  and  micrococci,  is  not  infrequent.  The  amoebae 
pass  to  the  liver  from  the  intestine  by  way  of  the  portal  vein  and  its 
tributaries. 

(6)  PYEMIC  ABSCESSES  are  usually  multiple,  and  may  be  widely 
spread  in  the  liver,  or  localised  to  definite  areas.  They  are  commonly 
secondary  to  a  septic  phlebitis  of  the  portal  vein — the  source  of  the  infec- 
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tion  being  usually  in  the  large  intestine  and  appendix,  and  frequently 
causing,  in  the  first  instance,  a  septic  thrombosis  of  one  of  the  mesenteric 
veins.  A  similar  condition  is  sometimes  produced  by  direct  thrombosis 
of  the  vein,  which  may  arise  as  a  result  of  ulceration  into  it,  or  of  pressure 
on  it,  by  a  gall-stone  impacted  in  the  bile-ducts,  or  of  the  severe  inflam- 
matory changes  which  may  follow  this  cause,  even  where  ulceration  has  not 
taken  place.  On  the  other  hand,  abscesses  occur  without  thrombosis. 
Thus,  in  cases  of  pyaemia,  the  causal  bacteria  which  are  in  the  blood  may 
become  lodged  in  the  liver,  and  give  rise  to  abscess-formation.  On 
microscopical  examination,  the  contents  of  the  abscess  are  seen  to  consist 
of  degenerated  and  necrotic  liver-tissue  mixed  with  leucocytes  of  various 
kinds.    The  causal  bacteria  may  also  be  found. 

(c)  BILIARY  ABSCESSES,  or  collections  of  pus  in  the  biliary  passages, 
result  from  retained  secretion  in  the  passages  becoming  infected,  the 
obstructing  agents  being  gall-stones,  cancer,  parasites,  etc.  In  other 
instances,  there  may  be  a  diffuse  suppurative  condition  of  the  bile-passages 
(suppurative  cholangitis).  The  infecting  organism  is  usually  one  of  the 
members  of  the  colon-typhoid  group. 

(d)  Abscesses  of  the  Liver  due  to  infection  with  Streptothrix  actinomyces, 
or  resulting  from  suppuration  in  hydatid  cysts,  and  other  causes,  may 
also  occur,  but  present  no  important  features  which  distinguish  them 
from  similar  abscesses  elsewhere. 

CHRONIC  INTERSTITIAL  HEPATITIS  (CIRRHOSIS)  :— 

The  pathological  manifestations  of  this  group  of  diseases  vary,  but,  in 
all  cases,  the  essential  change  is  an  overgrowth  of  the  supporting  connect- 
ive tissue  of  the  organ- — the  new  formation  commencing  almost  always  in 
the  region  of  the  portal  spaces,  where  the  fibrous  tissue  is  normally  most 
abundant.  This  increase  of  fibrous  tissue  may  be  confined  to  the  periphery 
of  the  lobules,  or  it  may  spread  into  them,  and  so  isolate  masses  of  liver- 
cells. 

Causation. — The  disease  is  usually  the  result  of  irritants  carried  to  the 
liver  by  the  blood,  the  nature  of  these  irritants  often  being  obscure. 
Alcohol  in  certain  forms  seems  to  be  a  very  potent  factor — the  ordinary 
"  gin-drinker's  liver  "  being  a  definitely  recognised  form  of  the  disease. 
We  have,  however,  seen  cases  in  which  the  liver  exhibited  changes  identical 
with  those  found  in  this  variety  of  cirrhosis,  where  all  possibility  of 
alcoholic  indulgence  could  be  excluded ;  and  Greenfield  and  others  have 
described  the  occurrence  of  a  similar  condition  in  the  liver  of  the  cat. 
The  condition  may  occur  secondarily  to  infective  diseases,  such  as  leprosy, 
syphilis,  malaria,  etc.,  and  a  similar  cirrhotic  change  in  the  liver  may  be 
found  in  young  subjects,  especially  after  scarlet  fever.  In  the  cirrhosis  of 
bronzed  diabetes  or  haemochromatosis,  the  irritation  caused  by  the  pigment 
seems  to  be  an  important  agent  in  producing  the  overgrowth  of  the  fibrous 
tissue. 
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Irritation  of  the  biliary  passages  in  the  liver  also  brings  about  this 
overgrowth,  and  it  has  been  said — though  there  is  little  evidence  in  support 
of  the  statement — that  the  direct  passage  from  the  intestine,  by  way  of 
the  bile-passages,  of  bacteria,  the  products  of  bacterial  activity,  or  the 
products  of  disordered  intestinal  metabolism,  may  have  some  share  in 
the  production  of  biliary — or  what  Mallory  calls  "infectious" — cirrhosis. 
In  the  majority  of  cases,  it  seems  more  probable  that  the  irritation  is 
brought  about  by  toxic  substances  which  reach  the  bile-passages  directly 
from  the  blood-stream.  The  distribution  of  the  fibrous  tissue  in  the 
liver  is  determined  by  the  nature  of  the  irritant,  the  manner  of  its 
introduction,  and  probably,  to  a  greater  degree,  by  the  extent  and 
characters  of  the  lesions  produced  by  it — especially  its  effects  upon 
the  liver-cells. 

For  many  years,  pathologists  have  regarded  this  fibrous- tissue  over- 
growth as  the  primary  lesion  in  cirrhotic  conditions  of  the  liver ;  but  recent 
researches,  especially  those  in  which  experimental  methods  have  been 
employed,  conclusively  prove  that,  though  such  "  irritative  "  overgrowth 
may  result,  to  a  certain  extent,  from  the  direct  action  of  the  irritant  upon 
the  pre-exist  ent  fibrous  tissue,  yet  the  essential  and  most  important  action 
of  the  toxic  substances  is  on  the  liver-cells  themselves.  According  to  the 
rapidity  or  chronicity  of  the  destructive  changes  in  the  liver-cells,  according 
to  the  extent  and  distribution  of  these  changes,  and  according  to  the 
capacity  or  otherwise  of  the  cells  to  undergo  regenerative  and  reparative 
processes,  so  will  be  the  nature  and  distribution  of  the  resulting  histological 
lesions. 

Thus,  in  the  so-called  "  acute  liver-atrophy,"  the  destructive  processes 
in  the  liver-cells  are  rapid,  wide-spread,  and  in  excess  of  the  reparative. 
In  "  subacute  liver-atrophy,"  which  is  due  usually  to  recurring  acute 
attacks  of  less  severity,  the  patient  survives  long  enough  to  allow  of  a 
considerable  amount  of  repair  to  take  place.  In  multilobular  cirrhosis, 
due  to  the  action  of  some  toxic  substance  such  as  alcohol,  the  damage  to 
the  liver-cells  is  long  continued  and  gradual;  and  it  is  the  cells  at  the 
periphery  of  the  lobules  that  are,  from  their  position,  specially  liable  to 
such  damage.  Many  of  them  are  destroyed,  and,  if  they  are  not  replaced 
by  proliferation  of  the  liver-cells  themselves — a  process  wThich  is  usually, 
in  such  cases,  somewhat  imperfect — their  place  is  taken  by  the  tissue 
which  can  most  readily  undergo  proliferation,  viz.  the  connective  tissue 
of  the  portal  tracts,  which,  accordingly,  gradually  and  progressively 
replaces  them. 

Thus,  to  sum  up  the  position  :  though,  in  some  cases  of  fibrous  over- 
growth in  the  liver,  it  must  be  admitted  that  the  irritant  acts  directly  on 
the  connective  tissue,  causing  it  to  proliferate,  there  seems  no  doubt  that, 
in  the  majority  of  cases,  the  primary  change  is  a  destruction  of  the  liver- 
cells.  This  is  followed  by  a  certain  degree  of  regeneration,  which,  however, 
is  inadequate  to  the  needs  of  the  organ;    and,  as  a  sequel,  what  may  be 
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regarded  as  a  compensatory,  or  rather  complementary,  overgrowth  of 
fibrous  tissue  takes  place. 

COMMON  CIRRHOSIS  (Polylobular  or  Multilobular  Cirrhosis,  Alcoholic 
or  "Hobnail"  Cirrhosis, 
"  Gin-Drinker's  Liver  ").— 
In  this  form  of  cirrhosis,  the 
overgrowth  of  fibrous  tissue 
appears  to  be  related  especi- 
ally to  the  distribution  of 
the  portal  vein  in  the  liver. 

In  the  more  acute  mani- 
festations of  this  disease, 
the  newly-formed  fibrous 
tissue  may  be  wide-spread 
in  its  distribution,  and 
extend  for  some  distance 
into  the  peripheral  part  of 
the  lobule.  The  liver  is 
usually  enlarged,  and  shews 
very  slight  irregularity 
of  surface — in  fact,  in  the 
early  stages  of  the  process, 
the  surface  is  comparatively 
smooth.  On  section,  the 
fibrous  tissue  is  widely 
spread  and  somewhat  cellu- 
lar in  character,  and  it 
isolates  areas  of  liver-tissue 
which  vary  considerably  in 
size  —  some  corresponding 
with  single,  some  with 
several,  lobules.  There  is 
extension  of  the  fibrous 
tissue  into  the  peripheral 
zone  of  the  lobules,  with 
also  a  proliferation — or  an 
apparent  proliferation  1 — of 
the  small  bile-ducts.  Fatty 
changes  are  almost  con- 
stantly present  in  the  liver- 
cells.  This  condition  is  frequently  associated  with  jaundice,  and  hence 
is  often  classed  with  the  "  Hypertrophic  Cirrhosis  "  of  Hanot. 

Usually,    the    condition   is    chronic,    and   constitutes    the    form    of 

1  See  pp.  791  and  798  for  Lindsay  Milne's  interpretation  of  these  apparently 
proliferative  changes. 


Fig.  364. — Common  or  Polylobular  Cirrhosis  of 
the  Liver,  shewing  "  hobnail  "  appearance  of 
the  surface. 
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atrophic  cirrhosis  or  "  hobnail "  liver.  The  liver,  which  at  first  may  be 
slightly  enlarged,  soon  becomes  contracted,  irregular  on  the  surface,  and 
extremely  hard.  The  elevations,  which  are  composed  of  areas  of  liver- 
cells,  are  often  yellow  in  colour  from  fatty  changes.  On  microscopical 
examination,  there  is  marked  proliferation  of  the  fibrous  tissue  round  the 
inter-lobular  branches  of  the  portal  vein.  This  fibrous  tissue  is  dense  in 
character,  and  usually  surrounds  several  lobules  of  the  liver,  hence  it  is 
termed  multi-  or  poly-lobular  cirrhosis.  Some  invasion  at  the  margin  is 
usually  seen,  and  thus,  small,  irregularly  rounded  areas  of  liver-tissue 


In;.  305. — Common  or  Polylobular  Cirrhosis  of  the  Liver. 

become  isolated.  The  liver-cells  shew  fatty  and  other  degenerative 
changes,  and  may,  in  certain  areas,  be  extensively  atrophied.  Mallory  1 
describes  a  form  of  necrosis  of  the  liver-cells,  which  he  claims  is  character- 
istic of  alcoholic  cirrhosis.  The  cells  are  swollen,  and  an  irregular,  coarse, 
hyaline  network  appears  in  them.  This  may  occur  at  scattered  points  in, 
or  be  widely  diffused  throughout,  the  liver.  After  the  h valine  change  has 
reached  a  certain  degree  of  intensity,  the  cells  become  surrounded  and 
invaded  by  numerous  polymorphonuclear  or  mononuclear  Leucocytes, 
which  dissolve  the  cell  and  bring  about  its  disappearance.     Side  by  side 

1  Mallory,  Principles  of  Pathologic  Histology,  W.  B.  Saunders  Company,  1914, 
p.  504. 
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with  the  destruction,  active  regeneration  takes  place,  and  a  proliferative 
activity  of  the  fibroblasts  leads  to  the  increase  of  connective  tissue. 
In  practically  all  cases,  atypical  areas  of  liver-cells,  in  which  the  cells  are 
grouped  in  thick  irregular  columns,  are  seen ;  and,  in  these,  the  individual 
cells  may  be  of  considerably  larger  size  than  normal,  and  may  shew  mitotic 
figures.  These  are  areas  of  regeneration,  and  are  probably  compensatory 
in  nature.  It  is  still  uncertain  whether  the  newly -formed  liver-cells 
originate  from  bile-duct  epithelium  or  from  pre-existing  liver-cells,  the 
latter  being  their  more  probable  origin.  The  bile-ducts  may  shew  a 
certain  degree  of  proliferation,  but  are  not  obstructed,  so  that  jaundice 
is  not  a  usual  result  of  this  form  of  cirrhosis.  There  is  considerable 
obstruction  to  the  flow  of  blood  through  the  portal  vessels,  and,  unless 
such  supplementary  channels  as  the  ductus  venosus  or  remnants  of  the 
umbilical  veins  are  patent,  or  unless  anastomosing  channels  between  the 
vessels  in  the  diaphragm  and  those  in  the  capsule  are  established,  an 
accumulation  of  fluid  takes  place  in  the  abdomen  (ascites).  Attempts  to 
establish  this  collateral  circulation  by  the  production  of  adhesions 
between  abdominal  wall,  the  capsule  of  the  liver  and  the  omentum  have 
been  made  by  surgeons. 

The  veins  at  the  cardiac  end  of  the  stomach  become  dilated  and  vari- 
cose, and  rupture  of  these  is  one  of  the  common  causes  of  haemorrhage 
from  the  stomach  in  this  condition.  Haemorrhage  from  the  rectum  is 
more  frequent,  and  is  due  to  the  rupture  of  varicose  hemorrhoidal  veins. 

Associated  with  the  cirrhosis,  there  is  very  frequently  catarrh  of  the 
stomach  and  the  intestine.  The  spleen  is  generally  enlarged,  and  its 
capsule  thickened. 

BILIARY  CIRRHOSIS.— This  condition  usually  results  from  obstruc- 
tion to  the  outflow  of  bile.  The  retained  substances,  acting  as  an  irritant, 
bring  about  proliferative  overgrowth  of  fibrous  tissue,  especially  round  the 
obstructed  passages.  The  causes  of  the  obstruction  may  be  calculi, 
stricture,  pressure  from  without  by  glands  or  tumours,  etc.  A  prolonged 
catarrhal  condition,  as  a  result  of  the  passage  along  the  ducts  of  bacteria 
or  other  infective  agents,  may  also  bring  about  obstruction,  and  the  form 
of  hypertrophic  cirrhosis  of  Hanot  is  generally  attributed  to  such  a  cause. 
Persistent  jaundice  generally  occurs.  The  affected  liver  is  usually  en- 
larged— sometimes  considerably  so — the  enlargement  being  uniform.  The 
surface  is  either  smooth  or  only  slightly  granular.  On  section,  the  liver 
is  deeply  bile-stained,  the  consistence  is  firm,  and  an  overgrowth  of  fibrous 
tissue  is  present.  On  microscopical  examination,  the  fibrous  tissue  is 
seen  to  enclose  small  areas  of  liver-tissue — mostly  single  lobules  (mono- 
lobular) — and  to  send  delicate  strands  into  the  lobules.  The  bile-ducts 
are  generally  dilated,  and  the  bile-capillaries  appear  to  shew  evidence  of 
multiplication,  though,  as  has  been  already  stated,  Lindsay  Milne  suggests 
that  this  appearance  is  to  be  interpreted  as  due  rather  to  swelling  of  the 
flattened  endothelial-like  cells  lining  the  minute  biliary  channels  running 
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Fig.  366. — Liver.     Monolobular  Cirrhosis,  shewing  the  isolation  of  small  areas 
of  liver-cells  by  the  newly-formed  fibrous  tissue.     X  60. 


Fig.  367. — Liver.     Biliary  Cirrhosis,  shewing  the  apparent  increase  in 
the  bile-ducts  in  the  newly-formed  fibrous  tissue.     X  60. 
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between  the  columns  of  liver-cells,  a  process  which  occurs  as  the  interven- 
ing liver-cells  at  the  periphery  of  the  lobule  are  destroyed.  These  biliary 
channels  are  thus  rendered  more  prominent,  and  their  cells  become  more 
or  less  cubical  in  shape — a  change  analogous  to  that  occurring  in  the 
endothelial  lining  of  the  pulmonary  alveoli  in  chronic  interstitial  pneum- 
onia. In  this  variety  of  cirrhosis  of  the  liver,  the  fibrous  tissue  is  usually 
less  in  amount  and  more  delicate  than  in  poly  lobular  or  common  cirrhosis. 
In  certain  cases,  especially  where  the  obstruction  is  absolute,  decom- 
position-changes may  take  place  in  the  bile,  and  a  necrosis  of  the  liver- 
cells,  simulating  acute  liver-atrophy,  may  follow. 

MALARIAL  CIRRHOSIS  is  usually  described  as  being  monolobular 
in  type,  with  the  liver  small  and  very  irregular  in  its  appearance,  re- 
sembling the  condition  seen  in  alcoholic  cirrhosis.  By  some  authors,  this 
form  of  cirrhosis,  which  undoubtedly  occurs  in  certain  cases  of  malaria,  is 
regarded  as  quite  independent  of,  and  not  caused  by,  the  continued 
malarial  attacks.  It  is  practically  impossible,  in  any  given  case,  to 
exclude  all  the  other  possible  and  well-recognised  causes  of  cirrhosis,  and, 
therefore,  the  actual  proof  of  the  existence  of  a  definite  "  malarial 
cirrhosis  "  cannot,  as  yet,  be  regarded  as  definitely  established. 

CIRRHOSIS  DUE  TO  KALA-AZAR  was  described,  in  1908,  by 
Leonard  Rogers,  who  found  varying  degrees  of  the  condition  in  about 
one  quarter  of  all  cases  of  this  disease.  In  a  series  of  adult  cases  of 
chronic  kala-azar,  investigated  by  Nattau-Larrier  in  India,  it  was  found 
that  the  hepatic  fibrosis  might  be  either  insular  or  diffuse,  the  latter 
form  being  a  fine  peri-capillary  fibrosis,  closely  resembling  the  inter-  or 
mono-cellular  cirrhosis  of  congenital  syphilis  (see  below).  The  parasites 
may  be  demonstrated  in  the  fibrous  tissue  of  the  lesions. 

CIRRHOSIS  DUE  TO  FLUKE-WORMS.— Secondary  fibrosis  may 
spread  into  the  liver-tissue  from  the  infected  bile-ducts,  in  cases  of 
helminthiasis  due  to  Fasciola  hepatica  (Distoma  hepaticum),  as  reported 
by  Fischer  in  China ;  and  cirrhotic  changes  have  also  been  described  in 
infections  of  the  portal  veins  with  Schistosoma  japonicum. 

CIRRHOSIS  FOLLOWING  PERIHEPATITIS  may  affect  the  super- 
ficial parts  of  the  liver-tissue.  The  capsule  may  be  much  thickened, 
and  the  fibrous  bands,  passing  from  it  into  the  substance  of  the  liver,  may 
produce  atrophy  of  the  cells. 

SYPHILITIC  DISEASE  OF  THE  LIVER  :— 

The  changes  in  the  liver  in  syphilis  are  usually  very  marked,  and 
vary  somewhat,  according  to  whether  the  disease  be  congenital  or  acquired. 

Congenital  Syphilis,  may,  in  infants,  manifest  itself  specially  in  the 
liver,  which  is  usually  enlarged,  and  smooth  on  the  surface.  On  naked -eye 
examination  of  sections,  gummata,  usually  of  small  size,  may  be  seen,  and 
there  are  often  present,  in  addition,  rounded  translucent  areas  which  are 
connected  with  the  hepatic  artery.    On  microscopical  examination,  diffuse 
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interstitial  hepatitis  is  seen,  the  newly-formed  connective  tissue  being 
highly  cellular,  and  appearing  to  develop  first  between  the  liver-cells 
and  the  endothelium  of  the  capillaries.  The  lobular  outlines  become 
indistinct,  and  the  radiate  arrangement  lost — the  cells  being  separated 
into  small,  isolated  clumps  by  the  diffuse  spread  of  the  fibrous  tissue, 
— producing  the  so-called  monocellular  cirrhosis  of  Charcot.  Gummata, 
having  a  structureless,  caseous  centre,  or  represented  merely  by  cellular 
foci,  may  be  present,  and  the  translucent  areas,  referred  to  above,  are 
seen  to  be  nodules  of  granulation-tissue  associated  with  end-arteritis  or 
peri-arteritis  of  the  hepatic  arteries.    In  children  which  survive  for  a  few 


Fig.  368. — Liver.    From  a  case  of  Congenital  Syphilis,  shewing  diffuse  over- 
growth of  connective  tissue  (inter-cellular  cirrhosis),     x  300. 


months  or  longer,  fibrous  cicatrices — producing  "  lobed "  rounded 
masses — waxy  degeneration,  and  perihepatitis,  may  also  be  found.  In 
and  around  the  miliary  gummata,  in  the  young  granulation-tissue  round 
the  vessels,  in  the  walls  of  the  vessels,  and  in  and  around  the  liver-cells, 
the  characteristic  spirochaetes  of  syphilis  (Spirochceta  pallida)  are  seen, 
sometimes  in  enormous  numbers. 

Acquired  Syphilis. — In  this  condition,  the  changes  are  usually  more 
localised  than  in  the  congenital  form,  and  are  especially  marked  towards 
the  superficial  parts.  The  usual  evidence  of  this  form  of  syphilis 
is  the  presence  of  cicatrices,  especially  near  the  suspensory  ligament.  In 
some  cases,  the  cicatrices  are  very  numerous.  At  the  bottom  of 
these  cicatrices,  gummata,  varying  in  size,  and  fibrous  bands  spreading 
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into  the  neighbouring  liver-tissue,  are  often  seen,  though,  in  old- 
standing  cases,  they  may  become  entirely  absorbed  and  replaced  by 
fibrous  tissue.  The  gummata  almost  always  shew  a  caseous  centre, 
surrounded  by  a  zone  of  fibrous  tissue.  Perihepatitis  is  sometimes  present 
in  an  extensive  degree,  frequently  giving  rise  to  firm  fibrous  adhesions 
between  the  liver  and  the  diaphragm,  etc. ;  and  the  capsule  may  shew 
irregular  thickening.  Waxy  disease,  regular  or  very  irregular  in  its 
distribution,  is  common  (see  fig.  14). 

TUBERCULOSIS  OF  THE  LIVER  :— 

Tuberculosis  of  the  liver  manifests  itself  in  the  form  of  minute  greyish 
granulations,  often  just  visible  to  the  naked  eye,  and  which  are  seen  both  in 
section  and  in  the  superficial  parts  under  the  capsule.  The  latter  variety 
may  be  part  of  a  general  miliary  tuberculosis,  or  of  a  localised  tuberculosis 
of  the  peritoneum.  These  small  tuberculous  nodules,  sometimes  bile- 
stained,  are  frequently  seen  in  the  portal  tracts,  near,  and  often  involving, 


Fig.  369. — Chronic  Tuberculous  Nodules  in  the  Liver. 

the  bile-ducts.  On  microscopical  examination,  these  nodules  present  the 
usual  characters  of  caseation,  etc.  Sometimes  the  granulations  are 
larger — from  a  sixth  to  a  quarter  of  an  inch  in  diameter — and  irregular  in 
outline.  The  central  part  may  soften  and  produce  an  irregular  cavity, 
the  walls  of  which  are  often  bile-stained.  These  cavities  are  the  so-called 
bile-cysts.  In  rare  cases,  tuberculosis  in  the  liver  spreads  along  the  walls 
of  the  larger  bile-ducts,  producing  obstruction  and  jaundice.  Chronic 
tuberculous  nodules  of  larger  size,  e.g.  even  as  large  as  a  hazel  nut,  though 
very  uncommon  in  man,  are  sometimes  found  (see  fig.  369). 

ECLAMPSIA. — In  this  condition,  the  liver  shews  characteristic  haemo- 
rrhages around  the  portal  vessels  and  beneath  the  capsule.  These  are  at 
first  small,  but  tend  to  coalesce  into  larger  areas.  Fibrin  forms  round  the 
red  blood-corpuscles  and  is  specially  abundant  close  to  the  portal  vessels. 
Following  the  haemorrhage,  the  injured  liver-cells  undergo  necrosis — which 
may  be  focal  or  central .    The  focal  areas  are  usually  small,  and  either 
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mid-zonal  in  position  or  adjoining  the  hepatic  or  portal  vessels ;  the  central 
necrosis  may  affect  the  larger  part  of  every  lobule.  The  necrosis  may 
occur  without  the  haemorrhages  and  no  definite  relation  between  the 
the  two  has  been  established. 

ACTINOMYCOSIS  :— 

Metastatic  abscesses  from  actinomycotic  foci  in  almost  any  part  of 
the  body  are  liable  to  occur  in  the  liver.  The  parasite  seems  to  be  carried 
by  the  blood-stream,  possibly  in  the  leucocytes.  These  abscesses  may  be 
in  the  form  of  multiple  granulomatous  nodules,  but,  more  frequently,  they 
form  definite  abscesses  which  burrow  irregularly  in  the  liver — the  section 
of  the  organ  presenting  a  sponge-like  structure.  The  causal  organism, 
Streptothrix  actinomyces,  may  be  isolated  from  the  pus  or  from  the  necrotic 
walls  of  the  abscess.  The  microscopical  characters  of  such  nodules  and 
abscesses  are  described  on  p.  240. 

LEPROSY :— 

B.  leprce  are  usually  found  in  enormous  numbers  in  the  endothelial 
cells  of  the  liver  in  cases  of  leprosy,  and,  in  some  cases,  definite  granu- 
lation-tissue nodules  are  present  (see  p.  234). 


Fig.  370. — Sarcoma.     Secondary  Nodules  in  Liver. 

TUMOURS  :— 

Angiomas  occur,  generally  on  the  surface  of  the  organ,  as  dark  red  or 
purplish,  slightly  elevated  areas,  which  are  either  encapsuled,  or  merge 
gradually  into  the  surrounding  liver-tissue.  They  vary  in  size,  but  are 
usually  small  and  solitary.  Occasionally  they  are  multiple,  and  may 
be  found  even  in  large  numbers,  not  only  on  the  surface,  but  some- 
times in  the  substance  of  the  liver.  On  microscopical  examination,  the 
tumours  are  found  to  be  of  the  cavernous  type  (see  p.  320). 

Adenomas  are  solitary  or  multiple,  and  appear  as  nodular  masses, 
with  a  varying  degree  of  encapsulation.  They  are  frequently  associated 
with  cirrhosis  of  the  liver,  though  they  may  occur  quite  independently 
of  that  condition.  The  cells  forming  the  glandular  structure  of  the 
tumour  resemble  those  of  the  hepatic  tissue  proper,  except  that  they  are 
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Fig.  371. — Liver.    Medullary  Leukaemia,  shewing  infiltration  with 
myelocytes,  etc.      x  400. 
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Fig.  372. — Liver.    Lymphatic  Leukaemia,  shewing  infiltration  with 
lymphocytes,      x  400. 
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usually  larger.  Some  authors  hold  that  these  so-called  adenomas  are  not 
true  glandular  tumours,  but  merely  portions  of  liver-tissue  which  have 
been  isolated  or  newly  formed  in  the  cirrhotic  process.  There  seems  little 
doubt  that  some  of  the  primary  malignant  growths  of  the  liver  have  their 
starting-point  in  such  adenomas  {see  below). 

Primary  sarcomas  have  been  described,  but  are  very  rare;  secondary 
sarcomas,  especially  of  the  small  round-celled  and  the  melanotic  types, 
are  not  infrequent. 

Lymphomatous  masses,  resembling  sarcomas,  are  seen  in  the  interstitial 


Fig.  373. — Primary  Malignant  Adenoma  of  Liver,  or  Liver-celled  Cancer. 


connective  tissue  of  the  liver  in  some  cases  of  leukaemia,  and  somewhat 
similar  nodules  may  be  found  in  cases  of  lymphadenoma. 

A  few  cases  are  on  record  of  adrenal  tissue  being  present  in  the  liver, 
and  tumours  may  arise  from  this. 

Primary  Cancer  develops  occasionally  in  the  liver,  sometimes  originating 
in  connection  with  the  bile-ducts ;  though,  more  usually,  it  arises  directly 
from  the  hepatic  cells  themselves  (liver-celled  cancers).  Of  the  latter 
variety,  most  of  the  cases  occur  in  connection  with  cirrhotic  conditions  of 
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the  liver  and  some  at  least,  as  noted  above,  have  their  origin  in  the 
so-called  simple  adenomas. 

In  tumours  of  the  bile-duct  variety,  the  new  growth  usually  forms 
one  or  more  nodular  masses  which  are  adenomatous  in  type,  the  glandular 
spaces  being  lined  by  cylindrical,  or  more  irregularly  shaped,  epithelium. 
These  tumours  generally  remain  localised,  but  occasionally  give  rise  to 
secondary  growths.  Sometimes,  the  growths  are  very  rapidly  produced, 
and  extremely  vascular.    In  the  liver-celled  type,  the  cells  are  arranged 


Fig  374. — Primary  Liver -celled  Cancer.  Shewing  irregular  columns  of  large  cells, 
resembling  those  of  the  liver,  but  with  aberrations  in  size,  appearance  of  the 
nucleus,  etc.     X  100. 


in  masses  or  in  thick  iiregular  columns,  and  often  shew  great 
irregularity  in  size  and  shape,  though  still  maintaining  a  general  resem- 
blance to  the  liver-cells  from  which  they  originate ;  the  surviving  liver- 
tissue,  and,  in  some  cases,  the  tumour  nodules,  may  be  deeply  bile-stained. 
Secondary  Cancers,  spreading  from  the  gall-bladder,  may  invade  the 
liver ;  but  most  of  the  secondary  growths  attacking  the  liver  extend  to 
the  organ  by  way  of  the  portal  circulation  or  by  lymphatics,  from  tumours 
in  the  stomach,  intestine,  etc.  The  secondary  nodules  may  be  very 
numerous.  They  are  usually  irregular  in  shape,  pale  in  colour,  and,  if 
near  the  surface  of  the  organ,  shew  themselves  as  nodular  elevations, 
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with,  very  frequently,  a  depressed  centre  (umbilication).  On  section, 
the  centres  of  many  of  the  nodules  shew  a  yellowish  area  of  necrosis. 
Haemorrhage  into  the  tumour-tissue  is  of  frequent  occurrence. 

In  microscopical  characters,  the  secondary  growths  reproduce  the 
characters  of  the  primary  tumours  from  which  they  originate — adenomas 
of  the  stomach  or  intestine  giving  rise  to  adenomas  in  the  liver,  a  squamous 
epithelioma  of  the  oesophagus  forming  a  similar  epithelioma  in  the  liver, 
and  so  on.  Deciduoma  malignum  or  chorion-epithelioma  may  give  rise 
to  secondary  growths  in  the  liver.  It  is  not  uncommon  to  find  cancerous 
infiltration  in  those  portal  vessels  by  which  the  infective  material  has 
been  conveyed. 

As  a  result  of  pressure  upon  the  hepatic  cells,  upon  the  bile-ducts,  or 


Fig.  375. — Encephaloid  Cancer.     Secondary  Nodules  in  Liver.     The  large  nodule 
shews  central  necrosis. 

upon  the  portal  vessels,  atrophy,  jaundice,  and  ascites  may  occur  in 
cases  of  extensive  tumour-growth  in  the  liver;  though,  in  some  cases, 
there  may  be  very  extensive  destruction  of  liver-tissue  without  jaundice 
or  ascites  being  present. 

CYSTS  IN  THE  LIVER  :— 

It  is  not  common  to  find  true  cysts  in  the  liver,  though  cystic  disease 
of  this  viscus  is  sometimes  seen  in  association  with  cystic  disease  of  the 
kidney.  Such  cysts  are  usually  very  minute,  but  may  reach  from  an 
eighth  to  a  quarter  of  an  inch  in  diameter.  They  always  result  from  the 
dilatation  of  small  bile-ducts.  Large  cystic  spaces,  due  also  to  dilatation 
of  the  bile-passages,  are  sometimes  seen  throughout  the  liver.  Con- 
genital abnormality  at  the  outlet,  or  obstruction  due  to  some  chronic 
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inflammatory  condition,  with  or  without  the  presence  of  calculi,  is  the 
usual  causal  factor  in  these  cases. 

Small  pseudocysts  occasionally  result  from  the  softening  and  absorption 
of  necrotic  areas  of  liver-cells.  The  occurrence  of  honeycombing  of  the 
liver  from  the  formation  of  gas  by  putrefactive  organisms  has  already 
been  mentioned  (p.  796),  and  cysts  due  to  parasites,  e.g.  hydatids,  are 
described  on  p.  407. 

PARASITES  OF  THE  LIVER  :— 

Hydatids  of  the  liver  have  been  fully  described  under  Parasites 
(see  p.  407).  Abscess-formation,  due  to  Entamoeba  histolytica,  is  referred 
to  on  p.  802. 

Fasciola  hepatica  (Distoma  hepaticum),  Opisthorcis  sinensis  (Distoma 
sinense),  and  Dicrocoelium  lanceatum  (Distomum  lanceolatum)  occur  in 
the  bile-ducts,  and  Schistosomum  haematobium  (Distoma  haematobium  or 
Bilharzia  hoematobia)  and  S.  japonicum  in  the  portal  vessels.  A  few  cases 
of  coccidicsis  of  the  liver  are  on  record. 


DISEASES   OF  THE   GALL=BLADDER  AND   BILE=DUCTS 

ANATOMY  :— 

The  gall-bladder,  at  its  neck,  forms  an  acute  angle  with  the  cystic 
duct.  This  duct  lies  in  the  gastro-hepatic  omentum,  wThere  it  joins  the 
hepatic  duct  to  form  the  common  bile-duct.  The  terminal  half -inch  of 
the  common  bile-duct  is  embedded  in  the  wall  of  the  duodenum  and  ends 
in  the  ampulla  of  Vater.  This  ampulla  extends  into  a  papilla  which 
generally  projects  into  the  lumen  of  the  duodenum.  At  its  opening  into 
the  latter,  where  the  duct  is  narrowest,  it  is  surrounded  by  a  sphincter 
which  regulates  the  flow  of  bile.  Two  lymphatic  glands  he  in  the  gastro- 
hepatic  omentum  by  the  side  of  the  bile-duct,  and,  if  calcified,  may  be 
mistaken  for  gall-stones.  The  common  bile-duct  in  its  second  stage  lies 
between  the  head  of  the  pancreas  and  the  duodenum.  The  intra-hepatic 
ducts  are  formed  by  the  junction  of  bile-capillaries,  and  these  connect  with 
a  fine  intra- cellular  network  of  channels  which  surround  the  nucleus  of  the 
cell,  but  do  not  enter  it.  The  mucous  membrane  of  the  gall-bladder  has 
a  reticulated  appearance,  is  lined  by  columnar  epithelium,  and  secretes 
mucus.  In  the  ampullary  part  of  the  common  bile-duct,  there  are 
submucous  glands  lying  in  crypts  and  folds,  which  are  liable  to  infection 
and  inflammation. 

JAUNDICE. — This  is  not  a  disease,  but  merely  a  symptom,  and  the 
pathological  lesions  associated  with  it  are  of  some  importance.  The 
general  or  localised  pigmentation  which  results  from  it  is  dealt  wTith 
on  p.  79. 

In  obstruction  of  the  bile-duct,  distension,  extending  even  into  the  fine 
52 
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intra-ccllular  channels,  is  present  in  varying  degree.  The  bile  is  absorbed 
by  the  lymphatics,  and  makes  its  way  into  the  hepatic  blood.  The 
obstruction  may  be  caused  by  foreign  bodies  or  growths  in  the  passages — 
e.g.  gall-stones,  tumours,  etc. — new  growths  pressing  on  the  ducts  from 
outside,  stricture  or  obliteration  of  the  duct,  or  obstruction  at  the  opening 
into  the  duodenum  by  catarrhal  conditions. 

Catarrhal  Jaundice.— In  this  condition,  there  is  usually  gastro-duodenal 
catarrh  and  an  extension  of  this  up  into  that  part  of  the  common  bile-duct 
which  is  embedded  in  the  intestinal  wall.  The  mucous  membrane  is 
swollen,  there  is  frequently  a  plug  of  inspissated  mucus  filling  the  ampulla 
of  Vater,  and  the  narrow  part  of  the  duct  at  its  opening  into  the  duodenum. 
The  papilla  may  be  oedematous  and  congested.  This  condition  of  catarrh 
of  the  duodenum  and  lower  end  of  the  bile-duct  is  attributed  to  errors  in 
diet,  to  cold,  etc.  It  is,  however,  so  frequently  associated  with  infective 
fevers,  such  as  pneumonia,  typhoid  fever,  paratyphoid,  etc.,  that  there 
seems  reason  to  believe  that  many  of  the  cases  of  jaundice  which  were 
supposed  to  be  due  to  errors  of  diet,  etc.,  are  really  infective  in  origin. 
As  we  have  already  stated,  there  are  crypts  and  folds  in  the  ampullary 
part  of  the  common  bile-duct,  and,  in  these  crypts,  bacteria  are  likely  to 
collect.  Examination  of  the  bile-passages  in  "Carriers"  of  typhoid, 
paratyphoid,  etc.,  prove  the  occurrence  of  the  bacteria  in  the  ducts  and 
in  the  gall-bladder.  The  frequency  with  which  jaundice  occurs  in  typhoid 
and  paratyphoid  fever  has  led  some  authors  to  describe  this  form  under 
the  name  of  Enteric  Jaundice.  Duodenal  catarrh  is  present  in  these  cases, 
and  there  seems  no  reason  to  regard  this  condition  as  other  than  a  variety 
of  catarrhal  jaundice  of  bacterial  origin.  The  duodenitis  may  be  very 
marked,  and  the  catarrhal  condition  in  the  bile-passages  may  extend  to 
the  gall-bladder.  The  condition  may  occur  in  epidemic  form,  and  the 
clinical  features  so  closely  resemble  those  seen  in  the  form  of  jaundice 
called  Spirochetosis  ictero-haemorrhagica  (Infective  Jaundice),  that  many 
of  the  cases  which  have  been  attributed  to  "  enteric  "  infection  may  have 
been  of  this  nature.  At  the  same  time,  there  can  be  no  doubt  that  jaundice 
of  a  severe  type  may  arise  as  a  result  of  infection  with  B.  typhosus, 
B.  paratijphosus  A.  or  B.  and,  though  less  frequently,  B.  dysenterice ; 
and  their  morbid  anatomy  is  so  similar  that,  in  the  absence  of  bacterial, 
serological,  or  protozoological  evidence,  it  is  practically  impossible  to 
differentiate  between  any  of  these  conditions.  In  true  enteric  cases,  the 
evidence  seems  to  point  to  duodenal  catarrh,  with  spread  of  the  catarrh 
into  the  bile-passages,  as  being  a  very  common  occurrence.  This  catarrh 
may  be  severe  and  hemorrhagic  and,  in  some  cases,  is  associated  with  a 
hemorrhagic  gastritis. 

Infective  Jaundice. — An  infective  jaundice  of  children  has  been 
described,  and  attributed  to  a  destruction  of  liver-cells  and  a  setting  free  of 
pigment  from  them.  A  considerable  number  of  cases  of  infective  jaundice 
have,  during  the  late  war,  been  described  as  occurring  among  soldiers. 
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Bertrand  Dawson  and  W.  E.  Hume  *  state  that,  in  the  latter  cases,  the 
mucous  membrane  of  the  duodenum  is  very  congested  and  cedematous. 
They  attribute  the  obstruction  to  the  swelling  of  the  papilla.  The  bile  is 
very  thick  and  viscous.  The  spleen  and  pancreas  shew  no  pathological 
changes  of  importance.  In  the  kidneys,  haemorrhage  occurs  into  the 
tubules ;  and  the  presence  of  sub-pleural  haemorrhages,  and  haemorrhages 
extending  into  the  lungs  for  about  one  inch,  are  very  characteristic 
changes.  The  liver  is  bile-stained,  but  shews  no  other  pathological 
changes.  In  cases  described  by  Stokes,  Ryle  and  Tytler,2  however,  the 
liver,  though  not  enlarged,  or  altered  in  its  consistence  or  colour,  shewed, 
on  microscopical  examination,  irregular  areas  in  which  there  was  degenera- 
tion of  the  liver-cells,  collections  of  polymorphonuclear  leucocytes,  and  an 
accumulation  of  bile-pigment.  In  all  their  cases,  there  were  multiple 
petechial  haemorrhages  in  the  peritoneum,  pleura,  pericardium,  and  in  the 
heart-muscle,  especially  in  the  sub-endocardial  region.  The  kidneys  were 
large,  swollen  and  congested,  and  shewed  multiple  haemorrhages  into  the 
tubules.  In  some  of  their  cases,  the  intestine  and  the  bile-passages 
appeared  to  be  normal,  but,  in  others,  there  were  patches  of  congestion 
in  the  mucosa,  especially  of  the  duodenum.  These  writers,  however, 
do  not  describe  the  extreme  congestion  noted  in  Bertrand  Dawson's 
cases. 

C.  J.  Martin  3  states  that  in  the  form  of  infectious  jaundice  seen  in 
Gallipoli,  there  was  a  systemic  infection  presenting  close  analogies  to 
the  severe  form  described  by  many  observers  as  Spirochetosis  ictero- 
hcemorrhagica,  but  that  there  was  no  evidence  that  the  condition  was  due 
to  a  catarrhal  condition  of  the  bile-ducts,  or  an  extension  of  an  inflamma- 
tory condition  from  the  duodenum,  as  is  usually  the  case  in  the  jaundice 
due  to  paratyphoid  infections. 

The  reports  of  various  observers,  on  cases  of  infective  jaundice, 
point  conclusively  to  a  definite  infection  in  many  cases  with  a 
spirochete  which  seems  to  be  identical  with  the  Spirochceta  (or 
Leptospira)  ictero-hcemorrhagice  (see  p.  366)  isolated  by  Inada,  Ido  and 
others  4  from  an  epidemic  and  endemic  disease  characterised  by  fever, 
jaundice,  haemorrhage,  etc.,  and  known  as  Weil's  disease,  febrile 
jaundice,  etc.,  to  wThich  they  have  given  the  name  Spirochetosis 
ictero-hsemorrhagica.  The  spirochaete  is  present  in  the  blood  in  the  early 
stages  of  the  disease,  but  in  small  numbers,  and  is  entirely  absent  in  the 
later  stages.  It  has  been  found  in  the  liver,  spleen,  lymphatic  glands, 
intestinal  wall,  adrenals,  the  bone-marrow,  and  kidneys,  at  autopsy ;  but 
careful  search  often  fails  to  reveal  the  organisms.  They  may  be  very 
numerous  in  the  kidney  and  may  be  found  during  life  in  the  urine. 

1  Dawson  and  Hume,  Quarterly  Journal  of  Medicine,  vol.  x.,  1916-1917,  p.  90. 

2  Stokes,  Ryle  and  Tytler,  Lancet,  January  27,  1917,  p.  142. 

3  Martin,  Brit.  Med.  Jour.,  1917,  p.  455. 

4  Inada,  Ido,  Hoki,  Kaneko,  Ito,  Jour.  Exper.  Med.,  vol.  xxiii.,  No.  3,  1910, 
p.  377.     Gulland  and  Buchanan,  Brit.  Med.  Jour.,  Feb.  23,  1924,  p.  313. 
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If,  during  the  first  seven  daws  of  the  illness,  the  blood  from  a  typical 
case  is  injected  into  a  guinea-pie,  the  animal  develops  albuminuria, 
conjunctival  congestion,  jaundice  and  haemorrhages ;  and  the  spirochetes 
are  found  in  the  blood,  and  may  occur  in  large  numbers  in  the  liver.  The 
pathological  conditions  found  in  the  infected  guinea-pig  are  comparable 
with  those  found  in  the  human  subject,  but  the  haemorrhage  is  more 
severe  and  more  wide-spread  in  the  lungs  of  the  guinea-pig  than  in  man, 
and  the  spirochetes  are  always  found  in  the  guinea-pig  when  the  inocula- 
tion gives  a  typical  result.  The  spirochetes  in  the  blood  are  always  extra- 
cellular, and  in  the  organs  they  are  rarely  found  in  epithelial  or  phagocytic 
cells,  but  are  present  in  the  interstitial  tissues. 

In  the  type  of  the  disease  seen  in  France,  the  tendency  to  haemo- 
rrhage is  somewhat  less  marked  than  in  that  found  in  Japan.  Pagniez, 
who  prefers,  therefore,  to  call  the  condition,  as  it  occurs  in  France, 
Spirochaetosis  icterigenes,  attributes  the  haemorrhages  to  certain  changes 
which  he  found  in  the  blood,  such  as  prolongation  of  the  coagulation- 
time,  diminution  in  the  number  of  platelets,  and  irretractibility  of  the 
clot.  There  is  usually  a  more  or  less  marked  leucocytosis,  which  serves 
to  differentiate  the  condition  from  Acute  Liver- Atrophy. 

Jaundice  due  to  Destructive  Changes  in  the  Liver-Cells. — Destructive 
changes  in  the  liver-cells  occur  in  all  types  of  general  jaundice.  The 
degree  of  destruction  may  vary  from  cloudy  swelling  to  actual  necrosis, 
and,  id  some  cases,  it  is  difficult  to  determine  whether  the  destruction  is 
the  cause  or  the  result  of  the  jaundice.  There  is,  however,  a  form  of 
jaundice  in  which  the  changes  in  the  liver  are  a  prominent  feature, 
e.  g.  that  occurring  in  acute  liver-atrophy,  where  actual  necrosis  of 
the  liver-cells  takes  place  to  a  marked  degree :  in  chloroform-  and 
phosphorus-poisoning,  where  extreme  fatty  changes  are  found:  in  poisoning 
by  tetra-chlor-ethane,  one  of  the  constituents  of  "  dope  "  or  cellulose 
varnish  used  for  the  wings  of  aeroplanes,  which  brings  about  fatty  degener- 
ation, followed  by  necrosis,  of  the  liver-cells  :  and  in  poisoning  by  tri-nitro- 
toluene  (T.N.T.)  and  its  compounds,  which  produces  extreme  degenera- 
tion and  necrosis  in  the  liver-ceils  (p.  798).  No  doubt,  in  some  of  these 
cases,  there  is  an  additional  causal  factor — the  destruction  of  the  red  cells, 
and,  in  some  of  the  cases  in  which  jaundice  is  a  noted  characteristic,  this 
haemolysis  plays  a  very  important  part,  e.g.  in  poisoning  by  arseniuretted 
hydrogen,  snake-venom,  etc. 

CHOLANGITIS  AND  CHOLECYSTITIS.  Inflammation  of  the  bile- 
ducts  and  inflammation  of  the  gall-bladder  may  arise  independently  of 
one  another,  or  one  may  be  secondary  to  the  other.  Moderate  degrees 
of  cholangitis  are  common — the  inflammation  in  such  cases  being  generally 
confined  to  a  short  portion  of  the  bile-duct  extending  upwards  for  about  a 
half  to  one  inch  from  its  opening  into  the  duodenum.  The  condition  is 
usually  one  of  catarrh,  and  the  swelling  of  the  lining  membrane  of  the  duct 
causes   partial    or   complete   obstruction   to   the   outflow  of   bile,  with 
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consequent  jaundice.  The  condition  may  spread  more  widely,  and  may 
extend  to  the  gall-bladder. 

The  catarrhal  form  of  cholangitis  is  generally  the  result  of  the  direct 
spread  of  the  inflammatory  process  from  the  duodenum;  but  it  may 
occur  as  a  result  of  the  irritation  of  gall-stones ;  and  is  sometimes  found  in. 
the  smaller  ducts  during  some  of  the  specific  fevers,  e.g.  typhoid,  pneu- 
monia, etc.  In  certain  cases,  suppuration  takes  place,  the  purulent 
material  extending  widely  and  involving  the  gall-bladder,  which  may 
become  distended  with  pus — empyema  of  the  gall-bladder.  In  some  of 
these  cases  of  suppurative  cholangitis,  there  has  been  a  pre-existing 
obstruction,  with  dilatation  of  the  passages,  and  accumulation  of  biliary 
products — these  products  becoming  infected  by  bacteria  derived  directly 
from  the  intestine  or  reaching  the  passages  by  way  of  the  blood.  B.  coli 
and  B.  typhosus  are  among  the  commonest  organisms  found  in  such 
cases. 

During  an  attack  of  typhoid  or  paratyphoid  fever,  the  gall-bladder 
frequently  becomes  infected  by  B.  typhosus  or  B.  paratyphosus— the 
cholecystitis  set  up  being  either  catarrhal  or  suppurative.  According  to 
Scheller,1  the  bacilli  are  found  in  the  form  of  capillary  emboli  in  the  mucous 
membrane.  The  bacilli  retain  their  vitality  and  virulence  in  the  gall- 
bladder for  a  very  considerable  time  after  recovery  from  the  acute  attack, 
and  it  is  probable  that  some  of  the  recurrent  cases  of  typhoid  and  para- 
typhoid fever  are  thus  to  be  explained.  More  important,  however,  is 
the  fact  which  has  been  emphasised  by,  among  others,  Dean,  Ledingham, 
and  Walker  Hall,  that  the  faeces  of  such  patients  contain  the  bacilli,  often 
only  intermittently,  and  that,  for  years  after  an  attack,  these  "  carriers  " 
are  potential  propagators  of  the  disease.  The  source  of  some  serious  out- 
breaks  of  typhoid  fever,  especially  in  asylums,  workhouses,  and  similar 
institutions,  has  been  traced  to  these  carriers. 

GALL-STONES  (BILIARY  CALCULI).— These  are  of  frequent  occur- 
rence, especially  in  people  past  middle  life,  and  in  those  of  sedentary  habits, 
but  they  occur  at  any  age.  They  are  commoner  in  the  female,  and 
are  formed  in  the  gall-bladder,  either  by  a  process  of  crystallisation,  or 
merely  by  a  deposition  of  some  substances  contained  in  the  bile,  or  produced 
by  its  decomposition.  They  are  composed  of  cholesterin,  bile-pigments, 
altered  mucus,  and  salts  of  lime  and  magnesia,  in  varying  proportions — 
some  being  almost  pure  cholesterol,  the  majority,  however,  being  composed 
of  a  mixture  of  this  substance  with  bile-pigments.  The  cause  of  their 
formation  is  obscure,  some  authors  attributing  it  to  the  action  of  bacteria ; 
and  it  is  not  unlikely  that  some  of  the  cases  are  associated  with  previous 
bacterial  infection,  e.g.  old  cases  of  typhoid  fever,  etc.  Stagnation  of 
the  bile  is,  no  doubt,  an  important  predisposing  cause,  and  catarrh  of  the 
gall-bladder  may  also  play  an  important  part  by  supplying,  as  it  were, 

1  R.  Scheller,  Centrabl.  f.  Bakt.,  etc.,  Beilage  zu  Abt  i.,  Bd.  xlii.  Referate. 
October  27,  1908,  p.  50. 
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a  "  nucleus  "  of  mucus  and  shed  epithelium,  round,  and  in,  which  the  bile- 
pigment,  etc.,  may  collect.    The  calculi  occur  singly  or  in  numbers. 
Of  Solitary  Gall-stones  there  are  two  principal  varieties  : — 

(a)  Ovoid,  somewhat  translucent  masses,  smooth  or  slightly  irregular 
on  the  surface,  and  measuring  from  a  half-  to  three-quarters  of  an  inch 
in  diameter.  These  are  easily  cut  or  broken,  and,  on  section,  do  not  shew 
lamination.     They  are  composed  almost  entirely  of  cholesterol. 

(b)  Acorn  -like  masses,  from  one  inch  to  one-and-three-quarter 
inches,  or  even  more,  in  length,  and  having  a  smooth  surface  which 
is  covered  with  mucus.  These  are  often  dark  in  colour,  and,  on  section, 
shew  distinct  concentric  lamination.  They  are  composed  of  cholesterin, 
bile-pigments,  etc. 

Multiple  Gall-stones  are  much  more  common.    There  mav  be  two  or 
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Fig.  376. — Large  Gall-stones.  From  case  of  an  elderly  female,  in  which  they  ulcerated 
through  into  the  transverse  colon,  and  were  passed  per  rectum — the  patient  recovering. 
(W.  E.  C.  D.'s  case,  see  Lancet,  July  28,  1900,  p.  221.) 

three  of  these,  or  the  numbers  may  reach  hundreds.  If  few,  they  are,  as 
a  rule,  comparatively  large;  if  numerous,  they  are  small.  They  are 
usually  faceted,  and  the  gall-bladder  may  be  completely  filled  with  them. 
They  are  brownish-yellow  in  colour,  have  a  smooth  surface,  and,  on  section, 
present  a  central  darkish  nucleus  surrounded  by  more  or  less  regular  layers 
of  different  colours — the  lighter  coloured  layers  being  usually  cholesterin. 
the  others,  combinations  of  bile-pigment  with  lime-salts.  Extremely 
small  calculi,  composed  almost  entirely  of  bile-pigment — biliary  sand  or 
gravel — may  occur  in  enormous  numbers.  Small,  soft  masses — putty-like 
in  consistence,  and  usually  dark  in  colour — are  of  frequent  occurrence  in 
the  gall-bladder.  They  probably  represent  an  early  stage  in  the  process 
of  calculus-formation. 

The  Gall-bladder  is  sometimes  contracted  upon  the  calculi,  or  a  certain 
amount  of  bile  or  of  a  viscid  mucous  secretion  accumulates  around  and 
between  them.     The  wall  of  the  gall-bladder  is,  in  some  cases,  much 
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thickened,  and  often  shews  evidence  of  chronic  inflammatory  changes ;  and 
suppuration  supervenes  if  infective  organisms  gain  access.  One  or  more  of 
the  gall-stones  may  pass  into  the  cystic  duct  or  into  the  common  bile-duct, 
and  give  rise  to  obstruction,  dilatation  of  the  ducts,  and  obstructive 
jaundice.  The  calculus,  if  it  reaches  the  common  bile-duct,  may  pass  into 
the  duodenum,  probably,  in  the  majority  of  cases — unless  of  comparatively 
small  size,  when  it  occasionally  makes  its  way  entirely  by  the  lumen  of  the 
duct — completing  its  passage  through  an  opening  which  is  the  result  of 
ulceration.  Having  passed  into  the  intestine,  the  calculus,  if  a  large  one, 
sometimes  produces  obstruction.  In  a  similar  way,  the  gall-stone  may 
ulcerate  into  the  transverse  colon.  In  some  cases,  ulceration  takes 
place  posteriorly  through  the  wall  of  the  duct,  producing  thrombosis 
of  the  portal  vein,  or  even  an  abscess  behind  the  duct,  and 
peritonitis.  Peritonitis  is  also  produced  by  ulceration  of  the 
calculus  through  the  wall  of  the  gall-bladder  into  the  peritoneal 
cavity.  Or  again,  if  the  calculus  become  impacted  in  the  cystic,  or 
in  the  common,  duct,  it  gives  rise  to  considerable  irritation,  and,  in 
some  cases,  such  an  irritated  area  seems  to  be  the  starting-point  of  cancer, 
though,  in  many  cases,  it  is  possible  that  the  twTo  conditions,  i.  e.  cancer 
and  calculus-formation,  may  each  be  due  to  some  unknown  common 
cause. 

OBSTRUCTION  OF  THE  BILE-DUCTS.— This  condition  is  caused 
by  the  presence  in  the  ducts  of  gall-stones,  hydatid  cysts,  liver-flukes, 
etc. :  by  pressure  on  the  ducts  from  outside,  by  tumours,  aneurisms 
of  the  hepatic  artery,  enlarged  glands,  etc. :  or  by  actual  stricture 
of  the  duct  by  inflammatory  changes,  the  presence  of  malignant  disease, 
etc.  Actual  non -development  of  the  ducts,  or  obliteration  by  cholangitis 
in  utero,  are  occasionally  met  with. 

The  opening  of  the  common  bile-duct  into  the  duodenum  being  very 
narrowT,  and  the  pressure  of  the  bile  being  lowT,  very  slight  inflammatory 
changes,  such  as  are  produced  by  a  spread  of  catarrhal  inflammation 
from  the  duodenum,  may  give  rise  to  obstruction.  The  results  of  such 
obstruction  are  usually  jaundice,  considerable  dilatation  of  the  ducts 
throughout  the  liver — the  amount  depending  on  the  position  of  the 
obstruction — and,  in  some  cases,  the  production  of  biliary  cirrhosis. 

TUMOURS. — The  most  important  of  the  tumours  are  cancers,  which 
are  generally  primary,  and  originate  in  the  walls  of  the  ducts  (p.  815). 
They  are  usually  adenomatous  in  type. 

Secondary  cancers  grow  round  the  walls  of  the  ducts,  and  infiltrate 
them. 


CHAPTEK   XXI 

DISEASES  OF  THE  PANCREAS 

In  its  general  structure,  the  pancreas  resembles  a  salivary  gland,  being 
made  up  of  a  number  of  glandular  acini  loosely  held  together  by  fibrous  con- 
nective tissue.  The  ducts  of  these  acini  communicate  with  the  main  pancreatic 
duct  (duct  of  Wirsung),  which  opens — usually  along  with  the  common  bile- 
duct — into  the  duodenum.  Scattered  throughout  the  substance  of  the  organ, 
there  are  rounded  or  irregular  masses  of  cells,  arranged  in  cell-columns  and 
more  or  less  separated  from  the  gland-acini.  The  epithelial  cells  within 
these  islands  (the  islands  of  Langerhans)  lie  in  contact  with  the  endothelial 
cells  of  large  capillary  blood-vessels,  and  it  is  generally  accepted  that  the 
secretion  from  these  islands  passes  directly  into  the  blood.  Milne  and 
Peters  1  question  the  independent  anatomical  existence  of  these  islands. 
They  state  that  they  exist  in  large  numbers  in  the  embryos  of  the  lower 
animals,  and  are  derived  from  the  same  source  as  the  pancreatic  acini :  that 
by  serial  sections  they  can  be  shewn  to  have  intimate  connections  with  the 
pancreatic  tubules,  and  sometimes  with  the  ducts  :  and  that  transitions 
from  acini  to  islands  may  be  observed,  and  sometimes  vice  versa.  They 
regard  Langerhans'  islands  as  merely  resting,  undifferentiated  pancreatic 
tissue  which  is  capable  of  changing,  under  certain  conditions,  into  definite 
pancreatic  acini.  Oertel  2  and  Swale  Vincent3  agree  with  these  conclusions, 
whereas  Bensley,4  Homans,5  Allen,6  Banting  and  others  regard  the  islands 
as  differentiated  tissue  embedded  in  the  pancreas,  and  as  producing  a 
secretion  acting  particularly  in  relation  to  sugar-metabolism.  This  special 
secretion  has  been  called  "insulin." 

In  the  view  of  Oertel,  the  common  belief  that  insulin  is  a  secretion  of  the 
islands  of  Langerhans,  stands  on  a  very  insecure  and  erroneous  basis,  and 
he  suggests  that  the  pancreas  is  merely  a  "storehouse  for  insulin."  Swale 
Vincent  states  that  Dodds  and  Dickens  have  obtained  710  original  Toronto 
rabbit-units  (the  "original  Toronto  rabbit-unit"  is  the  quantity  of  extract 
required  to  lower  the  blood-sugar  of  a  2-kilo  rabbit  to  0-045  per  cent,  within 
2  hours)  of  insulin,  per  kilo  of  gland,  from  the  submaxillary  gland  of  the  OX  : 
and  other  observers  have  obtained  small  quantities  from  other  glands. 
Further,  Swale  Vineent  has  shewn  that,  under  conditions  of  inanition,  the 
islet-tissue  is  markedly  increased  at  the  expense  of  the  zymogenOUS  tissue. 
If  the  animal   is  restored  to  normal,  then  the   pancreas  likewise  rerun 

1  .Milne  and  Peters.  Jour.  Med.  Research,  1912.  vol.  26,  p.  405. 

-  Oertel,  Lancet,  April  5,  1924,  p.  895. 

3  Swale  Vincent,  Lancet,  May  10,  1924,  p.  (.»47. 

1   Bensley,  Amer.  Jour.  Aunt..  1911,  vol.  xii..  p.  2(.»7. 

5  Homans,  Jour.  Med.  Research,  1!H4.  vol.  \\\..  p.  4!». 

6  Allen.  Jour.  Exp.  Med.,  L920,  vol.  xxxi..  p.  593. 
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normal ;  and,  he  adds,  the  presumption  is  that  the  alveoli  are  reconstructed 
from  the  islets.  Recently,  Swale  Vincent,  Dodds  and  Dickens  *  state  that 
in  two  species  of  teleostean  fishes,  which  they  have  examined,  the  islet- 
tissue  yields  six  or  seven  times  the  amount  of  insulin  obtainable  from  the 
same  weight  of  zymogenous  tissue,  and  they  conclude  that  the  source  of 
insulin  in  these  fishes  is  islet-tissue.  They  add  :  "  We  are  justified  in 
assuming,  at  any  rate  provisionally,  that  this  is  true  also  in  mammalian 
pancreas."  On  the  other  hand,  Bensley  and  Homans,  by  using  special  stains, 
claim  to  have  demonstrated  that  the  cells  in  the  islands  of  Langerhans  are  of 
two  kinds,  A  and  B,  which  differ  from  the  cells  of  the  pancreatic  acini,  and 
which,  in  the  resting  stage,  contain  granules  which  can  be  demonstrated  by 
appropriate  stains.  Allen  maintains  that  there  is  a  close  relationship  between 
these  granules  and  sugar-metabolism.  He  has  shewn  that  it  is  possible  to 
produce  definite  changes  in  the  jB-cells  by  overfeeding  with  either  sugar  or 
starch,  if  not  less  than  one-eighth  of  the  pancreas  has  been  removed.  Similar 
changes  are  not  produced  in  the  zymogenous  cells  of  the  pancreas  or  in  the 
A  -cells  of  the  islands. 

Allen  found  that,  when  his  experimental  animals  were  converted  into 
severe  diabetics  by  overfeeding  with  sugar,  the  granules  had  entirely  dis- 
appeared from  the  B-celh,  that  there  was  vacuolation  (hydrops)  of  the  cells, 
and  that,  eventually,  the  cells  tended  to  break  up  and  disappear.  Acting 
on  this  assumption,  Banting  and  Best2  prepared  "insulin"  (which  they  used 
in  the  treatment  of  diabetes),  from  the  sheep's  pancreas  in  from  five  to  seven 
weeks  after  they  had  ligatured  the  duct.  This  extract  always  produced  a 
decrease  in  the  amount  of  sugar  in  the  blood  and  in  the  urine  of  depan- 
creatised  dogs.  We  do  not  feel  competent  to  judge  between  these  conflicting 
views,  and  we  refer  our  readers  to  the  original  papers. 

The  exact  relations  of  the  pancreas  to  certain  symptoms  produced 
when  it  is  diseased  are  imperfectly  known.  Total  extirpation  of  the  organ 
is  followed  by  wasting,  glycosuria,  and  polyuria,  i.  e.  all  the  essential 
symptoms  of  diabetes  mellitus ;  and  these  symptoms  also  arise  in  certain 
cases  of  disease,  especially  if  accompanied  by  fibrosis  of  the  organ. 

Obstruction  of  the  Pancreatic  Ducts. — The  pancreatic  duct  (duct  of 
Wirsung)  usually  ends,  along  with  the  common  bile-duct,  in  the  ampulla 
of  Vater.  An  accessory  duct  (the  duct  of  Santorini)  is  present  in  a  more  or 
less  developed  condition  in  fifty  per  cent,  of  people.  The  latter  duct 
may  open  directly  into  the  duodenum  at  a  point  nearer  to  the  pylorus  than 
the  opening  of  the  ampulla,  and  thus  form  a  second  channel  by  which  the 
pancreatic  secretion  may  enter  the  duodenum.  Tumours  of  the  head  of  the 
pancreas,  gall-stones  in  the  common  bile-duct,  aneurisms  in  neighbouring 
vessels,  and  pancreatic  calculi  in  the  duct  itself,  may  cause  occlusion ;  and 
the  part  of  the  gland  which  is  drained  by  this  occluded  duct  may,  if  the 
obstruction  is  prolonged,  become  hard  and  shrunken.  On  microscopical 
examination,  such  areas  shew  the  pancreatic  cells  largely  destroyed  and 
replaced  by  scar-tissue,  the  acini  having  disappeared  or  having  become 
dilated,  and  lined  by  flattened  epithelial  cells.  Even  in  advanced  cases, 
the  original  glandular  tissue  may  be  represented  only  by  solid  clumps 

1  Swale  Vincent,  Dodds  and  Dickens,  Lancet,  July  19,  1924,  p.  115. 

2  Banting  and  Best,  Jour.  Lab.  and  Clin.  Med.,  St.  Louis,  1922,  vii..  p.  4(>4. 
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of  uninjured  cells  scattered  irregularly  in  the  scar-tissue.     Most  authors 
regard  these  masses  as  the  islands  of  Langerhans. 

Similar  appearances  are  seen  after  experimental  ligature  of  the 
pancreatic  duct  ;  but,  if  the  duct  of  Santorini  is  patent,  the  part  of  the 
pancreas  drained  by  it  may  remain  healthy.  The  islands  of  Langerhans, 
which,  most  authorities  agree,  are  not  connected  with  the  pancreatic 
ducts,  remain  uninjured  and,  in  advanced  cases,  may  be  the  only  intact 
original  glandular  tissue  left. 

Such  chronic  interstitial  pancreatitis,  produced  by  ligature  or  ob- 
struction of  the  duct,  may  not  give  rise  to  glycosuria,  even  though  the 
interstitial  changes  be  very  marked.  Some  authors  hold  that  the  islets 
of  Langerhans  have  a  special  relation  to  the  glycosuria,  and  state  that, 
when  these  are  fibrosed  or  rendered  functionless  in  some  other  way,  sugar 
is  found  in  the  urine,  but,  as  long  as  they  are  intact,  glycosuria  does  not 
occur. 

Absence  or  inadequacy  of  the  pancreatic  secretion  interferes  with  the 
normal  absorption  of  fatty  substances  in  the  intestine,  and,  in  such  cases, 
the  stools  contain  excess  of  undigested  fat. 

POST-MORTEM  SOFTENING,  due  chiefly  to  auto-digestion  is  frequent, 
and  the  whole  pancreas  may  become  involved.  Microscopically,  the 
nuclei  in  the  affected  areas  do  not  stain,  and  the  cells  undergo  shrinkage, 
so  that  the  connective  tissue  becomes  more  evident. 

CONGENITAL  ABNORMALITIES.— The  presence  of  small  accessory 
pancreatic  glands  in  the  omentum,  mesentery,  and  elsewhere,  is  by  no 
means  uncommon.  They  may  occur  also  in  the  thickness  of  the  gastric 
or  intestinal  walls,  where  they  are  sources  of  weakness,  and  where  they 
may — especially  in  the  case  of  the  intestine — lead  to  the  production  of 
diverticula,  at  the  distal  ends  of  which  the  small  accessory  glands  may  be 
found  on  section  (Alexis  Thomson).  The  commonest  site  for  these 
pancreatic  "  rests  "  is  in  the  tissue  of  the  jejunum,  though  occasionally 
they  occur  in  the  duodenum  and  in  the  stomach.  In  rare  instances, 
tumour-growth  may  arise  from  these  supernumerary  glands. 

WOUNDS  OF  THE  PANCREAS  allow  the  escape  of  pancreatic  secretion, 
and  this  gives  rise  to  necrotic  changes  in  the  fat  of  the  omentum,  etc.  Cases 
have  been  described  in  which  the  pancreatic  secretion  has  collected  in  the 
lesser  sac  of  the  peritoneum  and  given  rise  to  a  pseudo-cyst. 

HEMORRHAGE  INTO  THE  PANCREAS  may  occur  as  minute 
petechise,  or  in  the  form  of  large  hsemorrhagic  infiltrations.  The  former 
occur  in  purpura,  scurvy,  and  in  septicemic  and  toxic  diseases  in  general. 
The  latter,  however,  are  more  important,  and  are  generally  described  under 
the  term  "  haemorrhagic  pancreatitis."  In  some  cases,  this  condition 
is  due  to  inflammation,  and  may,  therefore,  be  a  true  pancreatitis; 
but,  in  the  great  majority  of  cases,  inflammatory  phenomena  are  not 
associated  with  it.  Degenerative  changes  in  the  cells  of  the  pancreas 
occur  either  as  a  preliminary  to,  or  as  a  sequel  of,  the  haemorrhage.    The 
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cells  are  swollen,  the  cyto-reticulum  becomes  more  prominent,  and  the 
chromatin  of  the  nuclei  undergoes  disintegration  or  absorption,  with 
resulting  loss  of  nuclear  staining.  The  peritoneal  cavity  generally  con- 
tains blood-stained  fluid,  and  in  the  omentum  and  mesentery,  especially 
close  to  the  pancreas,  there  are  numerous  areas  of  fat-necrosis. 

The  aetiology  of  the  condition  will  be  discussed  on  p.  829. 

Hemorrhagic  Infiltration  results  from  the  destructive  changes 
produced  by  tumours,  especially  sarcomas  and  cancers;  and  it  occurs, 
though  usually  in  a  minor  degree,  as  a  sequel  of  chronic  venous 
congestion  in  cardiac  disease,  pulmonary  disease,  or  cirrhosis  of  the  liver. 
Further,  scurvy,  purpura,  the  infective  fevers,  and  phosphorus-poisoning, 
though  usually  giving  rise  to  minute  haemorrhages,  may  also  be  the  cause 
of  larger  extravasations;  and  haemorrhages  from  embolism,  and  as  a 
result  of  fat-necrosis,  are  said  to  occur.  Injury  of  the  pancreas  may  also 
be  a  cause  of  haemorrhage. 

Results. — Death  usually  supervenes  from  shock,  or  from  pressure  on 
the  cceliac  axis.  If  death  is  not  thus  suddenly  produced,  gangrene  and 
extensive  fat-necrosis  result,  not  only  in  the  pancreas  but  also  in  the  sur- 
rounding fat,  especially  of  the  omentum,  as  well  as  in  the  adipose  tissue 
in  other  parts  of  the  body.  A  chronic  inflammatory  change,  with  over- 
growth of  fibrous  tissue,  follows  in  certain  cases  where  the  primary 
haemorrhagic  condition  has  not  proved  fatal. 

AMYLOID  OR  WAXY  DEGENERATION  is  rarely  found  in  the  pan- 
creas. FATTY  DEGENERATION  is  common.  PIGMENTATION  may 
occur  at  the  seat  of  haemorrhages,  but  is  specially  marked  in  cases  of 
"  bronzed  diabetes  "  or  hsemochromatosis,  and,  in  such  cases,  is  associated 
with  pigmentation  in  other  organs,  in  the  skin,  etc.  The  pigment,  in  these 
cases,  is  partly  in  the  form  of  an  iron-free  compound,  but  is  largely  haemo- 
siderin,  and  may  occur  in  enormous  quantity  and  give  rise  to  cirrhosis 
of  the  organ.1 

Areas  of  NECROSIS,  varying  in  size,  are  produced  in  the  pancreas 
as  a  result  of  haemorrhage  or  of  inflammation ;  and  a  special  form  of  this 
condition  occurs,  particularly  in  the  fatty  tissue  of  the  pancreas  and 
the  omentum,  and,  in  severe  cases,  in  the  extra-peritoneal,  and  even  in 
the  subcutaneous,  fatty  tissue.  This  fat-necrosis  appears  in  the  form 
of  minute,  greyish-white  or  yellowish- white,  opaque  foci,  or  larger  areas 
formed  by  the  coalescence  of  these,  and  is  usually  associated  with  acute 
or  chronic  pancreatitis,  tumour-formation,  obstruction  of  ducts,  injury  to 
ducts,  etc.  Microscopically,  the  areas  are  more  or  less  homogeneous  in 
appearance,  and  do  not  stain  with  osmic  acid — the  fat  having  become 
disintegrated,  and  probably  converted  into  a  compound  of  a  fatty 
acid  united  with  a  calcium  base.  The  pathology  of  this  condition  is 
referred  to  in  Chapter  III,  p.  99. 

1  Beattie,  "Hsemochromatosis  with  Diabetes  Mellitus,"  Jour.  Path,  and  Had., 
Edinburgh  and  London,  August  1903,  p.  117. 
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ATROPHY  of  the  pancreas  occurs  in  old  age  and  in  wasting  diseases ; 
and,  in  these  cases,  is  usually  general  throughout  the  gland.  Localised 
atrophy  may  result  from  pressure,  or  from  obstruction  of  the  ducts.  In 
some  cases  of  diabetes  mellitus,  the  pancreas  is  atrophied;  and,  in 
carcinoma  and  in  cirrhosis  of  the  gland,  there  may  be  very  marked 
atrophy  of  the  secreting  tissue.  In  cases  of  interstitial  pancreatitis,  the 
atrophy  of  the  organ  may  be  extreme. 

INFLAMMATION   OF  THE   PANCREAS  :— 

Inflammation  of  the  pancreas  may  be  acute  or  chronic,  and  affects 
the  glandular  or  the  interstitial  tissue.  According  to  the  statements 
of  Mayo  Robson  and  Cammidge,1  the  condition  of  pancreatitis,  especially 
the  interstitial  variety,  is  much  commoner  than  is  generally  recognised ; 
and  they  attribute  to  this  disease  of  the  pancreas  many  of  the  symptoms 
which  are  commonly  regarded  as  being  associated  with  gall-stones. 

The  forms  of  pancreatitis  usually  described  are — 

1.  ACUTE    HEMORRHAGIC   PANCREATITIS— See    pp.    826    and 

829. 

2.  ACUTE  SUPPURATIVE,  GANGRENOUS,  or  NECROTIC  PAN- 
CREATITIS— though  it  may  result  as  an  extension  of  septic  processes 
in  the  neighbourhood,  as,  for  example,  from  a  gastric  or  duodenal  ulcer 
— is  sometimes  primary,  the  infection  coming  apparently  from  the  in- 
testinal tract  by  way  of  the  ducts.  The  pancreas,  in  any  of  these 
conditions,  is  swollen  and  extremely  soft,  and  shews  a  varying  number 
of  necrotic  foci  or  gangrenous  cavities. 

3.  CHRONIC  INTERSTITIAL  PANCREATITIS.— Mayo  Robson  2  has 
divided  this  chronic  form  as  follows  : — 

i.  Interstitial  Pancreatitis  :— 

(a)  Inter-lobular. — In  this,  the  inflammatory  process  is  localised  at 
the  periphery  of  the  lobules ;  and  the  cellular  structure,  with  the  islets  of 
Langerhans,  is  affected  only  in  the  later  stages. 

(6)  Inter-acinar. — The  new  fibrous  tissue  is  diffusely  distributed  and 
invades  the  lobules,  separating  the  individual  acini,  and  invading  the  islets 
of  Langerhans. 

ii.  Cirrhosis  of  the  Pancreas,  is  a  combination  of  inter-lobular  and 
inter-acinar  changes,  with  very  great  overgrowth  of  fibrous  tissue. 

In  all  the  forms  of  interstitial  pancreatitis,  the  pancreas,  in  the  early 
stages,  is  hard  and  enlarged.  On  section,  the  amount  of  interstitial  tissue 
is  greatly  increased.  In  the  later  stages,  there  is  atrophy  of  the  organ, 
and,  on  section,  very  little  of  the  glandular  elements  of  the  pancreas  can 

1  Mayo  Robson  and  Cammidge,  The  Pancreas  :  Its  Surgery  and  Pathology, 
W.  B.  Saunders  Company,  Philadelphia  and  London,  1907. 

2  Mayo  Robson,  Brit.  Med.  Jour.,  1904,  vol.  i.  pp.  659,  719,  773.  Mayo  Robscn 
and  Cammidge,  The  Pancreas  :  Its  Surgery  and  Pathology,  W.  B.  Saunders  Company, 
Philadelphia  and  London,  1907. 
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be  detected.  Microscopically,  the  cells  are  atrophied  or  degenerated,  and 
there  is  marked  overgrowth  of  fibrous  tissue,  which  may  be  cellular,  but, 
more  commonly,  is  dense,  fully -formed  tissue.  In  some  cases,  the  inter- 
stitial overgrowth  may  be  so  great  that  almost  the  whole  of  the  secreting 
cells  of  the  organ  are  destroyed.  As  has  been  already  stated,  this  inter- 
stitial pancreatitis  may  or  may  not  be  associated  with  glycosuria.  If 
the  urine  is  free  from  sugar,  we  can  assume  that  some  areas  of  pancreatic 
tissue  are  still  functioning.  These. may  be,  as  most  authors  agree,  the 
islands  of  Langenhans,  or,  as  others  hold,  areas  of  pancreatic  tissue 
indistinguishable  from  these  islands.  Thus,  Oertel  states  :  "  That  the 
certain  identification  of  islands  as  old  persistent  structures  in  a  new 
cirrhotic  environment  is  not  possible,  as  old  remaining  parenchymatous 
nodules  may  take  on  this  appearance  and  thus  simulate  islands." 

Localised  areas  of  interstitial  pancreatitis  may  occur.  Thus,  Lancer- 
eaux  x  described  a  case  in  which  the  middle  third  of  the  pancreas  was 
merely  a  fibrous  cord,  and  the  left  lateral  third  much  atrophied.  This 
condition  was  associated  with  diabetes  mellitus. 

etiology  :  The  cause  of  haemorrhagic  pancreatitis  is  in  most  cases 
unknown,  but  it  has  been  associated,  in  some  cases,  with  obstruction  of 
the  orifice  of  the  duct  or  rather  of  Vater's  ampulla  by  gallstones,  and 
Opie  suggests  that  bile  reaches  the  pancreas  by  the  duct  of  Wirsung, 
causing  necrosis  of  and  haemorrhage  into  the  cellular  tissue.  There  is  no 
doubt  that  the  pancreatic  tissue  is  very  susceptible  to  the  action  of 
irritating  substances.  It  has  been  shown  experimentally  that  injection 
of  substances  such  as  sulphuric  or  nitric  acid,  bile,  artificial  gastric  juice, 
and  suspensions  of  various  organisms,  into  the  gland-substance,  directly 
or  through  the  ducts,  may  give  rise  to  necrotic,  haemorrhagic,  and 
suppurative  conditions.  These  acute  processes  may  be  followed  by 
interstitial  pancreatitis,  but,  in  most  cases,  this  condition  is  either 
subacute  or  chronic  from  the  beginning.  Obstruction  of  the 
duct  by  pressure  from  without,  or  by  foreign  bodies,  catarrhal  pro- 
cesses, tumours,  calculi,  etc.,  from  within,  may  give  rise  to  interstitial 
changes  in  the  organ.  Thus,  it  sometimes  arises  as  a  result  of  gall-stones 
blocking  the  common  outlet,  pancreatic  calculi,  tumours,  or  catarrh  of  the 
duodenum.  Toxic  products,  of  known  or  unknown  nature,  must  be  re- 
garded as  important  causal  factors.  Thus,  cases  have  been  recorded 
which  seem  to  have  arisen  secondarily  to  alcoholism,  syphilis,  purulent 
peritonitis,  typhoid  fever,  influenza,  mumps,  etc.  These  toxic  agents 
possibly  act  by  producing  gastro-duodenal  catarrh,  which  spreads  up  the 
pancreatic  duct.  It  has  been  shewn  experimentally,  by  the  injection  of  oil 
of  turpentine,  alcohol,  agar,  and  other  foreign  bodies,  into  the  pancreatic 
duct,  that  sclerosis  of  the  gland  may  be  produced.  In  many  cases, 
the  cirrhosis  of  the  pancreas  is  associated  with  cirrhosis  of  the 
liver. 

1  Lancercaux,  Bull.  Acad,  de  Med.,  Paris,  1877,  series  2,  tome  vi.,  p.  588. 
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GRANULOMATA  :— 

TUBERCULOSIS  OF  THE  PANCREAS  is  rare.  Miliary  or  solitary 
nodules  are  sometimes  seen,  and  the  organ  may  be  involved  from 
neighbouring  tuberculous  glands. 

SYPHILIS  may  give  rise,  as  has  been  stated,  to  interstitial  pancreatitis, 
and  involvement  of  the  pancreas  is  commonest  in  the  congenital  form  of 
the  disease.  It  is  frequently  associated  with  interstitial  overgrowth  in 
other  organs,  as,  for  example,  in  the  liver  and  in  the  lungs. 

TUMOURS  AND  CYSTS  :— 

Sarcoma  is  said  to  occur  both  as  a  primary  and  as  a  secondary  growth, 
but  it  must  be  extremely  rare. 

Primary  Carcinoma  of  the  scirrhus,  encephaloid,  or  colloid  type,  is  said 
to  occur  in  the  head  of  the  pancreas  with  comparative  frequency.  All 
the  cases  we  have  seen,  some  of  which  have  been  described  as  primary 
cancers  of  the  head  of  the  organ,  have  been  tumours  which  have  started  ap- 
parently in  the  glands  of  the  neighbourhood,  and  secondarily  invaded  the 
pancreas ;  and  therefore  we  are  somewhat  doubtful  about  the  comparative 
frequency  of  primary  tumours  of  this  organ.  Secondary  invasion  of  the 
pancreas  by  cancers  of  the  stomach  or  liver,  is,  however,  not  uncommon. 

Cysts  of  various  kinds  may  occur  : — 

(1)  Congenital  cystic  disease,  associated  with  cystic  kidney,  and  some- 
times also  with  a  similar  condition  in  the  liver,  has  been  observed. 

(2)  Retention-cysts,  due  to  obstruction  of  the  pancreatic  duct  by 
calculi,  cicatricial  stenosis,  pressure  from  without,  or  its  involvement  by 
malignant  tumour  of  the  head  of  the  pancreas,  or  of  the  pylorus  or 
duodenum,  may  occur.  In  a  case  seen  recently  by  one  of  the  authors,  a 
very  large  retention-cyst  in  the  tail  of  the  pancreas  simulated,  and  was, 
before  operation,  taken  to  be,  a  considerably  enlarged  spleen. 

(3)  Hydatid  cysts  are  extremely  rare,  as  are  also  cysts  which  result  from 
the  absorption  of  haemorrhage  or  of  the  products  of  necrosis. 
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In  studying  the  pathology  of  diabetes  mellitus,  it  should  always  be 
remembered  that,  in  healthy  persons,  sugar  is  present  in  the  blood  (0-08 
to  0-12  per  cent.)  and  in  the  urine  (0-1  per  cent. — Benedict),  and  that 
the  amount  is  constantly  changing  from  hour  to  hour.  As,  in  the  case 
of  the  blood,  this  sugar  is  contained  both  in  the  corpuscles  and  in  the 
plasma,  and  as  the  proportion  of  plasma  and  corpuscles  varies  daily  as 
much  as  30  per  cent. — a  10  per  cent,  change  being  quite  common — 
Falta  points  out  that  misleading  results  may  be  obtained  unless  a 
simultaneous  estimation  of  the  respective  volumes  of  plasma  and 
corpuscles  is  made  by  the  hematocrit  method. 
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Maclean  1  states  that  in  the  average  young  or  middle-aged  healthy  in- 
dividual, there  is,  after  the  ingestion  of  sugar,  a  rise  from  the  basal  figure 
of  about  0-1  per  cent,  to  a  maximum  of  0-16  or  0-17  per  cent.  This  rise 
is  seen  in  from  30  to  60  minutes ;  the  maximum  concentration  is  sustained 
for  a  very  short  period,  and  there  is  then,  in  about  30  minutes,  a  fall 
to  a  level  even  lower  than  the  original  blood-sugar  content.  In  a  case 
of  diabetes,  even  where  the  amount  of  blood-sugar  is  approximately 
normal,  after  the  ingestion  of  glucose  the  rise  continues  steadily,  attains 
its  maximum  in  about  2 J  hours,  then  gradually  falls  and,  even  after 
4^-  or  5  hours,  it  may  still  remain  considerably  above  the  normal  level. 
This  difference  between  the  healthy  and  the  diabetic  individual  is  used 
as  a  basis  for  investigation  of  the  diabetic.  It  may  be  stated  generally 
that,  in  healthy  subjects  with  normal  kidneys,  no  excretion  of  sugar 
takes  place  until  the  concentration  in  the  blood  reaches  about  0*18  per 
cent.,  and  it  is  probably  impossible  to  produce  a  concentration  beyond 
this  limit.  In  the  diabetic,  comparatively  small  quantities  of  carbo- 
hydrate produce  a  blood-sugar  concentration  considerably  above  this 
"  threshold  "  value  (0-18  per  cent.),  with  the  consequent  production  of 
glycosuria.  It  must  always  be  remembered,  however,  that  variations 
in  the  percentage  of  blood-sugar,  and  possibly  also  variations  in  the  ease 
with  which  excretion  of  sugar  by  the  kidney  takes  place,  occur  in  different 
normal  individuals.  Glycosuria  may  appear  intermittently,  and,  there- 
fore, it  is  important  that  blood-sugar  tests  should  be  very  carefully 
controlled,  and  that  too  much  value  should  not  be  placed  on  the  result 
of  a  single  examination  of  the  blood  or  urine.  The  nature  of  the  glycos- 
uria should  be  determined,  and  this  can  be  done  most  satisfactorily 
by  giving  the  patient  a  certain  amount  of  sugar  by  the  mouth  and  ascer- 
taining the  subsequent  changes  in  blood-sugar  concentration.  For  the 
method  of  carrying  out  the  "  sugar-tolerance  "  and  "  blood -sugar  "  tests 
we  refer  our  readers  to  the  writings  of  Maclean  and  other  authors.  As 
we  have  already  stated,  there  is  a  rise  in  the  amount  of  blood-sugar  in 
normal  individuals  after  every  meal  which  contains  carbohydrates,  and 
some  of  this  appears  to  be  stored  in  the  liver,  the  muscles  and  elsewhere. 
According  to  Maclean,  this  storage-mechanism  comes  into  action  when 
the  blood-sugar  reaches  a  concentration  of  0-16  or  0-17  per  cent.,  i.e. 
just  at  the  point  at  which  the  kidney  commences  to  excrete  sugar.  If 
this  storage-capacity  in  unimpaired,  and  if  the  kidney  is  acting  normally, 
the  blood-sugar  concentration  will  not  rise  above  0-17  per  cent.,  and  no 
glycosuria  will  follow  the  ingestion  of  even  large  amounts  of  carbohydrate. 
If,  however,  the  blood-sugar  concentration  reaches  a  point  in  excess  of 
0-17 — and  this  sometimes  occurs  in  apparently  healthy  individuals — 
glycosuria  may  result.  In  the  diabetic,  the  storage-mechanism  apparently 
fails,  and  the  degree  of  failure  is  indicated  by  the  blood-sugar  curve 
obtained  after  ingestion  of  glucose. 

1  Maclean,  Glycosuria  and  Diabetes,  Constable  &  Co.,  London,  1924. 
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The  mechanism  regulating  the  amount  of  sugar  in  the  blood  and  in 

the  urine  is  a  complicated  one  and.  though  the  storage  in  the  liver  is 
an  important  factor,  it  is  generally  recognised  that  the  pancreas,  the 
suprarenal,  the  thyroid  and  the  pituitary  glands  all  play  some  part  in 
sugar-metabolism. 

The  Pancreas  and  Diabetes. — Minkowski  shewed  that  total  extirpa- 
tion of  the  pancreas  in  dogs  gave  rise  to  a  condition  strictly  com- 
parable with  diabetes  mellitus  in  the  human  subject.  This  work  has 
been  confirmed  by  various  experimenters.  Again,  it  has  been 
shewn  that,  if  about  one-fifth  of  the  pancreas,  with  its  arterial 
supply,  is  separated  from  the  rest  of  the  gland  and  implanted  extra- 
peritoneally  at  a  distance  from  the  original  site,  and  then,  if  the 
remainder  of  the  gland  with  ducts,  nerves  and  blood-vessels  be  fully 
extirpated,  no  diabetes  results.  In  the  course  of  some  weeks,  the  graft 
atrophies,  and  persistent  glycosuria  supervenes.  Further,  if  the  trans- 
planted portion  be  removed  by  operation,  diabetes  ensues  within  a  few 
hours.  These  experiments  seem  to  shew  that  the  pancreatic  tissue 
supplies  something,  the  lack  of  which  causes  glycosuria  and  the  other 
symptoms  of  diabetes.  Atrophy,  as  a  result  of  the  impaction  of  calculi 
in  the  pancreatic  ducts,  or  of  obstruction  of  the  latter  by  the  pressure 
of  calculi  in  the  bile-passages  :  interstitial  inflammation,  however  pro- 
duced :  necrosis  :  so-called  hyaline  degeneration  of  the  parenchyma,  etc., 
are  all  casual  factors  in  certain  cases.  These  pathological  lesions  are 
never  so  severe  as  to  throw  the  organ  out  of  use,  as  is  necessarily  done  in 
extirpation  of  the  gland  or  even  in  ligature  of  the  duct,  and  it  is,  there- 
fore, only  in  a  certain  proportion  of  cases  that  diabetes  is  present.  In 
these,  if  the  changes  in  the  pancreas  are  regarded  as  the  causal  factor, 
then  there  must  be  either  such  extensive  general  pathological  lesions 
in  the  organ  as  will  so  reduce  its  activity  that  its  action  in  relation  to 
sugar-metabolism  becomes  destroyed  :  or  some  special  part  of  the 
pancreas,  the  function  of  which  is  to  control  sugar-metabolism,  must 
have  been  thrown  out  of  action. 

As  has  already  been  stated,  many  authors  regard  the  latter  suggestion 
as  the  more  probable,  and  consider  that  the  islands  of  Langerhans  are 
specially  concerned  in  carbohydrate-metabolism,  and  regard  them  as 
structures  producing  an  internal  secretion  (insulin)  which  is  liberated 
into  the  blood.  Opie  and  various  other  observers  have  found  extensive 
degenerative  changes,  especially  of  a  hyaline  nature,  in  the  islands 
of  Langerhans  in  cases  of  glycosuria.  Similar  hyaline  changes  have  been 
noted  by  Milne  and  Peters  in  non-diabetics.  Reitmann  and  (> 
describe  them  in  cachexias  and  supervening  infections  to  which  diabetics 
are  liable,  and  Oertel  adds  that  it  cannot  !»<■  Btated  with  certainty  whether 
the  hyaline  areas  described  by  various  authors  were  islands  of  Langer- 
hans, or  were  simply  detached  parts  of  the  parenchyma.  No  definite 
internal  secretion  of  the  islands  of  Langerhans  has  been  isolated,  and 
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though  insulin  has  been  obtained  from  the  pancreas  in  which  the  paren- 
chymatous cells  have  been  largely,  if  not  wholly,  destroyed  by  ligature 
of  the  ducts,  this  is  no  proof  that  the  secretion  comes  from  the  islands  of 
Langerhans.  It  may  be  a  product  of  the  destroyed  cells,  or  merely 
stored  in  the  pancreas.  There  seems  no  doubt  that  there  is  a  distinct 
relationship  between  disease  of  the  pancreas  and  diabetes,  but  the  exact 
nature  of  the  pathological  changes  which  are  necessary  is  not  clear, 
though  the  weight  of  evidence  is  in  favour  of  the  view  that  damage  to 
the  islands  of  Langerhans  and  the  consequent  interference  with  the 
production  of  insulin  are  essential  factors  in  producing  pancreatic  diabetes. 
It  may  be  stated  generally,  that  the  monosaccharides  glucose  (or 
dextrose),  maltose,  and  laevulose,  can  be  consumed  by  the  tissues 
of  the  body,  but  that  starch  and  allied  substances,  as  well  as 
cane-sugar,  must  first  be  hydrolysed  by  the  action  of  ferments  in 
the  alimentary  tract.  One  of  these  hydrolysing  agents  is  the  diastatic 
ferment  of  the  pancreas.  Eventually,  the  polysaccharides  are  con- 
verted into  glucose,  and  this  is  carried  to  the  liver  by  way  of  the  portal 
vein,  and,  in  the  liver,  becomes  glycogen.  This  glycogen  is  set  free  from 
the  liver  and  poured  into  the  blood  as  glucose.  The  conversion  of  the 
glycogen  into  glucose  takes  place  by  various  stages  and  is  effected  by  fer- 
ments, of  which  glycogenase,  which  is  found  in  all  the  organs,  is  one  of  the 
most  important.  If  the  pancreas  is  removed,  or  if  its  ferments,  which  are 
necessary  to  this  complete  carbohydrate-metabolism,  are  altered  or 
destroyed  by  disease,  then  the  chain  of  events  is  broken.  When  the  sugar 
reaches  the  liver,  it  has  not  been  acted  upon  by  the  amylolytic  ferments  of 
the  pancreas,  and  is  in  such  a  form  that  it  is  either  not  stored  as  glycogen, 
or  is  in  such  an  unstable  condition  that  the  glycogenase  is  able  to  act 
so  energetically  that  it  decomposes  at  once  all  the  pre-existing  glycogen 
in  the  liver,  as  well  as  any  that  may  be  in  process  of  formation. 
There  is  thus  a  rapid  diminution  of  glycogen  in  the  tissues,  with  an 
increase  of  sugar  in  the  blood  and  in  the  urine.  Milne  and  Peters  state  : 
"  The  ability  to  form  glycogen  still  remains,  so  that  new  glycogen  may 
continually  be  produced.  This  increased  conversion  of  glycogen  into 
glucose  may  be  considered  to  be  due  to  the  direct  action  of  products 
retained  in  the  serum  by  pancreatic  insufficiency,  which  increase  the 
diastatic  power  in  the  blood  serum  or  act  on  the  tissue  cells  so  that  they 
rapidly  convert  their  store  of  glycogen  into  sugar."  Wells  holds  that 
in  diabetes  there  is  a  primary  under-consumption  rather  than  a  primary 
over-production  of  sugar;  and  that  the  enzyme  necessary  for  the  deep 
dissociation  of  glucose  is  lacking  or  inactive ;  whereas  Geelmuyden  states 
that  there  is  a  hyperproduction  of  sugar  from  fats  and  proteins;  and 
this  he  attributes  to  a  loss  of  control  on  the  part  of  the  pancreas  over  the 
action  of  adrenalin,  the  uncontrolled  action  of  which  is  responsible  for 
the  conversion  of  glycogen  and  fat  into  sugar.  Whatever  be  the  exact 
physiological  process,  there  can  hardly  be  any  question  that  the  adrenals 
53 
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play  some  part  in  the  production  of  glycosuria,  for,  after  stimulation  of 
the  glands  or  injections  of  adrenalin,  sugar  may  be  found  in  the  urine. 
Again,  stimulation  of  the  splanchnic  nerves  causes  glycosuria,  if  the 
adrenal  glands  are  healthy.  If  these  glands  are  removed  and  the  nerves 
then  stimulated,  glycosuria  does  not  occur.  Further,  excess  of  thyroid 
secretion  may  give  rise  to  glycosuria;  whilst,  in  the  absence  of  the 
thyroid,  the  production  of  glycosuria  is  very  difficult  (see  Chapter  on 
Ductless  Glands,  p.  834).  Enough  has  been  said  to  show  that  glycosuria 
alone  ma}^  result  from  various  factors,  and,  at  present,  it  is  not 
possible  to  estimate  the  share  each  of  these  takes  in  its  pro- 
duction. Glycosuria  may  occur  as  a  symptom  of  other  diseases, 
such  as  rheumatoid  arthritis;  but,  in  diabetes,  in  addition  to 
the  glycosuria  resulting  from  deranged  carbohyrate-metabolism, 
there  are  important  alterations  in  protein-  and  fat-metabolism.  Both 
the  proteins  and  the  fats  are  metabolised  in  increased  amount  and 
the  glucose  derived  from  the  proteins  is  excreted  in  the  urine.  Certain 
of  the  elements,  which  go  to  the  building-up  of  proteins,  e.  g.  some  of  the 
amino-acids,  are  more  capable  than  others  of  being  converted  into 
sugars.  It  has  also  been  shewn  that,  in  the  absence  of  the  proper 
utilisation  of  carbohyrates,  there  is  an  imperfect  oxidation  of  fats ;  and 
certain  of  the  intermediate  products,  e.g.  acetone,  di-acetic  acid  and 
oxy butyric  acid  may  appear  in  the  urine.  The  accumulation  of  these 
substances,  especially  oxybutyric  and  diacetic  acids,  in  the  blood  gives 
rise  to  toxic  symptoms,  with  the  production  of  the  condition  generally 
referred  to  as  acidosis,  and  is,  no  doubt,  also  related  to  the  development 
of  coma,  which  is  so  characteristic  a  feature  of  diabetes. 

Lipsemia — the  presence  of  fat  shewing,  on  naked-eye  examination,  in 
the  blood  and  giving  the  serum  a  milky  appearance — is  not  uncommon 
in  diabetes.  The  precise  origin  of  this  fat,  and  the  reason  for  its 
accumulation  in  the  blood,  is  not  known. 

Thus,  it  may  be  said  that  the  diabetic  condition  is  an  abnormal  meta- 
bolism of  the  carbohydrates,  the  proteins  and  the  fats ;  that  this  is,  in  part, 
due  to  abnormalities  in  the  pancreatic  secretion  brought  about  in  various 
ways,  and  especially  by  pathological  conditions  in  the  islands  of 
Langerhans.  In  addition,  however,  there  are  probably  definite 
associations,  the  nature  of  which  is  at  present  unknown,  with  changes 
in  the  nervous  system,  the  adrenals,  the  thyroid,  and  possibly  other  of 
the  organs  of  internal  secretion. 

Interesting  and  important  though  the  whole  subject  of  diabetes 
mellitus  and  of  pancreatic  disease  is,  the  relation  between  the  two 
conditions  is  still  obscure,  in  spite  of  the  recent  advances  in  our 
knowledge  which  have  been  made  by  the  work  of  Banting,  Maclean  and 
others.  We  have  referred  to  the  outstanding  points  in  this  work  but, 
for  more  detailed  information,  we  refer  our  readers  to  the  publications 
of  these  authors,  references  to  which  have  already  been  given. 
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Maclean1  states  that:  "As  far  as  we  know,  it  would  seem  that 
glycosuria  connected  with  endocrine  gland  disturbances  is  always 
associated  with  hyperactivity  of  these  glands,  and  is  not  likely  to  be 
found  in  atrophic  conditions,"  e.g.  it  may  appear  in  hyperpituitarism 
and  in  hyperthyroidism,  or  in  increased  activity  of  the  adrenal  glands, 
rather  than  in  conditions  such  as  myxcedema,  hypopituitarism,  or  in 
Addison's  disease  (q.v.  pp.  860,  851). 

1  Maclean,  Modern  Methods  in  the  Diagnosis  and  Treatment  of  Glycosuria  and 
Diabetes.     Constable.  London,  1922,  pp.  54-5 


CHAPTER    XXII 

DISEASES   OF  THE   DUCTLESS  GLANDS 
THE    ENDOCRINE   ORGANS 

(THYROID,  THYMUS,  PITUITARY,  SUPRARENAL,  PINEAL,  etc:) 

These  are  structures  which  are  composed  of  secreting  glandular  tissue, 
the  secretion  of  which  is  not  carried  away  by  a  duct  as  in  the  case,  say,  of  the 
pancreas  or  salivary  glands,  but  reaches  the  circulation  by  way  of  blood-vessels 
or  lymphatics.  In  addition  to  certain,  as  yet  little  understood,  activities, 
the  majority  of  these  ductless  glands — by  means  of  their  so-called  internal 
secretions  or  autacoids  (avro?,  self,  and  <iko9,  a  medicinal  agent  or  remedy) — 
possess  extremely  important  influences  upon  general  metabolism  and  nutrition, 
and  upon  blood-pressure.  Some  of  these  autacoids  act  by  stimulating  or 
exciting  cell-function  and  are  called  Hormones  (op/xdix),  I  stir  up).  Others 
produce  depression  or  cessation  of  function,  e.  g.  placental  extract  inhibits 
the  secretion  of  the  mammary  gland,  and  are  therefore  called  by  Schafer 
Chalones  (x<iA.ttw,  I  make  slack).  They  are  not  inactivated  by  boiling,  and 
are  of  simpler  chemical  constitution  than  enzymes.  In  some  diseases,  certain 
of  the  glands  producing  such  internal  secretions  may  be  affected  alone  ;  but, 
in  other  instances,  important  alterations  may  be  found  in  several,  or  even  in 
all,  of  them  simultaneously,  and  may  therefore  be  regarded  as  diseases  of  a 
group,  rather  than  of  a  single  gland.  The  sexual  glands  and  other  organs 
(Testis,  Ovary,  Uterus,  Breast  and  Placenta),  in  addition  to  their  primary 
functions,  also  produce  internal  secretions  which  influence  general  metabolism 
and  nutrition.  The  alimentary  mucous  membrane  and  the  pancreas,  in 
addition  to  their  other  activities,  possess  endocrine  functions,  and  internal 
secretions  are  also  now  commonly  ascribed  to  the  spleen,  lymphatic  glands, 
bone-marrow,  etc.1  Various  diseased  conditions  may  be  associated  with 
increase,  perversion,  diminution,  or  disappearance  of  endocrine  secretions. 

DISEASES   OF   THE   THYROID   GLAND 

(INCLUDING    THE    PARATHYROIDS) 

Outline  of  the  Physiology  and  Histology  of  the  Thyroid. — The  most  import- 
ant function  of  the  gland  is  the  production  of  an  internal  secretion  which 
has  a  very  important  influence  upon  the  growth  and  maintenance  of  the  general 
nutrition  of  the  body-tissues,  and  upon  general  metabolism,  especially 
upon  that  of  calcium  salts:  upon  blood-pressure,  its  action  being  mainly  a 
vaso-dilator  one,  influencing  especially  the  peripheral  circulation,  its  functions 
in  this  connection  being  closely  associated  with  the  sympathetic  adrenal 
system :  and  its  secretion  is  also  believed  by  some  to  possess  important 
functions  in  relation  to  the  neutralisation  and  elimination  of  various  toxins. 

1  Consult  Schafer' s  The  Endocrine  Organs,  Swale  Vincents  Internal  Secretion 
and  the  Ductless  Glands,  Weil's  '/'//<  Internal  8ecretions  (trans,  by  Gutman),  Gley's 
Les  Secretions  internes,  Biedl's  Innere  Sekretion,  etc. 

832 


DISEASES  OF  THE  DUCTLESS  GLANDS 


833 


The  gland  is  relatively  larger  in  women  than  in  men.  It  undergoes  more 
rapid  enlargement  at  puberty,  and  temporary  alterations  in  its  size  are  common, 
for  example,  enlargement  at  the  menstrual  periods  and  during  pregnancy. 
It  becomes  relatively  atrophied  in  old  age. 

The  human  thyroid  is  composed  of  a  lateral  lobe  on  each  side,  joined  by 
the  isthmus.  The  latter  varies  greatly  in  size  in  different  individuals,  and 
may,  in  some  cases,  be  absent — a  condition  which  is  normal  in  certain  animals, 
e.  g.  the  sheep,  in  which  the  thyroid  is  therefore  a  paired  organ.  Prolongations 
of  the  glandular  substance  may  be  found  passing  upwards — or  more  rarely 
downwards — usually  from  the  isthmus  near  the  middle  line.  Development- 
ally,  the  thyroid  arises  from  three  independent  rudiments — paired  lateral 
rudiments,  one  on  each  side,  which  originate  from  the  pharyngeal  hypoblast 
of  the  fourth  visceral  cleft,  and  a  median  rudiment  in  the  form  of  a  divertic- 
ulum from  the  ventral  wall  of  the  pharynx.     The  last  grows  downwards, 


Fig.  377.— Section  of  Normal  Thyroid,     x  50. 


and  its  lower  end  bifurcates'  to  join  the  two  lateral  rudiments.  This  divertic- 
ulum at  first  possesses  a  lumen,  passing  from  the  foramen  caecum  at  the 
root  of  the  tongue  above,  to  the  isthmus  below,  and  constitutes  the  thyro-glossal 
duet,  which,  under  normal  circumstances,  soon  becomes  obliterated  and  forms 
a  fibrous  cord.  In  rare  instances,  portions,  or  even  the  whole,  of  this  duct  may 
remain  patent,  and,  occasionally,  cyst-adenomatous,  and  other  tumours  arise 
from  it. 

Structure  of  the  Thyroid  Gland. — The  organ  is  covered  by  a  thin,  dense, 
fibrous  capsule,  prolongations  of  which  pass  in  as  septa,  dividing  the 
gland  into  lobules,  and  containing  blood-vessels  and  abundant  lymphatics. 
The  blood-supply  of  the  gland  is  very  large  in  proportion  to  the  size  of  the 
organ ;  and  the  amount  varies  with  its  activity.  On  microscopical  section, 
the  glandular  tissue  is  seen  to  be  composed  of  cyst-like  spaces — the  largest 
of  which  may  be  just  visible  to  the  naked  eye.  They  are  lined  by  low  columnar, 
cubical,  or,  in  inactive  glands,  by  comparatively  flattened  epithelium  ;  and 
are  filled  with  "  colloid  material  (see  fig.  377).  These  cyst-like  spaces  are 
54 
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sections  of  minute  closed  vesicles  ;  but,  early  in  development,  the  thyroid 
is  a  compound  tubular  or  racemose  gland,  with  acini  and  a  duct — the  thyro- 
glossal  duct — the  developmental  origin  of  which  structure  has  already  been 
described.  This  duct,  as  previously  noted,  normally  undergoes  obliteration, 
the  tubular  acini  becoming  converted  into  the  closed,  cyst-like  spaces;  but,  in 
some  pathological  conditions,  there  seems  to  be  a  capacity  of  reverting  to  the 
structure  of  a  racemose  secreting  gland ;  and  an  imperfect  acinus-like  grouping 
of  the  glandular  cells  around  obliterated,  and  even  partially  patent,  duct-like 
structures  may  be  observed. 

The  Secretion  of  the  Thyroid  Gland. — The  colloid,  or  mucoid,  material  in 
the  cyst-like  spaces  is  not  the  essential  element  of  the  secretion,  but  is  to  be 
regarded  rather  as  a  by-product,  such  as  may  be  derived  from  the  activity  of 
cells  in  any  closed  space.  Similar  colloid  material  is  seen,  not  only  in  the 
thyToid  itself,  but  also  in  certain  parts  of  the  pituitary  and  prostate  glands, 
and  also  in  the  tubules  of  such  glands  as  the  kidney,  when  these  become 
blocked  from  any  cause.  The  production  of  this  substance  is  due  to 
changes  in  the  lining  epithelial  cells,  which,  during  the  process,  become 
much  swollen,  and  contain  droplets  of  colloid.  The  cells  may  either  remain 
attached,  or,  more  commonly,  may  be  separated  from  the  walls  of  the  space, 
and  undergo  degeneration,  their  contents  gradually  fusing  with  the  colloid 
mass  in  the  space.  The  essential  or  true  thyroid  secretion  is  probably  a 
fluid  which  permeates,  or  is  contained  in,  this  practically  inert  colloid  material, 
in  the  same  way  as,  say,  strychnine  or  codeine  may  be  dissolved  and  stored 
in  a  jelly,  or  as  nutrient  fluids  are  contained  in  gelatinised  culture-media, — 
i.  e.  the  active  substances  secreted  by  the  thyroid  gland  are  only  temporarily 
stored  in  this  substance  until  they  are  required.  They  may  then  pass  out 
by  way  of  the  lymphatics,  or  possibly  directly  by  the  blood-stream.  These 
active  substances  may  be  extracted  from  the  colloid  artificially,  and  are 
not  destroyed  by  drying  or  cooking  the  gland.  It  is  preferable  to 
adopt  the  term  Thyrine  for  these  substances,  as  suggested  by  Schafer, 
rather  than  the  older  terms  "  Iodothyrin  "  or  "  Iodo-thyro-globulin,"  as 
their  true  nature  is  still  unknown — although  their  activity  is  usually  said  to 
be  parallel  with  the  amount  of  combined  Iodine  contained  in  them.  Their 
action  is  complex,  being  hormonic  or  excitory  on  some  tissues,  for  example 
in  connection  with  the  sympathetic  nervous  system  (either  direct  or  through 
the  intermediary  excitation  of  the  suprarenals),  and  also  on  the  sexual 
organs,  thymus,  etc.,  though  it  is  not  yet  known  whether  the  action  on  these 
is  direct  or  indirect;  but  chalonic  or  inhibitory  on  others,  for  example  on 
the  pituitary.  Though  the  influence  of  the  thyroid  secretion  affects  practically 
every  organ  and  tissue  of  the  body,  it  is  only  known  to  be  specifically  con- 
nected with  the  generative  organs,  the  liver  and  pancreas  (in  the  assimilation 
of  sugar  and  glycogen-production,  the  pancreas  and  thyroid  having  a  mutual 
chalonic  or  restraining  action  the  one  on  the  other),  with  the  suprarenal  medulla 
and  sympathetic  system  in  general,  and  with  the  pituitary  and  thymus  glands. 
The  view  that  the  thyroid  secretion  is  concerned  in  the  destruction  of 
toxic  substances  circulating  in  the  blood  is,  according  to  Schafer,  no  longer 
tenable. 

In  some  conditions  in  which  the  thyroid  becomes  more  actively  secreting, 
the  colloid  may  partially,  or  even  entirely,  disappear;  whilst,  on  the  other 
hand,  in  conditions  where  the  gland  is  less  active,  it  may  be  greatly  increased 
in  amount.  In  some  pathological  conditions,  especially  in  certain  acute 
infective  diseases  such  as  pneumonia,  septicaemia,  etc.,  the  secretion  may 
become  mucinoid  and  thin,  the  cells  exhibiting  active  proliferative  and 
catarrhal  changes. 
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CONGENITAL   ABNORMALITIES    OF   THE   THYROID    GLAND.— 

Congenital  Athyrea,  or  Sporadic  Cretinism,  due  to  absence  of  the  gland, 
is  discussed  later,  on  p.  842. 

Accessory  Thyroids  are  by  no  means  uncommon.  They  are  usually 
small  in  size,  and  are  generally  found  in  the  immediate  neighbourhood 
of  the  main  gland.  They  must  be  distinguished  from  the  parathyroid 
glands — small  structures,  two  of  which  lie  on  each  side  in  close  relation- 
ship to  the  lateral  lobes  of  the  thyroid,  within  the  substance  of  which, 
in  some  animals,  they  may,  indeed,  be  embedded. 

ATROPHY. — Senile  Atrophy  occurs,  the  condition  being  not  in- 
frequent in  elderly  females  who  have  suffered  from  enlargement  of 
the  gland  during  middle  life.  The  fibrous  tissue  of  the  septa  and  the 
stroma,  especially  around  the  vessels,  is  increased  in  amount.  The 
vesicles  may  undergo  enlargement,  the  epithelial  cells  becoming  flat- 
tened —i.  e.  there  is  less  secreting  structure — and  there  is  accumulation 
of  passive  colloid  material.  The  more  serious  form  of  atrophy,  leading 
to  the  production  of  Myxcedema,  is  discussed  on  p.  843. 

WAXY  or  AMYLOID  DEGENERATION  is  rare,  but  is  occasionally 
found.  It  occurs  under  the  usual  conditions,  and  shews  the  usual 
characters  of  the  disease  elsewhere  {see  p.  53). 

CLOUDY  SWELLING  is  of  frequent  occurrence  in  acute  fevers  and 
septicaemias,  and,  as  mentioned  above,  is  often  accompanied  by  replace- 
ment of  the  colloid  by  mucoid  material,  and  by  a  catarrhal  condition  of 
the  epithelial  cells.  These  changes  may  become  so  pronounced  as,  in 
some  cases,  to  constitute  an  acute  inflammatory  thyroiditis. 

ABSCESSES. — Minute  secondary  abscesses  may  occur  in  pyaemia 
and  in  ulcerative  endocarditis.  They  appear  to  be  found  especially  in 
staphylococcal  infections.    Abscesses  of  larger  size  are  rare. 

TUBERCULOSIS. — A  few  small  scattered  granulations  are  usually 
found  in  cases  of  generalised  miliary  tuberculosis.  Larger  tuberculous 
nodules  are  occasionally  met  with  in  children. 

SYPHILIS. — Actual  gummata  are  very  rare,  the  most  important  change 
produced  in  the  gland  by  this  disease  being  an  interstitial  cirrhotic  over- 
growth, especially  in  congenital  cases. 

ENLARGEMENTS   AND   TUMOURS 

ENLARGEMENTS,  or  GOITRES.— These  are  due  probably,  in  most 
cases,  to  some  long-continued  demand  on  the  activity  of  the  gland,  possibly 
toxic  in  origin.  According  to  some  recent  writers,  in  certain  cases  of 
thyroid  enlargement,  some  septic  focus  may  exist  somewhere  in  the  body, 
e.g.'m  the  tonsils,  nasal  sinuses,  teeth,  etc.,  and  the  case  may  benefit  from 
removal  of  such  source  of  infection.  Whether  such  benefit  is  due  to  the 
removal  of  the  actual  exciting  cause,  or  merely  to  improvement  of  the 
patient's  general  health,  is  still  an  unsettled  problem.  In  certain  locali- 
ties, e.  g.  in  Gippsland,  Australia,  insufficiency  of  lime  in  the  food  and 
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water  appear  to  be  the  chief  causal  factor  of  the  mild  thyrotoxic  symptoms 
prevalent,  these  disappearing  on  the  administration  of  calcium-salts. 
In  some  limestone  hill-districts,  e.g.  Derbyshire — where  the  so-called 
"  Derbyshire  neck  "  is  prevalent — Switzerland  and  elsewhere,  on  the 
other  hand,  excess  of  lime-salts  leads  to  a  non-thyrotoxic  hypertrophy  of 
the  thyroid  and  parathyroids,  which  glands,  as  above  stated,  specially 
control  calcium-metabolism.  A  hereditary  liability,  or  transmission  from 
parent  to  offspring,  appears  to  play  a  part  in  some  cases.  The  condition 
is  found  occasionally  in  some  of  the  lower  animals,  for  example  in  dogs, 
where  such  transmission  from  the  mother  appears  to  be  not  uncommon. 
Simple  Goitre  is  essentially  a  cystic  enlargement  of  the  gland,  the 


Fiq.  378.— Cystic  Goitre.1     Contrast  with  figs.  377  and  381.     X  50. 


cysts  varying  greatly  in  size.  They  may  be  very  numerous  and  be 
distributed  uniformly  throughout  the  enlarged  organ  {see  fig.  378) ;  or 
they  may  occur  in  localised  areas.  They  contain  colloid  material,  and 
sometimes  altered  blood.  Papillary  ingrowths  are  common.  Li  other 
cases,  the  overgrowth  may  be  largely  fibrous,  usually  with  an  admixture 
of  cysts.  Occasionally,  a  simple  hyperplasia  is  found,  in  which  the 
histological  appearances  are  apparently  those  of  normal  thyroid  tissue. 

These  varieties  of  goitre  are,  as  a  rule,  not  serious  in  their 
results,  except  from  the  inconvenience  of  their  size — which  may  be  very 
considerable — or,  in  some  cases,  on  account  of  pressure-results,  e.  g.  upon 
the  trachea  or  oesophagus.     Secretion  does  not  appear  to  be  specially 

1  The  retraction  of  the  contents  from  the  walls  of  the  spaces  in  this  specimen 
is  an  artefact  produced  during  its  preparation. 
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interfered  with,  except  in  rare  cases,  where  it  may  become  deficient, 
a  condition  which  may  ultimately  lead  to  results  resembling  those  seen 
in  sporadic  Cretinism  or  in  Myxcedema  (q.  v.  pp.  842  and  843). 

EXOPHTHALMIC  GOlTRE—  (Described  by  Parry  in  1825,  and  by 
Basedow  in  1840,  and  often  associated  with  their  names.  The  con- 
dition is  also  frequently  referred  to  as  Graves'  Disease.)  This  disease 
is  characterised  by  (1)  enlargement  of  the  thyroid,  with  definite  and  very 
typical  pathological  alterations,  which  are  often  accompanied  by  changes 
in  other  glands  and  tissues,  especially  in  the  thymus;  (2)  tachycardia  or 
acceleration  of  the  heart's  action,  usually  accompanied  by  cardiac  irregu- 
larity ;  (3)  lowered  arterial  tension,  due  to  dilatation  of  the  blood-vessels, 
and  especially  noticeable  in  the  vessels  of  the  face  and  neck;  (4)  ex- 
ophthalmos or  protrusion  of  the  eyeballs,  with  enlargement  of  the 
palpebral  opening ;  (5)  fine  muscular  tremor,  nervous  excitement,  palpi- 
tation, etc.;  (6)  changes  in  nutrition,  wasting  and  emaciation,  raised 
temperature,  abnormalities  in  pigmentation,  sometimes  polyuria  without 
sugar  (in  13*5  per  cent,  of  cases),  alimentary  or  transitory  glycosuria 
(permanent  only  in  2  per  cent.),  and  albuminuria  in  about  11  per  cent.; 
(7)  blood-changes,  usually  of  the  nature  of  an  ansemia,  accompanied, 
in  many  cases,  by  profound  alterations  in  the  bone-marrow. 

The  disease  is  much  commoner  in  women  than  in  men,  although  an 
increased  proportion  of  cases  of  thyroid  enlargement,  with  many  of 
the  symptoms  of  exophthalmic  goitre,  appears  to  have  occurred  among 
soldiers  during  the  recent  war.  The  disease  supervenes  usually  about 
the  third  decade  of  life.  It  varies  considerably  in  duration — acute, 
subacute,  and  chronic  types  being  recognisable.  Cases  of  recovery  are 
recorded,  aided,  it  may  be,  by  suitable  treatment,  X-ray  administra- 
tion, etc. — otherwise  the  disease  is  usually  progressive,  though  perhaps 
with  intermissions.  In  acute  cases,  death  may  supervene  in  a  few  months, 
or  perhaps  weeks,  and,  in  several  recorded  cases,  even  within  a  few  days 
of  the  onset  of  the  symptoms;  whilst  the  more  chronic  cases  may  last 
for  several  years,  and  may  shew  intermissions  and  relapses. 

In  this  disease,  a  constant  pathological  change,  unlike  that  found  in 
any  other  disease  of  the  gland,  is  present  in  the  thyroid ;  and  the  symptoms, 
as  has  been  pointed  out  by  Moebius  on  the  Continent,  and  by  Greenfield 
in  this  country,  appear  to  be  due  to  an  accompanying  increase,  and 
perhaps  also  perversion,  of  the  thyroid  secretion,  i.  e.  a  condition  of  hyper- 
thyrea  or  hyperthyroidism.  Most  of  the  symptoms — even  the  exoph- 
thalmos— may  be  artificially  produced  by  overdoses  of  the  extract  of  the 
normal  gland ;  and,  moreover,  the  disease  forms  a  striking  contrast  with 
myxcedema,  a  condition  which  is  due  to  insufficiency  of  the  gland  (see 
p.  843),  and  which  may,  therefore,  in  some  ways  be  regarded  as  its 
antithesis.  In  a  few  cases  in  which  secondary  atrophic  changes  occur 
in  the  enlarged  thyroid,  myxcedema  may  supervene  upon  the  primary 
condition  of  exophthalmic  goitre. 
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Changes  in  the  Thyroid  itself. — There  is  usually  marked,  and,  in  some 
cases,  very  considerable,  enlargement,  involving  all  parts  of  the  gland, 
although  sometimes  slightly  asymmetrically,  the  right  lateral  lobe 
frequently  shewing  distinctly  greater  increase  than  the  left.  The  gland 
usually  retains  more  or  less  its  normal  shape,  but  the  lateral  lobes  have  a 


Fig.  379. — Thyroid  Gland,  etc.     From  a  case  of  Exophthalmic  Goitre. 

1.  Hyoid  bone.  2.  Thyroid  cartilage.  3,4,5.  Central,  left  and  right  lobes  of  enlargod 
thyroid  gland.  6,  6,  6.  Greatly  enlarged  thymus  gland.  7.  Pericardium.  8,  9.  Right 
and  loft  ventricles  of  heart.     (From  a  specimen  lent  by  the  late  Professor  Greenfield.) 

marked  tendency  to  enlarge  backwards,  and  may  come  almost  to  surround 
the  trachea  and  even  the  oesophagus,  and  perhaps  almost  meet  behind 
these  structures  and  cause  their  compression.  The  enlargement  in 
exophthalmic  goitre  is,  however,  as  a  general  rule,  not  so  great  as  in 
many  cystic  goitres.  In  colour,  the  gland  is  usually  very  pale,  and,  as 
has  been  pointed  out  by  Greenfield,  it  closely  resembles,  on  section,  an 
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actively  secreting  salivary  gland,  or  the  pancreas,  in  general  naked-eye 
appearance.  Though  usually  moderately  firm  and  elastic,  it  is  distinctly 
softer  than  the  normal  gland  in  consistence,  and  exhibits  more  lobulation , 


Fig.  380. — Thyroid  Gland,  etc.     From  a  case  of  Exophthalmic  Goitre 
(seen  from  behind). 

1.  Tongue.  2,  2.  (Esophagus  (into  which  a  glass  rod  has  been  inserted).  3,  4.  Lateral 
lobes  of  enlarged  thyroid  gland.  5.  Aortic  arch.  (From  a  specimen  lent  by  the  late 
Professor  Greenfield.) 


the  surface  occasionally  presenting  slight  nodulation.  Cysts  are  not  com- 
mon, and,  if  they  do  occur,  are  usually  small,  and  have  fluid — not  colloid 
— contents.  The  surface  veins  may  show  marked  engorgement,  and  the 
vascularity  of  the  glandular  tissue  itself  resembles  that  of  any  other  actively 
functioning  gland.    According  to   Greenfield,  the   enlargement   of  the 
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gland  is  thus  not  due  to  vascular  dilatation,  as  was  previously  believed 
by  many — the  "  pulsation  "  which  is  often  described  being  communicated 
from  the  neighbouring  arteries  at  the  root  of  the  neck.  On  section,  the 
gland-tissue  is  pale  pinkish-white  in  colour,  and,  as  already  noted,  closely 
resembles  that  of  an  actively  secreting  gland,  such  as  the  pancreas  or  a 
salivary  gland.  On  microscopical  examination,  the  tissue  of  the  organ 
shews  enormous  proliferation  of  the  secreting  structure,  comparable  to  the 
active  proliferation  seen  in  the  functioning  mammary  gland  during  lacta- 
tion. The  process  is  not  a  mere  dilatation  of  the  spaces,  but  an  actual 
proliferation  of  the  epithelium,  which  may  shew  papillary  ingrowths  into 
the  spaces.     These  become  smaller  in  size,  and  are  transformed  into  what 
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Fig.  381. — Thyroid  Gland  in  Exophthalmic  Goitre,  shewing  the  active 
proliferation  of  epithelium,  disappearance  of  colloid,  etc.     x  50. 

closely  resemble  the  tubular  acini  of  a  racemose  gland.  The  cells,  instead 
of  being  more  or  less  flattened,  become  cubical,  or  even  columnar  in 
shape,  and  may  shew  active  mitosis,  and  catarrhal  and  degenerative 
changes.  The  colloid  disappears,  and  the  contents  of  the  acinus-like 
spaces  become  more  fluid  in  consistence,  and  contain  the  debris  of 
degenerating  cells. 

Associated  Changes  in  Other  Organs  and  Tissues. — The  lymphatic 
glands,  both  in  the  immediate  neighbourhood  of  the  goitre,  and  also 
in  the  mediastinum  and  abdomen,  are  often  enlarged  and  unduly  vascular. 
Enlargement  of  the  haemolymph-glands  is  also  a  frequent  phenomenon, 
and  has  been  observed  in  the  majority  of  cases  of  exophthalmic  goitre 
examined  by  the  authors  during  the  past  fifteen  years.1 

1  For  a  detailed  description  of  the  enlarged  haemolymph-glands  in  a  ca>M 
exophthalmic  goitre,  see  Lorrain  Smith,   "  On  a  case  of  Haemolymph  Glands. " 
Medical  Chronicle,  March  1908. 
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The  thymus  gland,  in  cases  of  exophthalmic  goitre,  is  very  frequently 
persistent,  and,  in  many  instances,  considerably  enlarged  (see  fig.  379, 
6,  6,  6).  On  microscopical  examination,  this  enlargement  of  the  thymus 
appears  to  be  of  the  nature  of  a  simple  hyperplasia. 

The  spleen  is  occasionally  enlarged,  and  exhibits,  as  a  rule,  evidence 
of  increased  hemolytic  activity. 

The  bone-marrow,  in  a  series  of  ten  cases  examined  by  one  of  the 
authors,  was  found  to  shew  very  marked  changes,  mostly  of  the  nature 
of  a  mixed  leuco-  and  erythro-blastic  reaction.  The  fatty  marrow  of  the 
long  bones  was  usually  completely  transformed  to  red  marrow;  and, 
especially  in  several  very  acute  cases  examined,  was  dark  brick-red  in 
colour,  resembling  the  naked-eye  appearance  seen  in  some  cases  of 
pernicious  ana3mia.  when  the  latter  is  characterised  by  excessive  pigmenta- 
tion. The  medullary  cavity  was  enlarged,  the  osseous  trabecule,  and  even 
much  of  the  compact  bone  itself,  being  extensively  absorbed.  In  these 
acute  cases,  the  marrow,  under  the  microscope,  shewed  advanced  degenera- 
tive changes,  generally  of  the  nature  of  gelatinous  degeneration,  the 
previously  proliferated  hemopoietic  cells  having  undergone  extensive 
atrophy,  and  the  marrow  exhibiting  large  numbers  of  actively  phagocytic 
cells  containing  blood-cells  and  pigment.  The  occurrence  of  megalo- 
blasts  was  not  uncommon,  and  in  five  cases  examined,  the  eosinophil  cells 
in  the  marrow  shewed  distinct  increase  in  number.1  These  changes 
point  to  the  action  of  some  actively  toxic  agent,  which  at  first  produces 
a  leucoblastic  reaction  :  and  later,  as  anaemia  is  established,  a  supervening 
erythroblastic  change.  The  marrow  then  becomes  exhausted,  and  under- 
goes the  degenerative  change  above  noted.  In  the  more  chronic  cases, 
similar,  but,  as  a  rule,  less  pronounced,  changes  were  found. 

The  clinical  examination  of  the  blood  gives,  in  many  cases,  very  little 
indication  of  the  marked  marrow-changes  present.  Most  authors  who 
deal  with  the  blood-condition  note  the  occurrence  of  a  mild,  or  occasion- 
ally severe,  anaemia,  "  chlorotic  in  type,"  sometimes  with  relative 
lymphocytosis.2    The  eosinophils  may  be  increased  in  some  cases. 

The  peri-  and  endo-cardium  are  often  affected,  but  whether  from 
the  direct  action  upon  them  of  the  altered  and  increased  thyroid  secre- 
tion, or  by  its  indirect  action  rendering  them  more  liable  to  acute 
rheumatism,  has  not  yet  been  determined .  Death,  in  these  cases,  is  not 
infreqently  due  to  pericarditis;  and  endocarditis  is  also  by  no  means 
uncommon.  The  simultaneous  occurrence  of  mitral  and  tricuspid 
stenosis  in  several  cases  of  exophthalmic  goitre  has  been  noted  by 
Greenfield. 

Degenerative  changes  in  the  nervous  system  have  also  been  described, 

1  Carnegie  Dickson,  The  Bone-Marrow,  Longmans,  Green  &  Co.,  London,  1008, 
pp.  62  and  51. 

2  Ewing,  Clinical  Pathology  of  the  Blood,  Kimpton,  London,  1904,  p.  387 ;  and 
Cabot,  Clinical  Examination  of  the  Blood,  Longmans,  Green  &  Co.,  London,  1904. 
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e.  g.  in  the  cervical  and  other  ganglia  of  the  sympathetic  system,  and  also 
in  the  medulla.  Bruce  and  Pirie  have  described  degenerative  lesions  in 
the  intermedio-lateral  tract  of  spinal  nerve-cells  in  the  upper  dorsal 
region,  which  they  associate  with  the  abnormalities  of  sweating  frequently 
observed  in  this  disease. 

ATHYREA  and  HYPOTHYROIDISM —Partial  or  complete  absence 
of  thyroid  secretion  leads  to  extremely  important  changes  in  the  nutrition 
of  the  tissues,  and  may  be  discussed  under  three  types  : — 

1.  Congenital  Athyrea,  or  Cretinism. 

2.  Operative  Athyrea,  or  the  experimental  or  therapeutic  removal 

of  the  gland,  in  whole  or  in  part. 

3.  Degenerative  Athyrea,  or  Myxcedema. 

1.  CONGENITAL  ATHYREA,  or  CRETINISM.— In  this  and  allied 
conditions,  the  thyroid  gland  is  either  entirely  absent,  or  has  undergone 
early,  and  perhaps  complete,  atrophy.  The  tissues  of  the  infant  are, 
therefore,  deprived  of  the  influence  of  its  secretion  during  the  period  at 
which  their  growth  should  be  most  active.  As  a  result,  the  cretin  is 
stunted  both  in  body  and  in  mind,  i.  e.  the  condition  is  one  of  defective 
development  with  idiocy,  the  central  nervous  system,  bones,  connective 
tissues,  and  skin,  being  especially  affected.  The  skin  is  lax,  dry,  and 
harsh,  the  hair  scanty,  and  dentition  delayed  and  imperfect.  Pads  of 
redundant  subcutaneous  fat  are  usually  present,  especially  above  the 
clavicles.  The  tongue  is  large  and  may  be  protruding,  the  abdomen 
is  prominent,  and  the  limbs  are  stunted  in  their  growth. 

Cretinism  may  be  sporadic,  associated  with  absence  or  early  atrophy 
of  the  thyroid:  or  endemic,  usually  due  to  goitrous  degeneration.  The 
latter  type  is  again  subdivided  into  the  myxcedematous,  in  which  the 
parathyroids  survive,  the  commonest  type  in  Europe,  and  the  nervous, 
in  which  they  are  also  involved.  Heredity,  or  family  predisposition 
to  the  disease,  has  been  observed  in  some  instances.  The  symptoms  of 
congenital  cretinism,  even  with  complete  athyrea,  may  not  shew  until 
some  little  time  after  birth.  Cretins  are  specially  liable  to  be  attacked 
by  infective  disease,  the  symptoms  of  which  may  be  masked,  sometimes 
to  an  extraordinary  extent.  Thus,  in  one  case  examined  by  Carnegie 
Dickson,  a  cretin  child,  sitting  up  in  bed  playing  with  its  toys  and  not 
shewing  any  symptoms  unusual  to  it,  suddenly  fell  back  dead,  and  was 
found  on  post-mortem  examination  to  have  well-marked  tuberculous 
meningitis,  of  which,  during  life,  it  shewed  no  symptoms  obvious.  In 
like  manner,  the  symptoms  of  other  forms  of  meningitis,  as  well  as  of 
pneumonia,  general  tuberculosis,  etc.,  may  be  masked  in  cretins. 

Occasionally,  a  similar  condition  of  athyrea  may  supervene  in  previously 
healthy  children,  e.  g.  about  the  age  of  four  or  five.  This  has  been  termed 
juvenile  myxcedema,  and  is  due  to  atrophy  of  the  thyroid  gland,  perhaps 
after  an  attack  of  some  acute  infective  fever. 
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2.  OPERATIVE  ATHYREA. — Unless  the  secretion  of  the  thyroid 
has  previously  become  diminished  or  much  modified  by  disease,  the 
complete  removal  of  the  gland  produces  very  acute  symptoms,  though 
these  depend,  to  a  considerable  extent,  on  the  species  of  the  animal  and 
its  age,  young  animals  being  much  more  susceptible.  Thus,  experi- 
mental thyroidectomy  in  animals,  e.g.  cats  or  monkeys,  leads  to  acute 
nervous  symptoms,  such  as  convulsions,  tetany,  etc. ;  and  apathy,  coma, 
and  death  may  supervene  in  the  course  of  a  few  days  or  weeks.  These 
symptoms  are  due,  in  part,  to  the  concurrent  removal  of  the  parathyroid 
glands,  and,  if  these  are  left,  the  symptoms  are  much  less  severe,  and 
tetany  does  not  necessarily  supervene.  If  such  animals,  e.g.  the  monkeys, 
be  kept  warm,  they  may  survive  the  immediate  effects  of  removal,  and 
may  develop  typical  symptoms  of  myxoedema  (Forsley).     Thyroidectomy 


Fig.  382. — Section  of  Thyroid  Gland,  From  a  case  of  Myxoedema,  shewing  atrophy  of 
the  glandular  tissue,  with  fibrosis,  and  collections  of  small  round  cells  around  duct- 
like structures,     x  50. 


in  the  human  subject  has  frequently  been  performed  for  tumour  of  the 
gland  and  in  cases  of  exophthalmic  goitre,  the  subsequent  history  of  such 
cases  varying  greatly.  Even  a  small  piece  of  the  gland  left  behind  at  such 
operation  may  avert  the  acute  phenomena  already  described  as  occurring 
in  the  lower  animals,  but,  in  some  cases  so  treated,  these  have  supervened. 
3.  DEGENERATIVE  ATHYREA,  or  MYXCEDEMA.— Although  acute 
forms  of  this  disease  occur,  the  condition  is  much  more  commonly 
a  chronic  one  in  character.  It  is  a  slow  and  progressive  atrophy  of  the 
gland — often  more  marked  upon  the  right  side — followed  by  secondary 
changes  in  the  various  tissues  of  the  body.  The  thyroid  itself  may  be 
reduced  to  a  mere  mass  of  fibrous  tissue,  all  the  glandular  structure 
having  disappeared.    The  degenerative  changes,  in  some  cases,  begin 
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by  an  invasion  of  the  stroma  with  numerous  small  round  cells,  which 
produce  an  appearance  like  that  of  an  adenoid  tissue.  In  other  cases, 
nothing  may  be  found  except  structures  resembling  the  remains  of 
ducts,  scattered  amongst  fibrous  tissue,  no  glandular  cells  surviving 
(see  fig.  382). 

These  changes  may  come  on  insidiously  and  with  no,  as  yet  as- 
certainable, cause;  but,  in  some  instances,  they  follow  certain  other 
conditions  of  the  gland,  e.g.  exophthalmic  goitre.  In  such  cases,  the 
degenerative  changes  supervene  upon  a  previous  enlargement  and 
increased  activity.  These  cases,  therefore,  often  present  a  varying 
symptom-complex  allied  to  both  conditions.  A  similar  atrophv  of  the 
gland,  with  development  of  myxcedematous  symptoms,  sometimes 
supervenes  in  cases  of  exophthalmic  goitre  in  which  the  thyroid  has 
been  exposed  to  an  excessive  course  of  X-ray  treatment. 

Myxcedema  occurs  much  more  frequently  in  females  than  in  males, 
the  proportion  given  by  Osier  being  6:1.  A  predisposition,  or  increased 
liability,  to  disease  of  the  thyroid  gland,  may,  in  some  cases,  be  observed 
among  members  of  the  same  family,  and  numerous  instances  in  which 
cases  of  myxcedema  and  of  exophthalmic  goitre  have  thus  occurred  are 
recorded. 

Secondary  Changes  in  the  Other  Organs  and  Tissues  in  Myxcedema. 
The  skin  and  subcutaneous  tissues  are  specially  affected.  The  skin  is 
dry  and  pale,  and  often  presents  a  somewhat  yellowish  tint.  There 
is  atrophy  of  the  sweat-  and  sebaceous  glands  and  hair-follicles,  the 
hair  becoming  coarse  and  scanty.  There  is  accumulation  of  gelatinous- 
looking  material  in  the  subcutaneous  tissues — probably  a  mucoid  de- 
generation of  the  connective  tissue  (see  p.  51) — due  to  interference  with 
both  the  formative  and  the  absorptive  processes  normally  occurring  in 
the  tissues.  Similar  changes  take  place  in  the  lips,  tongue,  etc.,  and  the 
features  have  a  puffy,  bloated  appearance,  which  may,  at  first  sight,  be 
mistaken  for  a  symptom  of  Bright 's  disease.  The  fullness  of  the  skin  and 
subcutaneous  tissue  is,  however,  not  due  to  mere  oedema ;  it  does  not  pit 
on  pressure;  and  other  differences,  e.g.  in  distribution,  may  be  noted. 
There  is  frequently  a  localised  malar  flush;  and  the  supraclavicular  pads, 
already  noted  as  common  in  cretinism,  are  also  usually  present  in 
myxcedema. 

The  connective-tissue  framework  of  the  various  organs  and  tissues  of 
the  body  may  exhibit  changes  similar  to  those  found  in  the  subcutaneous 
tissue.  The  peripheral  nerves  may  shew  degeneration  of  their  nerve-fibres, 
and  there  is,  very  commonly,  an  accompanying  myxomatous  change  in 
their  connective-tissue  sheaths  (see  Chapter  on  Nervous  System,  p.  1017). 
Degenerative  and  atrophic  changes  are  also  found  in  the  central  nervous 
system,  e.  g.  subacute  general  chromatolysis  of  nerve-cells  (Brim  and  Mott). 

Metabolic  processes  are  sluggish,  oxygen-intake  and  nitrogen-output 
are    decreased;  the  body-temperature    is    lowered,   there   is   increased 
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tolerance  for  sugar,  and  the  sexual  functions  are  diminished  or  in 
abeyance. 

The  most  remarkable  feature  in  cases  of  the  various  forms  of  athyrea 
is  the  rapid  improvement,  and  perhaps,  if  not  too  long  delayed,  the 
complete  disappearance  of  the  symptoms  of  the  disease,  on  the  con- 
tinuous administration  of  thyroid  gland,  either  in  the  form  of  fresh  or 
dried  gland,  or  as  an  extract. 

One  point  of  importance,  which  has  been  specially  emphasised  by 
Greenfield,  is  the  increased  liability  of  myxoedematous  patients  to  become 
the  subjects  of  tuberculosis,  which  may  run  a  very  rapid,  "  latent  "  course, 
i.  e.  may  give  rise  to  little  or  no  clinical  evidence  of  its  presence. 

The  blood-condition  in  myxoedema  is  usually  one  of  progressive 
anaemia,  secondary  in  type,  and  occasionally  accompanied  by  slight 
leucocytosis.  A  few  nucleated  red  cells  may  be  found,  and  an  increase 
in  the  size  of  the  individual  red  cells  has  been  described.  The  bone- 
marrow,  in  two  cases  examined  by  one  of  the  authors,  shewed  very 
extensive  mucoid  or  gelatinous  degeneration,  with  great  diminution  in 
the  number  of  the  hemopoietic  cells.  In  one  of  these  cases,  which  died 
of  pneumonia,  there  was  little  or  no  leucoblastic  reaction  in  the  tissue. 
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DISEASES  OF   THE   PARATHYROID  GLANDS 

The  Parathyroids  are  two  pairs  of  minute  glands  which,  in  man,  are  usually 
closely  attached,  one  pair  on  each  side,  to  the  outer  margins  of  the  la* 
lobes  of  the  thyroid,  the  upper  pair  being  frequently  entirely  embedded  in  the 
thyroid  substance.  Their  functions  are  usually  regarded  as  independent 
and  distinct  from  those  of  the  thyroid,  as  is  also  their  developmental  origin 
from  the  third  and  fourth  visceral  pouches,  from  which  the  thymus  also  is 
derived.  Intermingling,  or  inclusion  one  within  the  other,  of  the  eleu 
of  thyroid,  parathyroids,  and  thymus  occasionally  occurs. 

In  structure,  the  Parathyroids  consist  of  epithelial  cells,  sometimes  com- 
pact, sometimes  divided  up  into  lobules  by  strands  of  connective  tissue ;  and, 
occasionally,  small  vesicles  containing  colloid  occur.  These  glands  have  a 
very  abundant  blood-supply. 

If,  in  the  lower  animals,  all  the  parathyroids  are  removed,  death  usually 
supervenes  in  a  few  days  or  wTeeks,  paroxysms  of  clonic  contraction  of  the 
muscles,  exaggeration  of  the  reflexes,  gasping  respiration  and  quickened  pulse, 
being  among  the  characteristic  symptoms.  In  man,  on  the  other  hand,  the 
muscular  contractions  tend  to  become  tonic  rather  than  clonic,  associated  with 
diminution  of  the  respirations  and  of  the  frequency  and  force  of  the  heart-beats, 
and  fall  of  body-temperature.  Total  extirpation  of  the  parathyroids  is,  there- 
fore, associated  with  a  form  of  "  tetany  "  (Tetania  parathyreopriva).  This  has 
been  proved  to  be  due  to  involvement  of  the  lower  neurones,  and  is  relieved 
by  injection  of  parathyroid  extract,  or  by  grafting  the  gland,  the  function  of 
which,  therefore,  appears  to  be  the  production  of  an  internal  secretion  or  auta- 
coid  (presumably  of  a  chalonic  or  restraining  nature)  which  tends  to  prevent 
over-excitation  or  discharge  of  nerve-cells.1  Noel  Paton  and  his  colleagues 
have  shewn  that  the  secretion  of  the  parathyroids  probably  detoxicates  or 
renders  innocuous  a  poisonous  substance  of  the  nature  of  a  guanidine- 
compound  derived  from  muscular  metabolism,  the  presence  of  which,  if  it  is 
not  removed,  leads  to  the  production  of  tetany.2 

Clinically,  various  diseases  or  syndromes  of  symptoms  have  been  attributed 
to  changes  in  the  parathyroids.  To  atrophy  or  diminished  secretion,  have 
been  ascribed  the  tetany  of  infants,  of  pregnancy  and  of  various  infective 
diseases :  and  to  enlargement  or  increased  activity  and  to  altered  secretion, 
various  nervous  diseases  such  as  myotonia  paralytica  and  myasthenia  gravis. 
The  latter  suggestion  as  yet  lacks  confirmation ;  but  the  former  is  possibly 
supported  by  the  finding  of  haemorrhage  or  some  other  lesion  in  the  glands 
of  cases  in  which  certain  forms  of  tetany  have  been  present,  as  described  by 
some  authors. 

1  Schafer,  loc.  cit.,  p.  24. 

2  See  Halliburton,  British  Medical  Journal,  March  26,  1921,  p.  450. 
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DISEASES   OF  THE   THYMUS   GLAND 

This  organ,  with  its  two  main  lobes,  subdivided  into  lobules,  whieh  consist 
of  adenoid  tissue  arranged  around  the  concentric  Hassal's  corpuscles,  reaches 
its  maximum  development  at  or  about  the  second  or  third  year  of  life ;  and, 
after  puberty,  it  normally  undergoes  gradual  atrophy.  In  the  adult,  it  is 
generally  represented  by  a  small  bilaterial  pad  of  fatty  tissue  behind  the 
manubrium  sterni  and  overlapping  the  upper  part  of  the  pericardium 
anteriorly.  The  specific  functions  of  the  organ  are  still  obscure.  Experi- 
mental work  by  Noel  Paton  and  others  has  proved  a  definite  relationship 
between  the  thymus  and  the  testes.  In  castrated  cattle,  "the  thymus  remains 
about  twice  its  normal  size,  and  its  involution  is  retarded.  If  both  testes  and 
thymus  are  removed  in  young  guinea-pigs,  their  rate  of  growth  is  retarded, 
a  result  not  produced  by  the  removal  of  either  alone. 

Persistence  of  this  gland  after  puberty  is  by  no  means  uncommon, 
and,  occasionally,  the  organ  may  shew  distinct  hyperplasia.  The  enlarge- 
ment of  the  thymus  in  lymphatism  has  already  been  described  (p.  647). 
In  exophthalmic  goitre,  the  thymus  is  very  frequently  persistent,  and 
often  markedly  enlarged  (p.  841 ;  and  fig.  379).  Diminution  in  size  occurs 
rapidly  in  starvation  and  other  forms  of  inanition. 

Acute  changes  are  not  uncommon  in  this  organ  in  children  who  have 
died  of  any  of  the  acute  infective  diseases.  Haemorrhages  may  occur  under 
similar  conditions,  and  also  in  death  from  suffocation.  Abscess  of  the 
thymus  may  be  found ;  but  post-mortem  softening  of  the  tissue,  which 
not  infrequently  supervenes  soon  after  death,  should  not  be  confused 
with  true  suppuration,  the  naked-eye  appearances  of  which  it  may 
closely  simulate.  The  organ  is  usually  involved  in  anterior  mediastinitis. 
Tuberculous  lesions,  and,  less  commonly,  syphilitic  gummata,  occur. 

Lymphomata  and  lympho-sarcomata  may  arise  from  the  thymus. 


^ 
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DISEASES  OF  THE  SUPRARENAL  OR  ADRENAL  BODIES 

Developmentally  and  physiologically,  the  suprarenal  consists  of  two  dis- 
tinct portions,  the  Cortex  and  the  Medulla.  In  man  and  other  mammals, 
tbe  medulla  is  completely  enclosed  within  the  cortex ;  but,  in  amphibia,  reptiles, 
and  birds,  they  merely  interlock;  whilst,  in  fishes,  they  remain  as  anatomically 
separate  organs.  The  cortex  is  derived  from  mesoderm-eells  of  the  genital 
ridge,  and  some  of  its  functions  are  probably  intimately  connected  with 
those  of  the  sex-glands,  and  probably  also  with  the  elaboration  of  metabolic 
substances  which  are  utilised  by  other  organs  and  tissues.  The  medulla, 
on  the  other  hand,  is  developed  from  the  same  series  of  neuroblast-cells  which 
gives  rise  to  the  sympathetic  ganglia,  and  this  portion  of  the  gland  produces 
the  extremely  important  internal  secretion  variously  termed  Suprarenal  Extract, 
Suprarenin,  Adrenalin,  or  Epinephrine,  the  chemical  nature  and  physiological 
actions  of  which  have  been  very  extensively  studied.  It  has  been  prepared 
synthetically  (ortho-dioxyphenyl-ethanol-methylamine  1),  its  most  important 
actions  being  the  constriction  of  the  majority  of  the  peripheral  arteries  (especially 
of  the  splanchnic  area  and  skin,  but  not  the  coronary  arteries  of  the  heart), 
and  the  muscular  coat  of  veins,  slowing  of  the  heart-beat  (if  the  vagi 
are  intact — otherwise  there  is  acceleration) :  its  action  on  other  involuntary 
muscular  tissue  supplied  by  the  sympathetic,  resulting,  in  some  instances,  in 
increased  contraction  (sphincters  of  the  pylorus  2  and  ileo-caecal  valve,2  spleen, 
uterus,  vagina,  vas  deferens,  retractor  penis,  dilator  pupillae),  but  in  inhibi- 
tion in  other  cases  (oesophagus,  stomach,  intestine,  gall-bladder,  urinary 
bladder).  Other  results  are  increased  flow  of  saliva  and  tears,  and  of  mucous 
secretion  of  the  mouth,  throat  and  trachea.  It  defers  muscular  fatigue,  and 
has  an  important  influence  on  pigment-cells  and  pigment-production.  Its 
local  haemostatic  action  is  well  known  and  is  now  constantly  used  in  surgery. 
Over-doses  lead  to  hyperglycaemia  and  glycosuria,  even  with  a  carbohydrate- 
free  diet,  from  its  action  on  the  liver  and  pancreas ;  and  its  prolonged  adminis- 
tration leads  to  a  form  of  arterio-sclerosis  due  to  the  long-continued  high  blood- 
pressure.  The  large  blood-vessels  near  the  heart,  probably  on  account  of 
the  relatively  small  amount  of  muscular  tissue  in  their  walls,  are  not  con- 
stricted, but  rather  undergo  passive  dilatation  due  to  the  increased  blood- 
pressure. 

In  the  human  foetus,  the  suprarenals  are  of  relatively  large  size,  owing 
to  the  greater  development  of  the  innermost  part  of  the  cortex  next  the 
medulla.  This  well-developed  boundary  zone  does  not  show  lipoid  granules, 
but,  after  birth,  the  cells  undergo  fatty  degeneration  and  disappear  by  about 
the  end  of  the  first  year  of  extra-uterine  life.  At  birth,  the  part  of  the  cortex 
superficial  to  this  boundary  zone  is  narrow,  but  gradually  enlarges  to  form 
the  adult  cortex,  as  the  foetal  boundary  zone  atrophies. 

1  Given  as  "orthodioxyphenylethylolmethylamine,"  by  Macleod,  who  notes  its 
close  relationship  to  tyrosine  and  to  a  group  of  substances  (amines) occurring  in  putrid 
meat,  and  to  which  the  active  principles  of  ergot  belong.  The  synthetic  prepara- 
tion, although  in  chemical  composition  apparently  identical  with  the  natural 
epinephrine,  is  comparatively  inert,  probably  because  it  consists  of  a  racemic 
mixture  of  kevo-  and  dextro-  forms  of  the  base.  It  may  be  rendered  physiologically 
active  by  combining  the  racemic  mixture  with  an  optically  active  acid,  fractionally 
crystallising  the  solution,  and  so  isolating  the  laevo-form,  the  action  of  which  on 
the  organism  appears  to  be  that  of  the  natural  substance. 

2  Congenital  Hypertrophic  Stenosis  of  these  sphincters  is  believed  by  some  to 
be  due  to  "  hyper -adrenalism  "  {see  pp.  747-8). 
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The  course  of  the  blood-flow  in  the  suprarenal  somewhat  resembles  that 
of  the  lymph  in  a  lymphatic  gland,  the  arteries  being  distributed  to  the  peri- 
phery like  the  afferent  lymphatics,  and  giving  rise  to  a  rich  capillary  plexus 
running  between  the  columns  of  the  zona  glomerulosa  and  zona  fasciculata. 
In  the  zona  reticularis,  these  become  large  and  sinus-like,  and,  from  the  latter, 
the  blood  passes  directly  into  the  venous  sinuses  of  the  medulla,  from  which 
it  is  collected  into  the  single  vein  which  leaves  the  hilus  like  the  efferent  lymph- 
atic. For  its  size,  the  suprarenal  has  a  more  abundant  blood-supply  than 
any  other  organ  or  tissue  in  the  body. 

On  naked-eye  examination,  the  somewhat  flattened,  triangular  bodies  with 
rounded  edges,  present,  on  section,  a  radially  striated,  yellow-ochre-coloured 
cortex,  the  tint  of  which  usually  becomes  darker  as  age  advances.  The  med- 
ulla or  central  portion  of  the  gland  varies  greatly  in  bulk,  and  is  often  opaque 
pearly-white  in  appearance,  though  in  many  cases  it  may,  from  the  presence 
of  pigment,  present  a  dark-brownish  tint.  On  microscopical  examination, 
the  cortex  may  usually  be  differentiated  into  three  zones,  the  epithelial  cells 
immediately  beneath  the  capsule  being  arranged  in  thick,  inter-communicating 
columns  bent  on  themselves  at  the  surface  into  narrow  loops  or  arches  with 
their  convexity  outwards.  Towards  the  surface,  sections  of  these  columns  or 
cell-groups  form  more  or  less  rounded  or  oval  masses,  and  this  layer  is  therefore 
called  the  zona  glomerulosa.  When  traced  inwards,  the  columns  become 
more  regularly  distributed  into  the  narrower,  radially  arranged  columns 
of  the  zona  fasciculata,  which  constitutes  the  main  bulk  of  the  cortex.  The 
deepest  layer  of  the  cortex — the  zona  reticularis — is  formed  of  a  meshwork 
of  branching  and  anastomosing  columns  of  cells  which  are  usually  rich  in 
pigment.  In  the  human  subject,  these  various  layers  run  gradually  into  one 
another.  The  cortical  cells  are  extremely  rich  in  fatty  and  lipoid  substances. 
The  medulla,  or  central  portion  of  the  gland,  contains  numerous  thin-walled, 
dilated,  venous-capillary  spaces,  into  which  the  blood  from  the  cortex  directly 
flows.  Between  these  lies  a  reticular  stroma,  in  which  are  embedded  groups 
of  polyhedral  or  irregular  cells,  which  are  clearer  and  more  vacuolated  than 
those  of  the  cortex.  They  are  arranged  in  irregularly  anastomosing  columns, 
surrounding  large  blood-sinuses  which  are  continuous  with  those  of  the  zona 
reticularis.  ;'  The  Medulla  is  better  described  as  a  solid  cell-mass  permeated 
by  sinus-like  blood-vessels  with  the  cells  compactly  arranged  between  and 
around  them."  1  These  cells  are  rich  in  granules,  especially  those  having  a 
special  affinity  for  chromic  acid  and  its  salts,  by  which  they  are  stained 
brown  or   yellowish-brown,  and  hence  termed  chromaffine  or  chromaphil. 

DEVELOPMENTAL  ABNORMALITIES.— The  most  important  of 
these  is  the  occurrence  of  Accessory  Suprarenals,  which  may  consist  of 
cortex  alone,  medulla  alone,  or  a  combination  of  both.  They  usually 
vary  from  the  size  of  a  pin's-head  to  that  of  a  pea  or  a  bean.  They  are 
situated  most  frequently  in  the  immediate  neighbourhood  of  the  main 
suprarenal ;  but  they  may  be  found  on  the  surface,  or  in  the  substance, 
of  the  kidney,  or,  more  rarely,  of  the  liver,  along  the  abdominal  aorta, 
and  even  in  the  broad  ligament,2  in  the  walls  of  hernial  sacs 
(MacLennan),   or  in  connection   with  the    epididymis;   and,   in   these 

1  Schafer,  loc.  cit.,  p.  54. 

2  In  the  ovary,  the  corpora  lutea,  or  lutein-bodies,  of  menstruation  and  preg- 
nancy have,  on  account  of  their  yellow-ochre  colour,  not  infrequently  been  mistaken 
for  suprarenal  "  rests  "  and  tumours.  They  are,  of  course,  a  normal  phenomenon  in 
the  ovary,  following  the  discharge  of  the  ovum  from  its  ovisac,  though  tumours 
occasionally  arise  from  them. 
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various  positions,  they  may  give  rise  to  tumour-formation  (see  pp.  853, 
865:  and  also  pp.  271,  273).  Such  aberrant  suprarenals  consist,  as  a 
rule,  mostly  of  cortex,  and  may  be  recognised  by  their  characteristic 
ochre-yellow  colour.    A  varying  amount  of  medulla  may  occur  in  the 


Fig.    383. — Greatly   Enlarged   Suprarenals  from   a   pseudo -hermaphrodite  infant, 

5  weeks,  believed  by  its  parents  to  be  a  male.  The  clitoris  is  enlarged  and  simulates 
a  penis  with  its  prepuce.  (Ut.  Fundus  of  Uterus.  Or.  Ovaries.  Bl.  Bladder.  K. 
Rectum.)  Each  kidney  and  suprarenal  is  cut  coronally  and  both  halves  are  shewn. 
The  lower  left-hand  figure  shews  the  perineum,  from  anus  to  clitoris.  (Carnegie 
Dickson  and  Eraser's  case,  described  by  Berry  Hart,  Kdin.  Med.  Jour.,  Oct.  1914.) 


larger  "  rests " ;  whilst  accessory  glands  consisting  of  medulla-like 
structure  alone  are  known  as  chromaffine  bodies  or  paraganglia.  It  is 
interesting  to  note  that  the  Carotid  Body  or  Carotid  Gland  is  of  similar 
nature. 

Absence  of  the  foetal  boundary  zone  has  been  noted  in  the  anencephalous 
foetus  (Elliott  and  Armour),  and  it  has  been  suggested  that  this  layer 
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may  have  some  influence  on  the  development  of  the  cerebral  hemispheres, 
and  upon  the  formation  of  the  myelin  of  medullated  nerve-fibres. 

Persistence  of  the  boundary  zone  and  hypertrophy  of  the  cortex  may 
be  associated  with  sexual  precocity  and  other  abnormalities,  especially 
pseudo-hermaphroditism  (see  fig.  383),  whilst  castration  is  said  to  lead 
to  cortical  hypertrophy.  Malposition  of  the  entire  suprarenal  gland  may 
occur  in  some  cases,  and  the  organ  may  be  partially,  or  even  entirely, 
embedded  in  the  adjoining  kidney.  The  right  suprarenal  may  similarly 
be  found  on  the  surface,  or  in  the  substance,  of  the  fiver.  In  cases  of 
displacement  and  malposition  of  the  kidney,  the  suprarenals  usually  do 
not  accompany  the  kidneys,  but  are  found  in  their  normal  position. 

ATROPHY. — Minor  degrees  of  atrophy  are  common  in  various 
conditions  characterised  by  wasting  of  the  body-tissues  generally. 
For  the  pathological  lesions  and  the  important  syndrome  of  symptoms 
found  in  Addison's  Disease,  see  p.  852.  Slighter  grades  of  suprarenal 
inadequacy  are  not  uncommon,  but  are  of  clinical,  rather  than  of 
pathological-,  interest.  In  such  cases,  as  well  as  in  Addison's  Disease, 
there  may  be  increased  sugar-tolerance. 

FATTY  DEGENERATION  is  often  well  marked.  The  yellow  cortex 
normally  contains  a  considerable  proportion  of  fat;  and,  in  old  age 
and  in  many  diseases,  this  is  markedly  increased  in  amount,  constituting 
a  condition  of  fatty  degeneration. 

WAXY,  or  AMYLOID,  DEGENERATION  is  often  well  seen  in  these 
glands.  It  occurs  from  the  usual  causes,  and  shews  the  ordinary  method 
of  distribution  of  the  disease,  i.  e.  in  the  connective  tissue  of  the  small 
arteries,  etc. 

PIGMENTARY  CHANGES  are  common,  especially  in  old  persons, 
the  colour  of  both  cortex  and  medulla  becoming  much  darker,  apparently 
from  increase  in  their  normal  pigment. 

ACUTE  CHANGES,— Cloudy  Swelling  is  often  well  marked  in  the 
acute  infective  fevers  and  septicaemias.  Focal  Necrosis  may  occur. 
Abscesses  are  comparatively  rare  in  the  suprarenals,  but,  when  found, 
may  attain  to  a  considerable  size. 

Acute  hyperemia  of  the  glands — especially  of  their  medullary  por- 
tions, which  may  become  much  softened — occurs  in  acute  infective 
diseases;  and  haemorrhages  are  not  uncommon,  especially  in  some 
of  the  acute  infective  conditions  such  as  scarlet  fever,  diphtheria, 
and  cerebro-spinal  fever,  and  in  blood-  and  other  diseases.  Such 
haemorrhage  may  be  severe,  causing  destruction,  especially  of  the 
medulla,  and  producing  a  haemorrhagic  distension  of  the  gland,  resem- 
bling a  cyst. .  These  haemorrhages  are  sometimes  bilateral,  and  have  been 
described  as  occurring  in  newly-born  infants. 

SYPHILITIC  CHANGES,  though  rare,  do  sometimes  occur,  especially 
in  congenital  syphilis,  in  which  gummatous  masses  are  occasionally 
found  in  the  suprarenals. 

TUBERCULOSIS  of  the  suprarenals,  in  some  of  its  forms,  is  very 
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important.  The  lesions  in  these  organs  may  be  part  of  a  more  wide- 
spread tuberculosis,  or  the  suprarenals  may  be  affected  alone.  Small 
miliary  tubercles  may  be  found  in  general  tuberculosis,  especially  in 
children,  and  are  of  themselves  of  no  special  importance.  In  the  adult, 
lesions  varying  in  size  from  such  small  acute  miliary,  up  to  larger 
caseous,  areas  may  be  found,  and,  as  long  as  these  are  scattered,  they  lead 
to  no  immediately  serious  results ;  but,  when  the  condition  becomes  more 
advanced,  as,  for  example,  in  chronic  caseous  tuberculosis  of  the  greater 
part  of,  or  the  entire,  gland  on  both  sides,  it  tends  to  produce  Addison's 
disease,  owing  to  destruction  of  the  glandular  tissue  and  consequent 
loss  of  the  function  of  the  gland. 

ADDISON'S  DISEASE  is,  in  the  majority  of  cases,  associated  with 
the  destruction  of  both  suprarenal  bodies,  with  loss  of  their  special  internal 
secretion.  Such  destruction  is  usually  caused,  as  above  mentioned,  by 
chronic  caseous  tuberculosis,  or,  more  rarely,  by  chronic  fibrous  atrophy 
of  the  organs.  An  analogous  acute  condition,  leading  to  a  fatal  issue, 
may  be  produced  experimentally  in  animals  by  the  complete  removal  of 
the  glands.  Cases  in  which  both  suprarenals  have  been  removed,  or 
destroyed  by  disease,  without  the  production  of  Addisoman  symptoms 
may  possibly  be  accounted  for  by  the  presence  of  accessory  suprarenals 
elsewhere,  or  by  the  functioning  of  chromaffine  tissue  elsewhere,  e.g.  in 
the  Carotid  Gland.  Minor  degrees  of  suprarenal  insufficiency  may  also 
occur  without  the  full  syndrome  of  symptoms. 

The  disease  is  commoner  in  males — usually  during  the  third  and  fourth 
decades  of  life — and  is  characterised  by  progressive  asthenia,  with  great 
general  muscular  and  cardio-vascular  weakness  with  lowered  blood- 
pressure  :  extreme  emaciation  :  gastro-intestinal  disturbances,  such  as 
nausea,  vomiting,  and  diarrhoea :  and  by  certain  important  pigmentary 
changes  in  the  skin,  mucous  membranes,  and  elsewhere.  There  is  usually 
distinct,  and  sometimes  severe,  anaemia,  though,  in  some  of  the  recorded 
cases,  there  has  been  no  marked  diminution  in  the  number  of  the  red 
cells.     The  temperature  is,  as  a  rule,  subnormal. 

The  colour  of  the  skin  varies  from  a  light  brownish-yellow  to  a  deep 
brownish-black  colour.  This  "  bronzing  "  is  due  to  an  increase  of  pigment 
in  the  deeper  part  of  the  rete  Malpighii  and  in  the  superficial  parts  of 
the  connective  tissue  of  the  corium,  especially  around  some  of  the  blood- 
vessels. It  is  usually  diffuse,  but  occasionally  finely  punctate,  the  pig- 
ment being,  for  the  most  part,  contained  in  the  cells,  but  also  lying  to 
some  extent  free  in  the  lymph-spaces.  This  pigmentation  is  usually  most 
marked  on  parts  of  the  skin  exposed  to  any  irritation  (e.  g.  the  pressure 
of  a  belt),  and  to  the  action  of  light,  e.g.  the  neck,  face,  hands,  etc.  An 
abnormal  increase  is  also  found  especially  in  positions  where  cutaneous 
pigment  normally  abounds,  viz.  in  the  axillse,  areolae  of  the  nipples, 
external  genitals,  etc.  Certain  of  the  mucous  membranes  commonly 
shew  a  patchy  brownish  pigmentation,  especially  on  the  tongue, 
the  inner  surface  of  the  lips  and  cheeks,  the  gums,  and  other  portions 
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of  the  buccal  mucous  membrane.  Patches  of  pigment  may  be  found  also 
in  the  conjunctivae,  vagina,  and,  it  is  said,  in  certain  of  the  serous 
membranes.  In  some  of  the  more  acute  cases,  the  bronzing  of  the  skin 
may  not  occur. 

The  heart-muscle  is  usually  soft  and  flabby,  and  may  show  marked 
brown  atrophy.    The  spleen  is  sometimes  enlarged  and  congested. 

Changes  in  the  suprarenals  : — 

(a)  Chronic  Tuberculosis  with  Caseation  is  the  commonest  lesion. 
Both  organs  are  affected,  though  often  in  varying  degree.  There  is 
extensive  destruction  of  the  glandular  tissue,  the  organs  being  usually 
somewhat  enlarged  and  irregular  in  shape.  The  caseous  nodules  are 
often  surrounded  by  dense  fibrous  tissue  due  to  chronic  proliferative 
inflammatory  changes,  which  tends  to  produce  adhesions  to  the 
surrounding  fat,  etc.  On  section,  they  may  be  firm  and  fibrous,  or 
softer  and  more  caseous.  Fibroid  bands  may  be  found  among  the 
caseated  debris,  and  the  latter  may  undergo  calcification. 

The  disease  is  not  necessarily  associated  with  any  tuberculous  disease 
elsewhere,  though  this  is  not  infrequently  found  in  other  parts  of 
the  body,  for  example  in  the  lungs,  joints,  spine,  glands,  etc. ;  yet,  in 
ordinary  cases  of  tuberculosis,  there  may  be  wide-spread  tubercles  through- 
out the  body  and  perhaps  none  in  the  suprarenals.  It  is,  therefore, 
difficult  to  explain  why  these  two  organs  should,  in  certain  cases,  be 
specially  attacked  by  tuberculosis,  as  they  are  far  apart  and  small  in  size. 
It  is  possible,  indeed,  that  they  are  rendered  liable  to  such  attack  by  the 
presence  of  some  other  previous,  as  yet  unrecognised,  primary  lesion. 

(b)  Chronic  Fibrous  Atrophy  may  also,  but  much  more  rarely,  produce 
the  condition  of  Addison's  disease.  This  change  is  a  chronic  fibrosis  with 
extreme  atrophy  of  the  glandular  structure,  analogous  to  the  changes 
observed  in  the  thyroid  gland  in  myxcedema.  In  such  cases,  it  is  some- 
times difficult  to  discover  the  fibrous  remains  of  the  atrophied  supra- 
renals, unless  the  arteries  be  traced  to  them. 

(c)  A  clinical  picture,  similar  to,  and  even  indistinguishable  from, 
that  of  Addison's  disease,  has  occasionally  been  found  in  certain  cases 
in  which  the  suprarenals  have  appeared  to  be  unaffected.  In  some  of 
these,  the  semilunar  ganglia  and  other  parts  of  the  solar  plexus  have  been 
the  seat  of  degenerative  conditions,  especially  fibrosis.  This  has  led  to 
the  view  that  Addison's  disease  may  be  produced  by  lesions  other  than 
those  affecting  the  suprarenal  bodies;  but  it  is  possible  that,  in  cases 
implicating  the  solar  plexus  and  neighbouring  parts,  the  vascular  or 
lymphatic  supply  of  the  suprarenals  may  have  been  interfered  with  by 
the  contraction  of  fibrous  tissue  in  the  neighbouring  structures,  and 
their  secretion  prevented  from  passing  into  the  circulation. 

TUMOURS  OF  THE  SUPRARENALS.— Both  suprarenals  are  some- 
times the  seat  of  tumours,  e.g.  adenomata,  or,  occasionally,  sarcomata. 
These,  however,  do  not  produce  the  classical  symptoms  of  Addison's 
disease,  perhaps  because  sufficient  suprarenal  tissue  is  left  in  an  actively 
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secreting  condition :  or  because  the  tumour-tissue  derived  from  the 
suprarenals  may  contain  or  produce — imperfectly  and  aberrantly,  it  may 
be — sufficient  internal  secretion  to  prevent  the  occurrence  of  the  disease. 
The  commonest  neoplasm  of  the  suprarenal  is  a  variety  of  adenoma — 
usually  arising  from  an  aberrant  portion  of  the  gland  embedded  in  the 
kidney  or,  more  rarely,  in  the  liver.  These  tumours,  arising  from  the 
suprarenals  and  suprarenal  "rests,"  in  which  the  original  structure  of 
the  organ  is  more  or  less  recognisable,  have  been  termed  hypernephro- 
mata.     Their  occurrence  in  connection  with  the  kidnev  is  described  on 


Fio.  384. — Mixed  Malignant  Tumour  of  Kidney,  probably  originating  from  the  inclusion 
or  intermingling  of  neighbouring  tissues  during  embryonic  life.  The  tumour  contains 
areas  of  imperfectly-formed  cartilage,  small  cystic  adenomatous  spaces,  and  maoBCt 
of  aberrant  suprarenal  tissue.  The  dark  areas  are  due  to  extensive  haemorrhages  into 
the  tumour.  (Edinburgh  University  Anatomical  Museum.  Catalogue  No.,  Gen.- 
U.  A.  w.  viii.  3.) 

p.  917.    They  may  be  simple  or  malignant,  and,  in  the  latter  case 
frequently  mixed  with  cartilage  and  other  tissue-elements,  forming  one 
variety  of  the  so-called  mixed  congenital  tumours  (see  fig.  384). 

To  Professor  E.  E.  Glynn,  who  has  done  much  valuable 
work  on  the  subject,  we  are  indebted  for  the  following  note  upon 
Tumours  of  the  Suprarenal: — "Primary  or  secondary  neoplasms  are 
rare.      The   three   commonest    primary   tumours    are  : — (a)    Single   oi 
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multiple  cortical  adenoma.     Occasionally,  diffuse  bilateral  hyperplasia  of 

both  cortices  occurs — sometimes  in  pseudo-hermaphroditism  (see  fig.  383). 
(b)  Gliosarcoma  or  neurocytoma,  derived  from  the  medulla :  it  is 
invariably  malignant,  and,  in  children,  frequently  produces  cranial 
metastases,  sometimes  with  exophthalmos  (Hutchinson's  type) :  or,  if 
it  occurs  congenitally,  infiltrations  in  the  liver  (Pepper's  type).  These 
growths,  when  stained  by  the  usual  methods,  resemble  a  small  round- 
celled  sarcoma,  (c)  Suprarenal  Hypernephroma  or  '  Carcinoma '  (many 
authors  call  them  '  sarcomas  ') — these  tumours  may  produce  change  in 
secondary  sex-characters,  or  Suprarenal  'Virilism.'  In  children,  there  is 
probably  invariably  precocious  growth,  usually  obesity,  hirsutes,  i.  e. 
premature  growth   of  pubic  hair  and  often  abnormal  development   of 


Fig.  385. — Microscopical  Appearance  of  certain  suprarenal  tumours  (stained 
with  hematoxylin  and  eosin). 

(Lent  by  Professor  Ernest  Glynn,  Liverpool.) 

1.  Suprarenal  Cortical  Tumour,  simple  or  typical.      X  300. 

2.  Suprarenal  Cortical  Tumour,  malignant  or  atypical.      X  200. 

3.  "  Renal  Hypernephroma."      X  300. 

4.  Suprarenal  Medullary  Tumour  or  Neurocytoma,  i.e.  composed  of  nerve- 

tissue.     X  300. 


hair  on  the  face  and  body,  also  hypertrophy  of  the  external  genitals, 
but  rarely  sexual  precocity;  in  women,  before  the  menopause,  facial 
hirsutes  is  common,  menstruation  may  cease,  the  uterus,  ovaries  and 
breasts  may  atrophy,  and,  occasionally,  the  voice  cracks. 

"  The  tendency  of  cortical  enlargement  to  increase  *  maleness  '  is 
emphasised  by  their  much  greater  frequency  in  female  than  in  male 
pseudo-hermaphrodites . 

"  Chiefly  owing  to  the  development  of  the  cortex  from  mesothelium. 
these  tumours  may  resemble  either  cancer  or  sarcoma — occasionally 
both  in  the  same  section;  some  indefinitely  recall  the  structure  of  the 
suprarenal  cortex ;  but  all  are  unlike  the  ordinary  '  renal  hyper- 
nephroma.' Adami  classifies  them  as  mesotheliomas.  The  majority 
are  malignant." 
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DISEASES   OF  THE    PITUITARY   BODY 

(Hypophysis  Cerebri) 

The  hypophysis  cerebri  is  a  small,  somewhat  flattened,  greyish-red  body, 
which  lies  in  the  pituitary  fossa  or  sella  turcica  of  the  sphenoid  bone  at  the 
base  of  the  skull.  It  consists  of  a  larger,  anterior  or  glandular,  stomatodseal 
portion ;  in  intimate  relation  with  which  lies  the  smaller,  posterior  part,  which 
is  connected  with  the  floor  of  the  third  ventricle  by  a  delicate,  soft,  easily- 
ruptured  stalk  of  nervous  tissue — the  infundibulum.  Both  of  these  portions 
arise  originally  as  hollow  diverticular  processes,  the  lumina  of  which,  in 
course  of  time,  in  the  human  subject,  usually  become  obliterated;  though 
parts  of  them — especially  that  of  the  glandular  portion — sometimes  persist, 
and  may  occasionally  become  distended  and  form  cysts,  the  lining  cells  of 
which  may  shew  cilia.  In  its  phylogenesis,  the  gland  is  originally  an  organ 
which  is  situated  at  the  anterior  end  of  the  central  nervous  canal,  into  which 
it  poured  its  secretion. 

On  microscopical  examination,  the  area  anterior  to  the  original  cleft  or 
diverticular  hollow  of  the  glandular  portion,  or  pars  glandularis,  consists  of 
alveolar  spaces  loosely  filled  with  glandular  epithelial  cells.  Some  of  these 
cells  are  clear  and  non-granular  (chromaphobe),  but  the  larger  number  are 
granular  and  stain  well  (chromaphil).  The  majority  of  the  granular  cells 
exhibit  a  marked  oxyphil  or  eosinophil  reaction  to  acid  dyes  such  as  eosin, 
whilst  in  others  the  granules  are  more  basophil.  Fine  fatty  globules  are  also 
present  in  most  of  the  cells.  Between  the  alveoli,  there  is  a  very  rich  plexus 
of  blood-capillaries  or  sinus-like  spaces,  and  also  lymph-spaces,  the  lymphatic 
vessels  from  which  join  those  in  the  fibrous  tissue  of  the  capsule.  The  narrow 
layer  of  glandular  tissue  lying  between  the  original  cleft  and  the  posterior 
lobe  of  the  organ  forms  an  intermediate  or  boundary  layer,  or  pars  intermedia, 
in  which  the  cells  are  often  arranged  in  more  distinct  acini,  in  the  form  of 
closed  vesicles,  some  of  which  may  become  distended  with  a  colloid  substance, 
giving  the  spaces  a  morphological  resemblance  to  those  of  the  thyroid  gland. 
The  cells  of  the  pars  intermedia  may  intermingle  to  some  extent  with  the 
adjacent  neuroglia-fibres  of  the  pars  nervosa,  as  far  as  the  continuation  of 
the  third  ventricle  into  the  infundibular  stalk;  and  do  not  possess  coarse 
eosinophil  granules. 

The  posterior  portion,  sometimes,  because  of  its  embryological  origin, 
termed  the  "  nervous  "  lobe,  or  pars  nervosa,  consists  of  a  loose  stroma,  chiefly 
composed  of  neuroglia-fibres,  in  which  are  embedded  numerous  spindle-shaped 
and  irregular,  branching  cells,  many  of  which  contain  granules  of  pigment. 
Herring  regards  these  cells  as  neuroglial,  and  denies  the  occurrence  of  nerve- 
cells  described  by  some  writers. 

CONGENITAL  ABNORMALITIES. — In  addition  to  various  cysts  which 
may  arise  from  the  persistence  within  the  organ  itself  of  the  primitive  intra- 
glandular  cleft,  traces  of  the  original  connection  with  the  buccal  ectoderm 
may  be  occasionally  found,  e.  g.  under  the  mucous  membrane  of  the  pharynx 
as  the  so-called  pharyngeal  hypophysis  :  within  the  bone  of  the  basi-sphenoid  : 
or  in  the  dura  lining  the  sella.  These,  in  rare  instances,  give  rise  to  tumours 
or  cysts. 

INTERNAL  SECRETIONS  PRODUCED  BY  THE  PITUITARY.— Though 
they  probably  exist,  and  have  an  important  bearing  on  the  development  of 
the  bones  and  other  tissues  of  growing  animals,  no  definite  autocoids 
have    as  yet  been   demonstrated  in   the  anterior   portion;    but   from  the 
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posterior  lobe,  including  the  pars  intermedia,  the  active  principles  have  been 
extracted,  and  are  sold  commercially  as  pituitrin  or  hypophysin.  These  contain 
probably  more  than  one  autacoid,  though  some  authorities  regard  the  results 
produced  as  due  to  the  varied  action  of  one  substance.  Its  injection  produces 
a  marked  rise  of  blood-pressure,  with  contraction  of  vessels,  including  those 
of  the  heart  and  lungs,  due  to  direct  stimulation  of  their  muscle :  increase 
in  the  force  of  the  individual  heart-beats,  even  if  the  vagi  are  cut  or  paralysed  : 
contraction  of  the  plain  muscular  tissue  of  the  stomach,  intestine,  bladder 
and  uterus :  dilatation  of  the  renal  vessels,  and  increased  secretion  of  urine 
due  to  direct  stimulation  of  the  kidney-cells :  increased  secretion  of  cerebro- 
spinal fluid  (Herring  is  of  opinion  that  the  secretion  of  the  pars  intermedia 
finds  its  way  into  the  cerebro-spinal  fluid) :  and  increased  flow  of  milk,  from 
contraction  of  the  alveolar  walls  and  ducts,  without  special  increase  in  its  daily 
amount :  and  dilatation  of  the  pupil.  Glycogen  disappears  from  the  iiver. 
Medicinally,  pituitary  extract  is  valuable  in  the  treatment  of  surgical  shock, 
post-anaesthetic  collapse,  and  intestinal  and  uterine  inertia,  etc.,  its  action 
being  a  direct  one  upon  the  involuntary  muscle-fibres  themselves.  After 
removal  of  the  thyroid,  the  pituitary  becomes  enlarged  and  altered,  the 
colloid-containing  vesicles  usually  developing,  and  the  pars  intermedia  shew- 
ing increased  activity  in  the  production  of  the  hyaline  and  granular  masses 
which  pass  from  it  through  the  pars  nervosa  into  the  infundibular  extension  of 
the  third  ventricle.  There  are  also  intimate  connections  between  the  functions 
of  the  pituitary  and  those  of  the  suprarenals,  pancreas,  liver,  and  sex-organs. 
During  pregnancy  and  menstruation,  the  pituitary  undergoes  marked  en- 
largement. The  feeding  of  poultry  on  anterior  pituitary  substance  has 
been  found  to  increase  greatly  their  egg-laying  capacity. 

Experimental  extirpation  of  the  gland  in  animals  has  proved  that  the 
organ  is  essential  to  life.  Complete  removal  of  the  anterior  lobe  is  speedily 
fatal;  but  extirpation  of  the  posterior  nervous  part  alone  does  not  appear 
to  cause  any  very  profound  disturbance,  even  after  several  months.  When 
the  whole  gland  has  been  removed,  death  occurs  in  a  few  days,  the  animal  be- 
coming lethargic  and  refusing  food,  losing  muscular  tone,  respirations  and  pulse 
becoming  slow  and  feeble,  temperature  subnormal,  and  coma  supervening. 
In  cases  of  incomplete  removal  in  young  animals,  development  is  markedly 
retarded,  the  animals  remaining  small,  dull  and  apathetic,  the  sexual  organs 
infantile,  and  ossification  imperfect,  but  with  a  marked  tendency  to  the 
occurrence  of  adiposity,  and  increased  toleration  of  sugar — the  secretion  of 
the  posterior  lobe  being  "  essential  to  effective  carbohydrate  metabolism  " 
(Gushing) — with  glycosuria  and  polyuria,  the  latter  often  persisting  after  the 
former  has  passed  off.  See  and  compare  statements  under  "  Hypopitui- 
tarism," p.  860). 

The  anterior  lobe  of  the  pituitary  gland  is  subject  to  toxic  and  other 
degenerative  changes  similar  to  those  found  in  other  glandular  organs. 
Thus,  cloudy  swelling,  focal  necrosis,  acute  and  chronic  congestion, 
haemorrhage,  waxy  degeneration,  etc.,  may  be  found  in  it.  The  most 
important  lesions  in  this  organ,  however,  are  those  associated  with  the 
disease  known  as  Acromegaly,  and  also  with  the  closely-allied  condition 
of  Gigantism.  Since  these  two  conditions  were  discovered  to  be  due  to 
the  excessive  function  of  the  pituitary  body,  a  number  of  other  obscure 
conditions  have  come  also  to  be  attributed  to  abnormalities  of  the  organ. 
Harvey  dishing  *  classifies  these  under  the  following  headings  :  Dys- 
pituitarism,  any  disorder  of  the  gland ;  this  usually  begins  with  enlargement 
1  Gushing,  The  Pituitary  Body  and  its  Disorders,  1910. 
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of  the  anterior  lobe,  accompanied  by  symptoms  due  to  excessive 
function  or  Hyperpituitarism  {see  below);  followed  eventually,  after  a 
varying  period,  often  prolonged,  by  gradual  diminution— Hypopituitarism 
—or  even  complete  loss— Apituitarism— of  the  functions  of  the  gland. 
These  will  be  best  understood  from  a  description  of  the  condition  known 
as  Acromegaly,  in  which  the  disease  supervenes  after  the  ossification  of 
the  epiphyseal  cartilages,  whereas,  in  Gigantism  on  the  other  hand,  these 
are  unossified  and  the  bones  can  still  grow  in  length. 


Fig.  38G. — Acromegaly.  Typical  case  shewing  the  characters  described  in  the  text. 
Note  especially  the  enlargement  of  hands  and  feet,  the  large  coarse  features  of 
the  face,  etc. 

ACROMEGALY  was  first  recognised  as  a  separate  disease  in  1886  by 
Pierre  Marie,  who  distinguished  it  from  such  conditions  as  myxoedema, 
osteitis  deformans,  and  leontiasis  ossea.  It  is  specially  characterised  by 
enlargement  of  the  extremities —  hands,  feet,  and  certain  parts  of  the  head 
(see  fig.  386) — (hence  the  name,  from  axoov,  a  point  or  extremity  :  ,n£yagy 
large),  the  increase  being  not  only  in  the  bones,  but  also  in  the  overlying 
soft  parts.  The  increase  of  the  hands  and  feet  is  in  breadth  and  thickness 
rather  than  in  length,  the  fingers  being  clumsy  and  sausage-shaped,  and  the 
great  toe  usually  more  markedly  enlarged  in  proportion  to  the  other  toes. 
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The  forearms  and  legs  are,  as  a  rule,  not  specially  increased.  The  bones 
of  the  skull,  and  especially  those  of  the  face,  particularly  the  jaws,  are 
enlarged,  the  lower  jaw  being  usually  most  affected,  and  often  elongated 
and  projecting  much  beyond  the  upper,  so  that  the  teeth  cannot  be 
approximated.  The  bony  prominences  and  ridges  are  exaggerated, 
and  the  skull  comes  to  resemble  somewhat  that  of  a  gorilla.  The  ears 
and  eyelids,  the  nasal  bones  and  cartilages,  and  the  lips  and  tongue,  are 
increased  in  size  and  thickness ;  and  these  various  changes,  together  with 
the  thick,  coarse  character  of  the  skin,  produce  a  very  typical  picture. 
The  skin  often  shews  numerous  warty  excrescences  and  pigmented  moles, 
and  the  hair  is  long  and  coarse.  The  spinal  column  frequently  shews 
kyphosis  or  other  type  of  curvature ;  and  the  ribs,  sternum,  and  pelvis 
are  usually  enlarged  and  thickened.  The  abdomen  is  often  protuberant, 
and  many  of  the  internal  organs,  e.g.  the  stomach,  may  shew  great 
enlargement — the  so-called  splanchnomegaly.  In  the  female,  the  uterus 
is  usually  atrophied. 

During  life,  such  cases,  as  a  rule,  present  great  muscular  weakness 
(though  there  may  be  a  preliminary  period  of  hypertrophy  and  increased 
strength),  polyuria  in  thirty  to  fifty  per  cent,  of  the  cases,  combined 
with  glycosuria  (these  two  symptoms  being  due  probably  to  involvement 
of  the  pars  intermedia),  sometimes  albuminuria,  and  excessive  perspiration. 
Bi-temporal  hemianopsia  and  headache  may  be  associated  with  the  pituit- 
ary enlargement  which  is  practically  always  present,  usually  affecting 
chiefly,  and  in  some  cases  only,  the  anterior  lobe.  This  may  be  the 
seat  of  a  simple  hyperplastic  enlargement,  with  little  apparent  alteration 
in  structure,  or,  in  other  cases,  carcinoma  or  sarcoma  may  be  present. 
Cystic  changes,  fibrous  atrophy,  and  gummatous  and  tuberculous  disease, 
have  each  also  been  described  in  certain  of  the  cases,  but  appear  to  be 
less  common  causes  of  the  disease.  The  sella  turcica  is,  as  a  rule,  very  con- 
siderably enlarged — a  fact  usually  ascertainable  on  X-ray  examination — 
and,  in  the  case  of  malignant  tumour  of  the  gland,  the  bones  and  the 
base  of  the  brain  may  become  infiltrated  by  the  growth.  Implication 
of  the  optic  tracts  or  commissure  may  lead  to  the  occurrence  of  bi-temporal 
hemianopsia  already  mentioned,  or  even  to  complete  optic  atrophy. 
If  secondary  degenerative  changes  or  hypoplasia  of  the  gland  occurs, 
the  symptoms  of  hypopituitarism  may  supervene  {see  below).  Every 
case  of  tumour  of  the  gland  need  not  necessarily  develop  acromegaly  or 
gigantism,  as  partial  or  complete  destruction  of  the  organ  may  occur  in 
place  of  increase  of  its  functions. 

In  a  proportion  of  cases  of  acromegaly,  there  are  also  lesions  present 
in  certain  other  glands.  The  thyroid  may  be  enlarged,  or  in  some  instances 
atrophied,  and  mixed  cases  of  acromegaly  and  myxcedema  have  been 
described.  The  thymus  has  been  found  persistent  and  enlarged  in  a  few 
cases,  and  changes  may  also  be  present  in  the  salivary  glands,  pancreas,  etc. 

The  blood,  in  three  cases  of  this  disease  examined  by  one  of   the 
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authors,  shewed  a  distinct  and  persistent  increase  in  the  number  of  red 
cells,  with  a  moderate  diminution  in  the  amount  of  haemoglobin,  and  a 
comparatively  low  leucocyte-count.  On  differential  examination,  the 
latter  shewed  great  diminution  of  the  small  lymphocytes,  and  a  remark- 
able increase  in  the  number  of  large  mononuclear  cells.  A  slight  increase 
in  the  number  of  mast -cells  was  also  present  from  time  to  time,  and 
occasionally  exceeded  one  per  cent,  in  individual  counts. 

GIGANTISM. — When  changes  analogous  to  those  found  in  acromegaly 
occur  in  the  pituitary  early  in  life,  before  the  ossification  of  the  epi- 
physeal cartilages  is  complete,  the  bones  may  undergo  elongation  as  well 
as  increase  in  thickness,  the  condition  of  Giantism  or  Gigantism  resulting. 
Such  "  giants  "  are  usually  delicate  and  weakly,  though  occasionally 
their  muscular  development  is  in  proportion  to  their  increased  stature. 
They  usually  die  comparatively  young;  or,  if  they  live,  they  may  later 
develop  the  typical  symptoms  of  acromegaly. 

HYPOPITUITARISM  —  Pituitary  insufficiency  may  be  due  to  disease 
or  accident  (e.g.  the  case  of  a  bullet  lodging  in  the  sella  turcica),  and 
reference  has  already  been  made  to  experimental  removal  of  the  gland. 
Hypopituitarism  is  characterised  by  the  clinical  picture  described  by 
Frohlich  in  1901,  to  which  Bartels  gave  the  name  dystrophia  adiposo- 
genitalis,  and  in  many  ways  resembling  the  results  of  incomplete 
removal  in  young  animals.  If  pituitary  insufficiency  supervenes 
before  adolescence,  the  stature  remains  small,  and  is  associated  with 
infantilism  and  adiposity,  and  the  male  may  shew  "  feminism," 
e.g.  broad  pelvis,  small  hands  and  feet,  tapering  fingers,  some  degree 
of  genu  valgum,  absence  of  beard,  hair  limited  to  the  mons  veneris,  and 
sometimes  marked  development  of  the  breasts.  In  the  female,  the  menses 
are  irregular  or  absent.  The  epiphyseal  cartilages  persist.  The  skin 
is  smooth  and  thin  and  deficient  in  secretion,  and  the  nails  are  small, 
thin,  and  with  their  lunules  absent.  There  is  said  to  be  unusual  toler- 
ance of  sugar,  which  assists  in  the  production  of  the  adiposity,  though 
Maclean x  thinks  that  "  this  increased  tolerance,  which  apparently 
appears  when  the  pituitary  gland  undergoes  atrophy,  does  not  seem  to 
be  so  common  as  is  generally  believed  " ;  and  he  is  of  opinion  that  its 
presence  or  otherwise  requires  confirmation,  in  such  cases,  by  the  use 
of  more  modern  methods,  e.  g.  quantitative  estimation  of  the  sugar  in 
the  blood,  as  well  as  merely  in  the  urine.  Arterial  blood-pressure  is 
low,  the  heart-beat  slowed,  and  there  are  often  drowsiness,  torpidity. 
and  mental  derangements.  If  the  disease  supervenes  after  adolescence, 
the  chief  phenomena  are  lowered  temperature,  abnormally  increased 
tolerance  of  sugar,  adiposity,  and,  in  the  male,  the  replacement  of  the 
normal  trichosis  by  that  of  feminine  type.  A  pigmentation  of  the  skin 
somewhat  resembling  that  of   Addison's  disease  may  occur.     Jugl 

1  Maclean,  Modern  Methods  in  the  Diagnosis  and  Treatment  of  Glycosuria  and 
Diabetes,     Constable,  London,  1922,  p.  .">4. 
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myxoedema  may  supervene  in  cases  of  exophthalmic  goitre  when 
atrophic  changes  occur  in  the  previously  hyperplastic  thyroid,  so  may 
patients  suffering  from  hyperpituitarism  come  later  to  shew  symptoms 
of  pituitary  insufficiency  if  atrophy  of  the  pituitary  supervenes  on  the 
previous  hyperplasia.  The  adiposity  of  hypopituitarism  is  due  probably 
to  deficiency  of  the  posterior  lobe ;  whilst  dwarfism,  on  the  other  hand, 
is,  in  many  cases,  due,  in  all  likelihood,  to  insufficiency  of  the  anterior 
portion  of  the  gland. 

The  PINEAL  BODY  (Epiphysis  cerebri)  is  a  small,  reddish  structure,  about 
the  size  of  a  cherry-stone,  situated  in  relation  to  the  posterior  part  of  the  third 
ventricle,  from  which  it  projects  downwards  and  backwards  between  the 
superior  pair  of  corpora  quadrigemina.  It  is  developed  from  an  evagination 
of  the  wall  of  the  third  ventricle,  from  which  evagination.  in  certain  reptiles, 
a  median  or  third  eye  originates.  The  pineal  is  relatively  larger  in  the  child 
than  in  the  adult,  and  in  the  female  than  in  the  male.#  Its  structure  varies 
considerably  in  different  cases,  but  it  usually  shews  a  number  of  saccular, 
or,  in  some  cases,  somewhat  tubular  spaces,  more  or  less  filled  with  epithelial 
cells,  and  with  large  capillary  or  sinus-like  blood-channels  between  the  spaces. 
Most  of  the  cells  shew  fine  oxyphil  granules,  but  some  shew  basophil  granules. 
The  stroma  consists  of  neuroglia,  and  the  whole  is  invested  with  a  pial  covering. 
The  organ  undergoes  considerable  retrogression  after  puberty.  The  follicles 
also  very  frequently  contain  aggregations  of  calcareous  particles  (the  so-called 
8 '  brain-sand  "),  which  may  sometimes  be  present  in  marked  excess. 

Injection  of  pineal  extract  produces  a  marked,  but  temporary,  fall  in  blood- 
pressure  (Schafer),  otherwise  the  results  have  been  mainly  of  negative  char- 
acter. Foa,  however,  states  that  cockerels  grow  more  rapidly  under  its 
administration  and  shew  earlier  development  of  the  testicles  and  secondary 
sexual  characters.  Similar  sexual  precocity  and  increased  stature  have  been 
noted  in  boys  suffering  from  some  forms  of  pineal  tumour — sometimes 
associated  with  extraordinary  precocious  mental  development. 

The  only  pathological  lesions  of  importance  originating  from  this  structure 
are  certain  tumours.  These  may  be  of  the  nature  of  simple  enlargements, 
usually  with  excess  of  the  gritty  particles  above  referred  to  (psammomata). 
Cystic  growths  also  occasionally  occur;  and  teratomatous  and  mixed  tumours 
containing  cartilage  and  gland-like  elements,  sometimes  combined  with 
sarcomatous  structure,  have  been  described. 

The  CAROTID  and  COCCYGEAL  GLANDS  are  rudimentary  glandular 
structures,  the  functions  and  significance  of  which  are  unknown.  The  former 
are  probably  paraganglia,  related  in  development  to  the  series  of  chromaffine 
bodies  of  which  the  suprarenal  medulla  (q.  v.)  is  an  example.  The  coccygeal 
gland  does  not  belong  to  this  series,  and  probably  represents  an  arterio- 
venous anastomosis  seen  in  some  of  the  lower  mammals.  These  structures 
may  occasionally  give  rise  to  tumour-growth. 


CHAPTER  XXIII 

DISEASES  OF  THE   GENITO-URINARY   SYSTEM 

A  detailed  description  of  the  normal  anatomy  and  histology  of  the 
different  parts  of  the  genito-urinary  system  would  be  out  of  place  in  a  text- 
book of  Pathology.  It  will  be  convenient,  however,  when  we  come  to 
describe  some  of  the  structural  alterations  in  the  kidneys,  to  give  a  brief 
outline  of  the  minute  anatomy  of  these  glands  (p.  869). x 

DISEASES   OF  THE   KIDNEY   AND   ITS   PELVIS 

The  ureter,  the  pelvis  of  the  kidney,  and  the  renal  tubules,  arise  develop- 
mentally  as  a  tubular  diverticulum  or  outgrowth  from  the  lower  end  of  the 
duct  of  the  Wolffian  body  or  mesonephros — the  primitive  excretory  organ 
of  the  embryo  before  the  development  of  the  permanent  kidney. 

CONGENITAL  ABNORMALITIES  OF  THE  KIDNEY  :— 

1.  CONGENITAL  MALFORMATIONS.— The  most  important  of  these 

conditions  is  coalescence  or  fusion  of,  or  a  junction  between,  the  two  kidneys. 

Each  of  the  affected  organs  may  be  situated  in  its  normal  position,  but, 

in  the  majority  of  cases,  one  or  both  may  be  displaced  downwards.   In  the 

most  usual  form  of  this  malformation — the  horseshoe-kidney — the  lower, 

or,  much  more  rarely,  the  upper,  ends  of  the  two  organs  are  united  across 

the  vertebral  column  (see  fig.  387).     The  uniting  band  is,  in  some  cases, 

composed  of  true  kidney  substance,  sometimes  of  considerable  thickness ; 

whilst,  in  other  instances,  it  consists  of  fibrous  tissue  in  which  there 

is  no  trace  of  glandular  structure.     As  already  stated,  the  union  is  most 

frequently  between  the  lower  ends  of  the  two  kidneys.     Each  half  of  the 

fused  mass  is  usually  provided  with  a  single  ureter,  which  passes  down 

in  front  of  the  uniting  bridge.     Sometimes,  however,  one  or  both  of  the 

ureters  may  be  double,  occasionally  throughout  the  entire  length,  but, 

more  usually,  only  towards  the  upper  end.     There  are,  as  a  rule,  two 

distinct  pelves,  which  are,  in  almost  all  cases,  situated  towards  the  anterior 

aspect  of  the  combined  organ  (see  fig.  387). 

A  less  common  variety  of  fusion  is  that  known  as  Sigmoid  Kidney, 

where  the  two  organs  form  a  continuous  or  sigmoid  curve,  one  kidney 

1  For  a  detailed  account  of  the  more  surgical  conditions  of  this  system,  the 
reader  is  referred  to  such  textbooks  as  J.  W.  Thomson  Walker's  Genito-  Urinary 
Surgery  (Cassell  &  Co.,  Ltd.,  London,  etc.,  1914),  especially  for  the  appearances 
on  Cystoscopic  Examination,  Radiography,  etc. 
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being  situated  below  the  other,  and  the  line  of  fusion  running  vertically 
between  the  two  corresponding  ends.  This  variety  may  be  regarded  as 
a  horseshoe-kidney  which  has  been  partially  rotated  so  that  the  concavity 
is  turned  to  right  or  left  instead  of  upwards. 

Sometimes  the  fused  organs  are  considerably  displaced,  the  mass 
lying,  it  may  be,  towards  one  side  of  the  abdomen,  or  even  at  the  brim, 
or  in  the  cavity,  of  the  pelvis. 

2.  ABNORMALITY  IN  NUMBER.— The  presence  of  a  third  kidney 


Fig.  387. — Horsethoe-Kidney.  The  lower  ends  of  the  organs  are  united  by  a  thick  bridge 
of  glandular  tissue  passing  across  the  middle  line.  The  ureters  (into  which  bristles 
have  been  inserted)  pass  down  anteriorly.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  Gen.  U.  A.  a.  1.) 

is  an  extremely  rare  condition.  Occasionally,  only  one  kidney  is  found 
— the  so-called  Solitary  Kidney.  When  the  other  organ  is  entirely  absent, 
the  ureter  and  the  renal  vessels  are  also  absent  on  the  same  side.  In 
some  cases,  traces  of  the  other  kidney  are  present,  and  may  be  discovered 
by  following  the  course  of  the  vessels  or  ureter,  which,  in  such  cases,  may 
not  be  entirely  absent. 

The  Solitary  Kidney  may  be  increased  in  size,  but  this  is  by  no  means 
essential.  Its  vascular  supply  is  often  abnormal,  for  example  it  may 
receive  branches  from  the  iliac  or  other  arteries.  In  health,  this  single 
kidney  may  effectively  carry  on  the  work  of  renal  secretion ;    but,  if  it 
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becomes  the  seat  of  tuberculous  disease,  or  if  impaction  of  a  calculus  occurs 
in  its  pelvis  or  ureter,  or  if,  from  any  other  cause,  its  function  is  interfered 
with,  the  results  will  naturally  be  more  serious  than  if  there  were  another 
kidney  to  aid  in  the  process  of  excretion. 

3.  INEQUALITY  IN  THE  SIZE  OF  THE  TWO  KIDNEYS  may  be  a 
congenital  condition  arising  from  arrested  development  or  from  disease 
during  intra-uterine  life ;  or  it  may  occur  later  in  life  from  disease,  for 
example,  from  the  impaction  of  a  calculus  producing  loss  of  function  and 
atrophy  on  one  side.  Similarly,  localised  vascular  lesions  may  interfere 
with  the  normal  growth  of  the  kidney  in  young  subjects,  or  with  the 
maintenance  of  its  nutrition  in  the  adult.  Other  causes  of  inequality 
in  the  size  of  the  two  organs  will  be  described  under  such  headings  as 
Tumours,  Cysts,  Inflammation,  etc. 

4.  ABNORMALITIES  IN  THE  SHAPE  OF  THE  KIDNEYS,  and  IN 
THE  ORIGIN  OR  DISTRIBUTION  OF  THEIR  BLOOD-VESSELS,  are 
frequently  found  in  conjunction  with  the  foregoing  conditions.  The 
genital  organs  may  or  may  not  shew  associated  abnormalities,  for  example 
they  may  be  rudimentary,  or  even  absent,  on  the  same  side  as  the  affected 
kidney. 

5.  ABNORMALITY  IN  POSITION.— This  may  be  congenital  or 
acquired.  In  CONGENITAL  MALPOSITION— dystopic  kidney— all  degrees 
of  displacement  may  be  found,  from  cases  in  which  it  is  comparatively 
slight  to  those  in  which  the  organ  may  be  found  just  above,  at,  or  even 
below,  the  brim  of  the  pelvis.  It  may  he  over  the  sacro-iliac  joint,  or 
in  the  hollow  of  the  sacrum  (Sacral  Kidney).  In  the  female,  such  abnor- 
malities in  position  may  lead  to  interference  with  parturition,  and  render 
the  displaced  organ  very  liable  to  injury  during  the  process.  The 
corresponding  suprarenal  body  is  usually  not  associated  with  the  kidney 
in  such  displacements,  but  is  found  in  its  normal  position,  and  possesses 
its  normal  vascular  supply;  whereas  the  origin  of  the  vessels  supplying 
the  dystopic  kidney  is  displaced  downwards,  e.  g.  they  may  arise  from  the 
lower  part  of  the  aorta,  the  common  or  internal  iliac,  the  middle  sacral, 
or  the  inferior  mesenteric  artery.  The  kidney-tissue  may  be  normal 
or  diseased,  and  there  may  be  associated  defects  in  the  bladder,  rectum 
and  genital  organs,  which,  if  unilateral,  occur  on  the  same  side  as  the 
affected  kidney. 

MOVABLE  or  FLOATING  KIDNEY— NEPHROPTOSIS.— All  degrees  of 
this  condition  may  be  found,  from  a  slight  increase  in  the  normal  mobility 
up  to  cases  in  which  the  organ — most  commonly  the  right — can  be  moved 
to  almost  any  part  of  the  abdominal  cavity.  This  mobility  is  due 
usually  to  an  abnormal  laxity  of  the  peritoneal  and  fascial  investments 
covering  the  anterior  surface,  and  of  the  fat  and  cellular  tissue  around 
the  organ.  The  kidney  may  have  an  incomplete  peritoneal  covering, 
or  may,  in  rare  cases,  even  possess  a  complete  investment  and  mesentery 
containing  the  renal  vessels  and  ureter.     In  some  cases,  the  condition 
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appears  to  be  a  congenital  one ;  but  in  others,  it  is  an  acquired  abnormality, 
the  most  frequent  cause  being  repeated  pregnancy,  especially  when  com- 
bined with  great  relaxation  of  the  abdominal  parietes,  etc.,  or  where 
there  has  been  absorption  of  the  perinephric  fat  which  helps  to  support 
the  kidney  in  position.  The  condition  is,  therefore,  found  most  commonly 
in  women.  The  right  kidney,  as  already  stated,  is  more  frequently 
affected  than  the  left ;  and  it  is  very  rarely  that  both  organs  are  freely 
movable.  Occasionally,  the  displaced  kidney  may  become  adherent  in 
some  abnormal  position ;  or  again,  torsion  of  the  vessels  and  of  the  ureter 
may  occur. 

6.  PERSISTENCE  OF  FCETAL  LOBULATION  is  of  extremely  common 
occurrence,  but  is  of  little  pathological  importance.  It  is  due  to  incom- 
plete fusion  of  the  lobar  divisions  in  the  foetal  kidney,  which  divisions 
should  normally  disappear.  All  degrees  of  this  condition  may  be  found, 
and,  when  slight,  should  not  be  mistaken  for  the  depressions  caused  by 
the  absorption  of  old  infarcts,  retention-cysts,  etc.  The  capsule  is 
adherent  to  the  septa  between  the  persisting  lobes ;  and  such  organs 
frequently  shew  one  or  more  medium-sized  arteries  penetrating  the 
kidney  substance  between  these  lobes. 

7.  ABNORMALITIES  OF  THE  URETERS  occasionally  occur,  for 
example,  doubling— which  may  be  partial  or  total — abnormal  origin,  etc. 
The  ureters  may  be  involved  in  congenital  abnormalities  of  the  bladder ; 
and,  occasionally,  they  may  even  open  into  the  rectum.  Twisting  or 
abnormal  bends  on  the  ureter  may  lead  to  hydronephrosis  {see  fig.  388). 

Congenital  dilatation  of  one  or,  more  usually,  both,  ureters,  some- 
times extreme  in  degree,  is  occasionally  found,  often  without  any  obvious 
cause  and  where  no  obstruction  to  the  outflow  of  urine  from  the  ureter 
itself,  or  from  the  bladder,  can  be  demonstrated. 

8.  "  INCLUSION  "  OF  SUPRARENALS.— This  may  vary  from  partial 
adhesion  or  fusion  of  the  suprarenal  body  up  to  its  total  inclusion  within 
the  glandular  substance  of  the  kidney.  Abnormal  portions  or  super- 
numerary suprarenals  not  infrequently  occur  as  inclusions  within  the 
kidney,  the  main  suprarenal  body  being  found  in  its  usual  position.  These 
suprarenal  inclusions  or  "  rests  "  may,  later,  become  the  site  of  tumour- 
formation. 

9.  CYSTIC  DISEASE  OF  THE  KIDNEY.— (Synonyms :  Cystic  or 
Polycystic  Kidney,  Cystic  Degeneration  of  the  Kidney.)— Two  varieties 
of  cysts  in  the  kidney  may  be  met  with,  viz.  (1)  those  which  are  primary, 
and  apparently  congenital;  and  (2)  cysts  which  are  secondary  to  other 
diseased  conditions.  It  is  to  the  former  of  these  that  the  term  Cystic 
Kidney  is  specially  applied.  This  condition  may  be  found  well  advanced 
in  the  foetus  in  utero,  and  may,  owing  to  the  large  size  of  the  affected 
organs,  sometimes  cause  obstruction  to  parturition,  and  necessitate 
the  evisceration  of  the  foetus.  The  disease  is  not  confined  to  any  special 
age,  but  may   be  found  even  in  very  old  persons.    If  uncomplicated 
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by  other   renal   disease,   it   may   give    rise   to   no  definite  symptoms 
during    life,    and    kidneys   shewing  advanced   cystic    disease    may    be 


Fig.  388. — Hydronephrosis  arising  from  twisting  and  abnormal  kinking 
of  the  ureter. 


found  on  post-mortem  examination  in  cases  where  its  presence  had 
been  quite  unsuspected  during  life.  It  is  difficult  to  affirm  positively 
that,  in  every  instance,  the  condition  has  been  a  congenital  one, 
and    has    not    developed    later,    i.  e.    during    extra-uterine    life.     The 
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disease  is  slowly  progressive,  and,  in   all   cases,  affects   both   organs, 

though  sometimes  not  to  a  similar  degree.  The  kidneys  may  be  greatly 
enlarged,  e.g.  they  may  measure  some  six  to  eight  or  nine  inches  in 
length,  the  general  shape  of  the  organ  being  usually  preserved.  Pro- 
jecting from  the  surface,  and  studded  throughout  the  substance  of  the 
kidney,  are  innumerable  cystic  spaces,  varying  in  size  from  some  which 
are  just  visible  to  the  naked  eye,  up  to  those  about  as  large  as  a  pea 


i 
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A.  B. 

Fig.  389. — Cystic  Kidney.     A. — Outer  Surface.     B. — Section. 


or  a  marble  or  slightly  larger.  They  are  lined  by  a  layer  of  simple, 
flattened  epithelium,  and  their  contents — which  may  be  fluid,  mucoid, 
or  colloid  in  consistence — vary  in  colour,  and  may  be  clear  and  colourless, 
yellowish,  or  brown  or  reddish-brown  from  the  presence  of  altered  blood- 
pigment.  Most  of  the  cysts  do  not  contain  any  of  the  special  urinary 
constituents,  though  traces  of  urea  may  be  found  in  some  of  them. 
Although,  on  naked-eye  examination,  there  may  appear  to  be  almost  no 
normal  secreting  glandular  tissue  left  between  the  cysts,  yet,  microscopic- 
ally, a  considerable  amount  may  be  found  stretched  and  distended  around 
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them.  In  most  cases,  there  is  sufficient  kidney-substance  present  to 
enable  the  organs  to  carry  on  their  functions  more  or  less  efficiently.  In 
other  cases,  uramia  may  supervene,  either  from  the  progress  of  the  disease 
itself,  or  from  some  intercurrent  affection  of  the  organs. 

etiology. — Several  hypotheses  have  been  suggested  with  regard  to 
the  causation  of  the  condition.     Virchow   was  of  opinion  that  it  was 
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Fig.  390. — Diagrammatic  rej)ri#< ntution  of  the  Structure  and  Blood-Supply 

of  the   Kidney.      A,  cortex;     B,   boundary   zone;     C,  medulla.       i 
detailed   description   see  text.) 

caused  by  Inflammatory  changes  and  interstitial  overgrowth  of  fibrous 
tissue,  leading  to  compression  of  the  tubules  and  to  their  subsequent 
distension  above  the  sites  of  constriction,  i.  e.  a  sort  of  chronic  ii 
stitial  nephritis.  This  explanation  appears  an  unlikely  one,  both  from 
the  clinical,  and  from  the  histological,  study  of  such  cases.  Other  patho- 
logists are  of  opinion  that  it  is  produced  by  "  embryonic  intermingling  " 
of  the  meso-  and  meta-nephros — the  primitive  and  the  permanent 
excretory  organs  respectively — which  are  developed  in  close  proximity 
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to  one  another.  A  third  suggested  explanation  is  that,  early  in  develop- 
ment, some  of  the  tubules  of  the  kidney  may  not  succeed  in  effecting  a 
junction  with  the  corresponding  glomeruli  which  should  grow  out  from 
the  mesothelium  to  meet  them ;  or  that  the  cysts  may  possibly  arise  from 
excess  in  number  either  of  the  tubules  or  of  the  glomeruli,  with  subsequent 
distension  of  the  supernumerary  structures. 

It  is  not  very  uncommon  in  cases  of  cystic  kidney  to  find  an  associated 
cystic  condition  of  the  liver,  or,  more  rarely,  of  the  pancreas,  or  of  some 
other  organ. 

INJURIES  OF  THE  KIDNEY 

Contusion  and  rupture  of  the  kidney  may  result,  without  external 
wound,  from  a  direct  blow  on  the  loin  or  over  the  lower  ribs,  or  from 
indirect  violence  such  as  a  fall  upon  the  buttocks  or  forcible  flexion  of  the 
body.  The  capsule  may  or  may  not  be  involved  in  the  tear,  and  the 
effusion  of  blood  and  urine  will  be  subcapsular  or  extracapsular  accord- 
ingly. Lacerations  may  be  of  all  degrees,  from  a  slight  crack  to  an 
extensive  tear,  and  are  usually  transverse  or  slightly  oblique,  and  most 
frequently  on  the  anterior  surface.  The  pelvis  and  renal  vessels  may 
be  involved,  and  the  ureter  may  be  ruptured,  with  varying  results.  The 
commonest  symptoms  are  shock,  usually  severe,  but  sometimes  delayed 
in  slighter  cases,  pain,  swelling,  and  hsematuria  (in  over  ninety  per  cent.). 
Healing  of  lesser  degrees  of  rupture  usually  occurs  rapidly  by  vascularisa- 
tion  and  organisation  of  the  extra  vasated  blood,  and  fibrous -tissue 
formation,  the  contraction  of  the  latter  resulting  in  a  scar  somewhat 
resembling  that  of  an  old  infarct.  In  some  cases,  blood -clot  may  block 
the  ureter,  leading  to  traumatic  hydronephrosis,  which  may  also  result 
from  cicatrisation  of  fibrous  tissue.  Bacterial  infection  sometimes  super- 
venes in  such  cases,  either  from  below  or  via  the  blood-stream.  Injury  to 
the  kidney  in  association  with  an  external  wound,  e.g.  due  to  stabs  or 
bullet -wounds,  is  almost  always  accompanied  by  infection,  and,  in  addition 
to  haemorrhage  and  escape  of  urine,  prolonged  suppuration  may  follow. 

STRUCTURAL  DISEASES  OF  THE  KIDNEY1 

In  the  various  vascular,  inflammatory,  and  degenerative  diseases  to 
which  the  kidneys  are  specially  liable,  both  organs  are  almost  invariably 
affected — though  not  necessarily  to  the  same  extent  or  degree — as,  from 
their  anatomical  relations  and  physiological  functions,  they  are  subject 
to  practically  identical  conditions,  for  example,  the  necessity  of  excret- 
ing from  the  blood  certain  substances,  normal  or  abnormal,  which  may 
have  an  irritating  and  deleterious  effect  upon  their  exceedingly  complex 
and  delicate  structure.  All  the  component  tissue-elements  of  the  kidney 
may  be,  and  most  commonly  are,  simultaneously  affected  throughout 

1  For  the  classification  and  descriptions  of  these  diseases,  the  authors  arc  in- 
debted largely  to  Greenfield's  "  Resume  of  Renal  Pathology  "  in  the  New  Sydenham 
Society's  Atlas  of  Illustrations  of  Pathology,  1877. 
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the  organ,  though  usually  in  varying  degree.  Thus,  in  some  cases,  the 
glomeruli  may  shew  relatively  greater  changes  than  the  other  structural 
elements,  whilst,  in  other  instances,  either  the  tubules,  the  vessels,  or,  it 
may  be,  the  interstitial  tissue,  may  exhibit  pathological  changes  which 
are  relatively  more  marked  in  any  one  of  them  than  in  the  other  con- 
stituent tissues.  In  order  properly  to  understand  these  pathological 
variations,  it  is  of  importance  to  have  a  clear  conception  of  the  normal 
structural  arrangement  of  the  kidney-tissues,  of  which  the  following 
summary  may  be  given. 

Each  organ  is  built  up  of  an  enormous  number  of  what  may  be  regarded 
as  elongated,  conical,  compound  glands,  closely  packed  side  by  side,  each  with 
its  base  at  the  surface  of  the  organ,  and  its  apex  at  the  summit  of  one  of  the 
Malpighian  pyramids,  the  whole  organ  being  invested  by  a  strong  but  thin 
and  transparent,  comparatively  non-adherent,  fibrous  membrane  or  capsule. 
All  these  kidney-elements  or  primitive  cones  have  a  similar  structure,  each  being 
grouped  around  its  corresponding  collecting  tubule. 

Each  kidney-tubule  (see  fig.  390)  commences  as  a  spherical  dilatation, 
known  as  Bowman's  capsule  (1),  into  which  hangs  the  capillary  tuft  or 
glomerulus — capsule  and  glomerulus  being  together  known  as  a  Malpighian  body 
or  Malpighian  corpuscle.  The  capsule  opens  by  a  narrow  neck  or  constriction  (2), 
into  the  proximal  convoluted  tubule  (3),  which  is  situated  in  the  cortex,  usually 
in  close  proximity  to  its  own  glomerulus.  It  then,  as  the  spiral  tubule  (4), 
becomes  less  convoluted,  and  enters  a  medullary  ray  in  which  it  descends. 
At  the  junction  of  the  cortex  and  the  medulla  it  becomes  much  narrower, 
and  passes  straight  down  through  the  boundary  zone  of  the  pyramid  as  the 
descending  limb  of  Henle's  loop  (5).  Towards  the  apex  of  the  pyramid,  it 
turns  suddenly  upon  itself  (6),  and  passes  up  again  as  the  ascending  portion 
of  the  loop  (7-8),  which,  when  it  re-enters  the  boundary  zone  (at  7),  again 
becomes  wider  and  is  lined  by  columnar  secreting  epithelium.  It  emerges 
in  the  cortex  as  the  irregular  tubule  (8-9),  which,  in  turn,  becomes  the  distal 
convoluted  tubule  (10,  11,  12).  This  then  re-enters  the  medullary  ray  as 
the  short  junctional  tubule  (12),  which  joins  one  of  the  collecting  tubules  (13- 
14),  several  of  which  unite  and  pass  down  in  the  medullary  ray.  Near  the 
apex  of  the  pyramid,  several  of  these  larger  collecting  tubules  join  to  form  one 
of  the  excretory  ducts  or  tubes  (15),  several  of  which  open  into  one  of  the  calyces 
of  the  ureter  at  the  apex  of  each  papilla. 

The  character  of  the  epithelium  lining  these  different  parts  of  the  uriniferous 
tubules  varies  greatly  in  structure  and  in  function,  a  point  of  extreme  importance 
pathologically,  as  it  may  suffer  damage  in  very  varying  degree  at  different 
parts  in  the  course  of  the  tubule.  The  interior  of  Bowman's  capsule  is  lined 
by  a  continuous  layer  of  flattened  endothelial  cells,  which  closely  resemble 
vascular  endothelium,  not  only  in  structural  appearance  and  development, 
but  also  in  their  pathological  reactions.  This  layer  of  cells  is  situated  upon 
a  delicate  basement-membrane,  which,  in  turn,  is  supported  externally  by 
a  fine  layer  of  connective  tissue.  The  proximal  and  distal  convoluted  tubules, 
the  secreting  or  ascending  portion  of  Henle's  loop,  and  also  the  spiral  and 
irregular  tubules,  are  lined  by  very  highly  endowed  columnar  secreting  epithe- 
lium. The  cyto-reticulum  of  these  cells  La  very  distinct,  and  true  cell-granules 
may  be  demonstrated  by  special  staining  methods.  The  protoplasm  shews 
vertical  striation  towards  the  deeper  part  of  the  cell.  These  cells  interlock 
irregularly,  but  are  probably  distinct  from  each  other,  and  not  syncytial  in 
their  nature.     They  are  much  more  easily  damaged  by  toxic  irritants  than 
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are  the  clear,  flattened  cells  lining  the  descending  or  narrow  part  of  Henle's 
loop,  and  the  clear,  cubical  or  columnar  cells  of  the  junctional  and  collecting 
tubules  and  the  excretory  or  uriniferous  ducts  of  Bellini. 

The  distribution  of  the  blood-vessels  of  the  kidney  is  also  of  great  importance 
pathologically  (see  fig.  390).  The  renal  artery  divides  into  four  or  five  primary 
branches,  which  pass  in  at  the  hilus  and  proceed  into  the  kidney-substance. 
At  the  level  of  the  bases  of  the  pyramids,  these  divide  into  the  arterial  renal 
arches  (aa)y  which,  in  turn,  give  off  the  interlobular  arteries  (ai)  to  the  cortex, 
and  the  arteriolae  rectaB  (ar)  to  the  medulla.  The  interlobular  arteries  (ai) 
pass  directly  outwards  through  the  cortex  between  the  medullary  rays,  so 
that,  in  a  vertical  section,  these  two  sets  of  structures  will  alternate  with  each 
other,  forming  regular  radiating  lines  in  the  cortex.  The  interlobular  arteries 
give  off  a  series  of  short  twigs,  the  afferent  arterioles,  each  passing  to  a  Mal- 
pighian  body  (g),  in  which  it  breaks  up  into  a  little  bunch  of  capillaries  which 
are  invaginated  into  Bowman's  capsule,  forming  the  glomerular  tuft  or 
glomerulus.  This  tuft  is  loosely  covered  by  a  single  layer  of  somewhat  polygonal 
epithelial  cells,  which  are  essentially  different  from  the  cells  lining  Bowman's 
capsule.  The  capillaries  of  the  tuft  become  reunited  into  a  single  small  vessel, 
the  efferent  arteriole,  which  emerges  near  the  afferent  arteriole.  This  efferent 
vessel  again  breaks  up,  forming  the  intertubular  plexus  of  capillaries  (ip), 
and  it  may  also,  if  near  the  boundary  zone,  send  a  twig  down  into  the  medulla 
(pseudarteriolae  rectae  {ar')).  The  interlobular  capillaries  unite  into  small 
venules  which,  together  with  the  stellate  veins  (vs)  under  the  capsule,  go  to 
form  interlobular  veins  (vi).  These,  in  turn,  run  into  the  venous  renal  arches 
(va),  from  which  are  formed  the  main  renal  veins.  The  arteriolae  rectae  (ar) 
pass  down  into  the  medulla,  and  divide  into  leashes  or  pencils  of  minute  vessels 
which  run  down  nearly  parallel  with  one  another,  these  "  bundles  of  Ferrein  " 
alternating  with  the  bundles  of  tubules,  and  giving  the  characteristic  striated 
appearance  to  the  pyramids.  Corresponding  venulae  rectae  (vr)  pass  up  to 
join  the  venous  renal  arches. 

Owing  to  the  presence  of  the  fibrous  capsule,  especially  if  it  is  thick- 
ened by  disease,  profound  changes  may  sometimes  be  present  in  the 
kidney-tissue  with  little  or  no  alteration  in  the  size  and  naked-eye  appear- 
ance of  the  organ ;  though,  in  many  instances,  both  of  these  are  greatly 
altered.  Microscopical  examination  is,  therefore,  essential  for  the  proper 
investigation  of  such  specimens,  and  too  much  trust  should  not  be  put  on 
the  naked-eye  appearances,  though,  of  course,  these  may  often  give  very 
important  information  as  to  the  nature  of  the  lesions  present. 

The  naked-eye  examination  of  the  kidney,  to  be  of  any  value,  must 
be  systematic,  and  should  include  the  observation  of  such  points  as  its 
position,  size,  shape,  weight,  consistency,  condition  of  the  capsule,  surface, 
and  sectional  appearances  (see  footnote  x). 

1  Note. — Systematic  Naked-eye  Examination  of  the  Kidney  : — 

1.  Position,  etc.,  while  still  in  the  body. 

2.  Size,  shape,  and  weight — average  8£  to  9  oz.  (about  240  to  250  grammes), 

or  about  1,240th  of  the  total  weight  of  the  body. 

3.  Consistency,  e.  g.  soft  and  flabby  as  in  fatty  degeneration,  etc. 

4.  Capsule — adhesions  to  surrounding  fat  and  areolar  tissue,  and  to  the  kidney 

itself ;  thickening,  lamination,  etc.,  these  changes  generally  pointing  to  some 
vascular  derangement,  the  adhesions,  etc.,  being  due  to  establishment  of  a 
collateral  blood-supply. 
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Bearing  in  mind  what  has  been  said  above  with  regard  to  the  fact 
that,  as  a  general  rule,  no  one  component  tissue-element  of  kidney  can 
be  affected  alone  without  involvement  of  all,  the  elementary  pathological 
changes  may,  for  descriptive  purposes,  be  grouped  under  the  following 
headings : — 
A. — Those  affecting  the  Malpighian  body  and  its  constituent  parts  i.  e. : — 

(a)  The    glomerular   tuft   and   its    blood-vessels    (afferent    arteriole, 

capillaries,  and  efferent  arteriole). 

(b)  The  epithelium  covering  the  tuft. 

(c)  Bowman's  capsule  with  its  endothelium  and  connective  tissue. 
B. — Those  affecting  the  interstitial  connective  tissue  of  the  kidney. 

C. — Those  affecting  the  renal  vessels,  including  arteries,  capillaries,  and 

veins. 
D. — Those  affecting  the  secreting  and  uriniferous  tubules  or  glandular 
tissue  proper. 
After  some  of  these  more  elementary  lesions  have  been  dealt  with, 
the  various  degenerative  and  inflammatory  conditions  which  may  be  found 
in  this  highly  complex  and  delicate  organ  will  be  better  understood. 

5.  Surface  : — 

i.  Smoothness  or  roughness  after  stripping  capsule,  e.g.  cicatrices,  granularit}', 
lobulation,  presence  of  cysts,  infarcts,  abscesses,  tubercles,  etc. 

ii.  Colour— depending  largely  on  condition  of  superficial  veins  and  capillaries — 
any  engorgement  of  stellate  veins  :   mottling,  pallor. 

6.  Vertical  Section  :— 

i.  Proportional  thickness  of  cortex  and  medulla,  and  of  superficial  and  inter- 
pyramida]  parts  of  cortex.  Absolute  and  relative  increase  or  diminution 
of  any  of  these.     Presence  of  cysts,  infarcts,  abscesses,  tubercles,  etc. 

ii.  Differences  in  colour  in  these  parts  :   mottling,  etc. 

iii.  Vascularity  of  the  various  parts— depending  greatly  on  the  mode  of  death. 
presence,    of   heart-disease,  etc.     Note   particularly  the  condition   of    \ 
recta  (especially  the  veins)  running  down  into  medulla,  lines  of  inter-lobular 
vessels, and  glomeruli  if  these  are  visible.     Presence  of  hsemorrhag 

iv.  Regularity  in  arrangement  of  cortex,  especially  superficial  part,  shewing 
alternating  lines  of  tubules  and  vessels.  These  should  be  regular,  and  not 
broken  op.  Presence  of  cysts.  Condition  of  medullary  rays  :  presence  of 
"  fibromata.'*  etc. 

v.  Ureter,  pelvis,  and  calyces — dilatation,  obstruction,  presence  of  calculi, 
vascularity  of  mucous  membrane,  petechia]  hemorrhages,  etc.  Amount 
of  fat  in  the  hilus — often  increased  in  atrophic  conditions  of  the  organ. 

7.  Condition  of  renal  arteries— both  larger  and  smaller  branches— atheroma,  thicken- 

ing, patency,  etc. 

8.  Reactions  ior  waxy  degeneration  (Iodine) :  presence  of  haemosiderin  (Prussian-blue 

reaction),  etc. 
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A.-LESIONS   AFFECTING   THE   MALPIGHIAN    BODIES 

I.  BLOOD-VESSELS 

1.  FATTY  DEGENERATION  of  the  capillary  endothelium  of  the 
glomerular  tufts  may  be  very  extreme  in  cases  of  phosphorus-poisoning. 
It  may  also  occur  in  acute  alcohol-  and  in  delayed  chloroform-poisoning. 
In  subacute  diffuse  nephritis,  a  slight  degree  of  fatty  change  may  be 
present,  and  the  condition  is  frequently  found  as  an  accompaniment  or 
sequel  of  waxy  degeneration. 

2.  WAXYor  AMYLOID  DEGENERATION,  in  the  case  of  the  kidney, 
is  due  to  the  usual  causes  which  produce  the  disease  elsewhere,  especially 
syphilis  and  chronic  tuberculosis.  In  our  opinion,  it  is  never  "  the  result 
of  Bright's  disease,"  as  is  often  erroneously  stated.  One  of  us  x  has 
recorded  the  occurrence  of  amyloid  degeneration  in  four  cases  of  chronic 
heart-disease,  in  which  the  usual  causes  were  definitely  excluded,  and 
where  the  only  apparent  setiological  factor  was  the  poison  of  acute 
rheumatism. 

The  kidneys  may,  in  rare  cases,  be  the  only  organs  affected ;  but,  much 
more  commonly,  there  is  associated  waxy  degeneration  of  the  liver, 
spleen,  and  perhaps  of  the  intestines  and  other  organs.  Waxy  disease 
may  be  the  only  lesion  present  in  the  affected  kidneys,  but,  very  com- 
monly, it  leads  to,  or  is  associated  with,  other  degenerative  or  inflammatory 
conditions,  which  are  brought  about  either  by  its  interference  with  the 
efficient  elimination  of  the  toxic  products  of  metabolism,  or  by  the  causes 
which  also  produce  the  amyloid  change.  For  this  reason,  i.  e.  because  of 
the  variations  in  the  associated  lesions,  in  any  given  instance  of  waxy 
disease  of  the  kidneys,  the  naked-eye  and  histological  appearances  of  the 
organs  may  vary  within  very  wide  limits,  and,  for  purposes  of  description, 
the  following  four  groups  of  cases  may  be  recognised. 

i.  Pure  Waxy  Disease. — When  amyloid  degeneration  occurs  alone, 
the  kidney  may  exhibit  very  slight  naked-eye  alteration,  or  there  may  be 
a  somewhat  translucent  appearance,  especially  in  the  cortex. 

ii.  Waxy  Dis^-ie  r.  lined  with  some  other  degenerative  condition, 
especially  fatty  degeneration,  and  also  very  commonly  with  catarrhal 
changes.  In  such  cases,  the  organ  is  increased  in  size,  and  the  glandular 
tissue  is  of  a  dull  yellowish- white  colour,  and,  on  close  inspection,  exhibits 
a  finely  mottled  appearance,  due  to  a  mixture  of  opaque  white  or  yellowish- 
white  fatty  areas  and  the  more  translucent  areas  of  waxy  change  proper. 
This  combination  with  fatty  degeneration  is  what  gives  the  appearance 
that  used  to  be  known  as  "  large  white  kidney  " — a  term  which  is  now 
sometimes  applied  to  an  entirely  different  condition,  and  is  one  which  we 
consider  it  inadvisable  to  employ. 

1  Beattie,  "Rheumatic  Fever  and  Amyloid  Degeneration,"  Brit,  Med,  Jour.. 

November  24,  1906. 
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iii.  Waxy  Disease  combined  with  interstitial  changes. — This  com- 
bination of  lesions  is  found  especially  in  syphilis.  The  kidneys  mav  be 
considerably  enlarged,  and  may  shew  marked  overgrowth  of  the  interstitial 
connective  tissue. 

iv.  Extensive  Atrophic  Changes  may  supervene  in  organs  affected  by 
any  of  the  above-described  vascular,  catarrhal,  or  interstitial  lesions. 
The  kidney,  in  such  a  case,  may  become  small  in  size,  and  present  an 
irregular  surface  closely  resembling  a  "  small  granular  contracted  kid- 
ney." The  size  and  appearance  of  the  kidney  in  waxy  disease,  therefore, 
depend  greatly  upon  the  associated  conditions  which  may  be  present. 

Sequence  in  which  the  kidney-structures  are  most  commonly  involved. 
As  is  usually  the  case  in  any  given  organ  or  tissue,  the  disease  affects 
first  the  "  ultimate  arterial  distribution."  In  the  cortex,  the  change 
begins  usually  in  the  afferent  arteriole  of  the  glomerulus,  from  which  it 
slowly  spreads  into  the  glomerular  capillaries,  the  efferent  arteriole  of  the 
glomerulus,  the  intertubular  capillary  network,  the  interlobular  veins,  etc., 
and,  at  the  same  time,  it  spreads  backwards  to  the  interlobular  arteries. 
It  may  also  come  to  affect  the  delicate  connective  tissue  and  basement- 
membranes  of  the  tubules.  In  the  medulla,  it  begins  in  the  arteriolse  rectae, 
and  may  spread  to  the  supporting  connective  tissue  between  the  tubules. 

In  certain  very  rare  instances,  especially  in  cases  of  congenital  syphilis 
in  children,  an  exceptional  method  of  distribution  may  be  found,  in 
which  the  disease  is  confined  to  the  interstitial  supporting  connective  tissue 
between  the  collecting  tubules  towards  the  apices  of  the  Malpighian 
pyramids. 

The  waxy  material  exhibits  the  usual  staining  reactions  with  iodine, 
methyl  violet,  etc.  (see  pp.  59-60). 

3.  HYALINE  DEGENERATION  is  a  toxic  condition  which  occurs  as 
the  result  of  the  acute  action  of  certain  bacterial  and  other  poisons.  It 
is  found  especially  in  scarlet  fever  and,  to  a  less  extent,  in  diphtheria. 
It  may  also  occur  in  some  of  the  more  chronic  diseases,  such  as  chronic 
Bright's  disease,  chronic  lead-poisoning,  etc. 

Distribution  of  the  change. — Hyaline  degeneration  may  affect  the 
coats  of  the  afferent  arteriole,  for  example  in  scarlet  fever,  and  may  lead 
to  the  occurrence  of  thrombosis  within  the  vessel.  In  some  cases,  the 
degeneration  may  spread  into  the  capillaries  of  the  glomerulus  and  to 
the  fine  connective  tissue  between  them,  giving  the  tuft  a  swollen,  homo- 
geneous appearance.  It  may  also  extend  backwards  along  the  walls  of 
the  afferent  arteriole  to  the  smaller  I  of  the  interlobular  arteries, 

especially  in  some  of  the  more  chronic  forms,  and  it  may,  in 
affect  the  basement-membrane  of  Bowman's  capsule.  The  inner,  and  also 
the  middle,  coats  of  tin' arterioles  become  swollen  and  present  irregular 
homogeneous  masses,  which  may  narrow  and  even  close  the  lumen. 
leading  to  obliteration  and  fibrous  changes  in  the  glomerulus.  (Foi  a 
fuller  description  of  Hyaline  Degeneration,  see  p.  64.) 
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II.  EPITHELIUM  COVERING  THE   GLOMERULAR  TUFT 

The  pathological  changes  in  this  layer  of  epithelial  cells  are  not  so 
characteristic  as  those  found  in  the  endothelium  lining  the  capsule,  the 
two  layers  differing  from  one  another,  both  in  their  developmental  origin 
and  in  their  pathological  reactions.  The  cells  of  the  former  may  exhibit 
cloudy  swelling,  fatty  degeneration  and  similar  conditions,  usually 
associated  with  other  glomerular  changes. 

III.  CAPSULE  OF  MALPIGHIAN  BODY  (Bowman's  Capsule) 

The  pathological  reactions  which  may  occur  in  the  lining  endothelium 
and  basement-membrane  of  Bowman's  capsule,  and  in  the  surrounding 
connective  tissue,  are  of  the  greatest  importance — for  example,  in  sub- 
acute diffuse  nephritis,  these  reactions  are  so  marked  that  some  forms  of 
this  condition  have  been  called  glomerular  nephritis,  the  changes  in  the 
capsule  itself  having  received  such  names  as  "  capsulitis,"  "  endocapsulitis," 
"  glomerulitis,"  "  periglomerulitis,"  etc.  The  reactions  usually  bring 
about  a  thickening  or  a  swelling  of  the  capsule,  and  may  be  grouped  under 
three  heads.     These  may  occur  in  varying  degree  in  any  given  case. 

i.  Pericapsular  proliferation  and  leucocyte-infiltration — often  most 
marked  round  the  efferent  arteriole  or  venule. 

ii.  Thickening  of  the  capsule  itself  is  found  in  subacute  diffuse 
nephritis,  especially  in  scarlatinal  cases,  and  is  due  to  a  toxic  swelling 
of  the  connective-tissue  laminae  of  which  the  capsule  is  composed.  This 
change  may  shew  as  a  clear,  homogeneous  swelling,  or  as  a  fine  lamination 
or  infiltration . 

iii.  Swelling  and  proliferation  of  the  endothelial  cells  lining  the  capsule. 
This  is  the  most  important  alteration — these  cells  in  many  ways  reacting 
like  vascular  endothelium,  and  differing  completely  from  the  cells  lining 
the  secreting  tubules,  and  from  those  covering  the  tuft.  They  are 
mesothelial  in  their  characters  and  reactions,  and  are  specially  liable  to 
proliferative  changes  precisely  resembling  those  occurring  in  the  lining 
endothelium  of  vessels  in  the  condition  of  proliferative  endarteritis — a 
progressive  laminated  thickening  at  first  cellular,  but  later  becoming 
fibrous  in  character,  which  fills  up  the  lumen  of  the  capsule.  These  changes 
lead  to,  and  bring  about,  adhesion  between  it  and  the  tuft.  At  a  later 
period,  the  tuft,  owing  to  compression  and  loss  of  function,  becomes 
shrivelled  and  atrophied.     {See  figs.  391,  399,  and  400.) 

This  obliteration  of  the  glomeruli  will  also  affect  the  tubules  in  the 
neighbourhood — 

(1)  By  lessening  or  abolishing  the  watery  secretion  from  the  glomerulus, 
and  so  preventing  the  proper  flushing  or  washing  out  of  the  corresponding 
uriniferous  tubule. 

(2)  By  cutting  off  the  blood-supply  normally  passing  through  the 
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glomerulus  to  the  neighbouring  part  of  the  cortex  by  way  of  the  efferent 
arteriole  and  intertubular  capillaries  (see  fig.  390). 

If  these  changes  take  place  slowly,  a  progressive  atrophic  condition 
is  produced,  the  epithelium  of  the  tubules  becoming  smaller,  and  the 
cells  losing  their  typical  "  granular  "  and  striated  character,  and  coming 
to  resemble  mere  duct  epithelium  (see  fig.  402).  A  more  rapid  degenera- 
tion of  the  epithelium  results  if  the  glomerular  changes  are  acute.  The 
corresponding  interlobular  arteries  lose  their  function,  and  undergo 
obliterative  changes.  Small  anastomosing  vessels  then  pass  in  from  the 
surface,  causing  adhesion  and  dipping  in  of  the  capsule.     In  the  areas 


Fig.  391. — Subacute  Interstitial  Nephritis,  with  marked  glomerular  changes.  The 
glomeruli  shew  progressive  proliferation  of  the  cells  lining  Bowman's  capsule,  and 
the  other  changes  described  in  the  text,     x  50. 


of  the  cortex  in  which  the  tubules  are  degenerating,  atrophy  and  con- 
traction of  these  structures  gradually  occur,  and  may  be  followed  by 
overgrowth  of  fibrous  tissue.  In  the  intervening  areas,  the  tubules 
undergo  dilatation.  Tims,  the  vascular  markings  become  distorted. 
These  phenomena  are  besl  illustrated  in  one  of  the  forms  of  granular 
contracted  kidney  (see  figs.  403  and  405).  In  the  kidneys  of  old  people, 
small,  isolated,  rounded,  laminated  fibrous  nodules  are  often  Been  micro- 
scopically.  These  are  the  remains  of  Malpighian  bodies  which  have 
undergone  a  similar  degeneration  owing  to  the  cutting-ofi  of  their  blood- 
Bupply  by  senile  changes  in  the  vessels.  Glomeruli  Bhewing  intermediate 
b1  ages  of  t  he  process  may  also  be  observed,  e.  g,  with  laminated  t  hickening 
of  the  capsule,  shrinking  of  the  tuft.  • 
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B.— LESIONS  AFFECTING  THE  INTERSTITIAL  CONNECTIVE 
TISSUE  OF  THE    KIDNEY 

The  supporting  or  interstitial  connective  tissue  of  the  kidney  varies 
greatly  in  amount  in  different  parts  of  the  organ.  It  is  most  abundant  in 
the  pyramids,  especially  towards  their  apices,  whilst  in  the  cortex,  between 
the  tubules  and  glomeruli,  it  is  extremely  scanty,  and  forms  a  very  delicate 
network  between  these  and  the  capillaries,  lymphatics,  etc.  It  is  some- 
what more  plentiful  around  the  vessels ;  and  pathological  changes,  e.  g.  pro- 
liferation, leucocyte-emigration,  etc.,  are,  therefore,  usually  best  marked 
round  these,  and  also  round  the  glomeruli.  In  some  cases,  however, 
there  may  be  a  more  generalised  interstitial  overgrowth.  Such  over- 
growth is  very  common  in  subacute  and  chronic  inflammatory,  and  in 
degenerative,  conditions,  and  may  occur  either  primarily,  or  secondarily 
to  changes  in  the  glomeruli   tubules,  or  vessels. 


C— LESIONS  AFFECTING  THE  VESSELS   OF  THE   KIDNEY 

Changes  affecting  the  vessels  of  the  kidney  are  highly  important, 
e.g.  in  relation  to  regulation  of  blood-pressure,  blood-flow,  and  excretion 
of  urine ;  and  the  vessels  are  profoundly  diseased  in  almost  all  cases  of 
chronic  renal  disease. 

(a)  ARTERIES. — The  arteries  of  the  kidney  are  liable  to  the  ordinary 
diseases  affecting  vessels  elsewhere.  They  are  specially  exposed  to 
conditions  of  strain  from  alterations  of  blood-pressure,  which  is  high  during 
active  excretion,  and  also  to  damage  from  the  action  of  soluble  toxic 
substances,  normal  and  abnormal,  which  it  is  part  of  their  function  to 
excrete  from  the  blood.  On  section,  the  larger  arteries  may  stand  out 
prominently  and  appear  abnormally  large  and  dilated  (see  fig.  403),  and, 
on  microscopical  examination,  end-  and  peri-arteritis  may  be  observed, 
often  associated  with  fibrous  thickening  or,  it  may  be,  a  true  hyper- 
trophic condition — most  frequently,  perhaps,  a  combination  of  both  fibrous 
tissue  and  muscular  proliferation — of  the  middle  coat  (see  fig,  392). 

In  addition  to  the  other  recognised  factors  in  their  production,  ather- 
omatous changes  are  specially  liable  to  occur  where  there  is  local  obstruc- 
tion to  the  circulation  of  the  blood  through  the  organ,  and  this  may  be 
caused  in  the  kidney-lesions,  especially  in  the  vessels,  by  the  glomerular 
changes  above  described.  The  atheromatous  and  the  glomerular  changes 
react  on  one  another,  and,  when  once  set  up,  each  will  tend  to  aggravate 
and  increase  the  other. 

When  excretion  by  the  kidneys  becomes  defective  or  deranged,  an 
irritative  spasmodic  contraction  of  all  the  small  arteries  throughout 
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the  body  may  be  produced,  due  to  the  action  of  some  substance  or 
substances  of  more  or  less  unknown  nature,  which  should  be  excreted 
by  the  kidney,  and  which,  therefore,  naturally  have  very  marked  local 
effects  on  the  vessels  of  the  kidney  itself. 

Acute  changes  in  the  cortex  have  a  special  tendency  to  begin  around 
the  inter-lobular  vessels  near  the  boundary  zone;  whilst  most  of  the 
chronic  changes  tend  rather  to  begin  towards  the  surface  of  the  kidney, 
i.  e.  nearer  the  terminal  distribution  of  the  vessels. 

Hyaline  degeneration  of  the  smaller  arteries  and  arterioles  has  been 
already  mentioned  (p.  874),  as  has  also  Waxy  Disease  of  the  renal  vessels 
(p.  873). 
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Fig.  392. — Chronic  Granular  Contraction  of  Kidney.     Medium-sized  artery,  in  tran- 
section, shewing  proliferation  of  intima,  and  hypertrophy  and  fibrous  thickening 
of  middle  coat.    There  is  marked  perivascular  proliferation  of  fibrous  tissue- 


(6)  CAPILLARIES  :— 

i.  Of  Glomeruli  (already  considered  on  p.  873). 

ii.  Inter-tubular    Capillary    plexus. — Tin  ,  heady    explained,  ia 

specially  liable  to  be  affected  by  glomerular  disease.    The  are  very 

intimately  connected  with  the  tubules  which  they  supply,  and  beta 
which  they  run,  and  therefore  arc  likely  to  Buffer  in  disease  of  the  tubules — 
for  example,  they  will  be  compressed  by  swelling  of  the  tubular  epithe- 
lium.    They  will  also  be  aiTeeted  by  any  interstitial  proliferation  around 
them,  and  may  become  compressed  and  narrowed  to  a  varyii  y 
in  such  conditions. 

iii.  Vasa  Recta  and  Capillaries  of  Medulla.    The  arteriole  reel 
off  by  the  arterial  renal  arches — and  to  a  Blight  extent  from  the  i' 
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lobular  arteries  and  efferent  glomerular  arterioles  near  the  boundary- 
zone,  see  fig.  390  (ar,  ar),  p.  868 — pass  down  into  the  medulla,  and  divide 
into  leashes  of  straight  capillaries  which  run  between,  and  supply,  the 
looped  tubules,  collecting  tubules,  and  uriniferous  ducts.  These  vessels 
are  specially  subject  to  Waxy  Degeneration,  as  already  indicated,  and 
are  also  liable  to  become  dilated  in  cases  of  acute,  and  more  particularly 
of  chronic,  venous  congestion. 

(c)  VEINS. — These    shew     specially    the    changes    described    under 
chronic  venous  congestion  (see  p.  908). 


D.— PATHOLOGICAL   CONDITIONS  AFFECTING    ESPECIALLY 
THE   TUBULES   OF  THE   KIDNEY 

Degenerative  changes  may  occur  very  readily  in  the  epithelial  cells 
of  the  tubules,  especially  where  these  are  most  highly  endowed  and 
specialised,  i.e.  in  the  proximal  convoluted  tubule,  the  ascending  or 
broad  part  of  Henle's  loop,  and,  to  a  less  extent,  the  distal  convoluted 
tubule.  Such  damage  to  the  epithelium  may  be  due  to  the  action  of 
bacterial  toxins,  e.g.  in  diphtheria,  pneumonia,  etc.:  or  of  certain  toxic 
products  of  metabolism,  such  as  are  produced  when  renal  or  hepatic 
excretion  is  abnormal,  or  from  other  causes.  Poisons,  such  as  corrosive 
sublimate  and  cantharides,  may  also  cause  very  intense  degenerative 
changes  in  the  renal  epithelium,  and  may  lead  to  extensive  necrosis  of 
the  more  delicate  cells. 

Any  interference,  either  total  or  partial,  sudden  or  gradual,  with  the 
blood-supply  of  the  organ,  will  cause  very  important  degenerative  changes. 
Cutting  off  of  the  blood-supply,  by  means  of  a  ligature,  for  an  hour, 
will  lead  to  very  serious  damage ;  and  for  an  hour  and  a  half,  may  cause 
extensive  necrosis  of  the  tubular  epithelium  in  the  above-mentioned 
situations.  Similar  changes  may  be  produced  acutely  by  embolism  or 
thrombosis ;  or,  in  a  more  gradual  manner,  by  chronic  vascular  diseases 
such  as  obliterative  endarteritis.  In  like  manner,  as  mentioned  above, 
any  obliterative  lesions  of  the  glomeruli  will  affect  the  tubules,  by  eliminat- 
ing or  cutting  off  the  blood-flow  into  the  inter-tubular  capillaries,  and 
also  by  interfering  with  the  watery  secretion  of  the  glomerular  tufts, 
and  thus  preventing  its  normal  passage  down  the  corresponding  tubules. 

(1)  CLOUDY  SWELLING  OF  THE  KIDNEY  is  an  exceedingly  common 
phenomenon,  and  is  produced  by  the  usual  causes,  as,  for  example,  the 
action  of  bacterial  and  other  poisons;  and  typical  specimens  of  this  may 
be  seen  after  death  from  pneumonia,  diphtheria,  typhoid,  and  various 
other  acute  infective  fevers.  In  such  cases  of  cloudy  swelling,  there 
may  be,  clinically,  a  corresponding,  more  or  less  transitory,  albuminuria; 
and  marked  swelling  of  the  organ,  and  a  softening  in  its  consistence,  are 
usually  present.   The  cortex  is  swollen,  pale,  and  opaque — as  if  it  had  been 
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dipped  in  boiling  water ;  and  its  vascular  markings  are  obscured  owing 
to  compression  and  emptying  of  the  vessels  by  the  swollen  tubules,  the 
result  being  a  more  homogeneous  appearance  to  the  naked  eye.  In  the 
earlier  stages,  there  is  marked  congestion,  winch,  for  the  reason  just  men- 
tioned, soon  passes  off,  remaining  longest  in  the  straight  vessels  of  the 
pyramids.  The  red,  congested  condition  gives  place  first  to  a  pinkish- 
white,  and  later  to  a  pale  opaque -whitish  tint.  All  degrees  of  cloudy  swell- 
ing may  occur,  and  the  ultimate  results  upon  the  organ  will  depend, 
naturally,  on  the  intensity  and  duration  of  application  of  the  irritant.  If 
slight  in  degree,  the  epithelium  may  entirely  recover;  or,  if  more  severe, 
the  recovery  may  be  only  partial  and  the  cells  be  degraded  to  a  lower  type, 
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Fig.  393. — Cloudy  Swelling  in  Secreting  Tubules  of  Kidney.  The  smaller  tubules  are 
the  narrow  portions  of  Henle's  loops,  and  are  less  affected  than  the  larger  convoluted 
tubules,  which  shew  swelling  of  the  cells  (producing  an  irivinilarly  stellate  lumen), 
loss  of  nuclear  staining,  etc.     From  a  case  of  acute  pneumonia.      \  200  diam. 

e.g.  cubical  or  even  flattened  epithelium  may  replace  the  columnar  type. 
The  cells  may  undergo  secondary  fatty,  or  other  degenerative  and  necrotic, 
changes.  In  severe  cases,  catarrhal  or  other  inflammatory  phenomena 
may  supervene,  and  these  are  generally  associated  with  fatty  degeneration. 

(2)  FATTY  DEGENERATION.- Cases  of  fatty  degeneration  of  the 
kidney  may  be  divided  into  two  great  groups — those  in  which  the  con- 
dition is  primary,  and  those  in  which  it  is  secondary,  i.  e.  supervenes  upon, 
and  is  associated  with,  other  pathological  lesions  Buch  as  cloudy  swelling, 
inflammation,  etc. 

Primary  Fatty  Degeneration  of  the  kidney  tends  to  occur  in  toxic 
and  chronic  wasting  diseases  sueh  as  cancer,  phthisis,  diabetes,  pro- 
longed fevers,  etc.  It  may  arise  from  the  action  of  certain  poisons  such 
as  arsenic,  phosphorus,  alcohol,  chloroform,  etc.;  or  it  may  be  produced 


DISEASES  OF  THE  GENITO-URINARY  SYSTEM 


881 


Fig.  394. — Cloudy  Swelling  of  Secreting  Tubules  of  Kidney.    Shewing  the  changes 
described  in  the  text.     From  a  case  of  typhoid  fever.      X  300. 
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Fig.  395. — Necrosis  of  Tubules  following  upon  Cloudy  Swelling  in  the  Kidney.  Shewing 
absence  of  nuclei  in  the  majority  of  the  cells  of  the  secreting  tubules,  (a)  Collecting 
tubule,  least  affected.     (6)  (6)  Secreting  tubules,  most  affected.     X  300. 
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by  deficiency,  excess,  or  other  abnormalities  of  nutrition.  Among  the 
last-mentioned  causes,  diabetes  mellitus  is  very  commonly  placed,  but 
the  fatty  changes  in  this  disease  are  perhaps  due  also  to  the  action  of 
some  as  yet  unknown  toxic  agent  or  substance;  the  same  being  in  all 
probability  the  case  with  regard  to  fatty  degeneration  of  the  kidney  in 
pernicious  anaemia. 

The  fatty  change  affects  especially  the  highly-organised  convoluted 
secreting  tubules  and  the  thick  or  ascending  portion  of  Henle's  loop, 
the  cells  of  which  come  to  contain  large  numbers  of  minute  oil-  or  fat- 
globules,  which  are  situated  especially  in  the  outer  parts  of  the  cells 
towards  the  basement-membrane  (see  Plate  I,  fig.  2).    These  granules, 


Fig.  39G. — Fatly  Degeneration  of  Epithelial  Cells  of  Convoluted  TvbuU*  of  Kidney. 
The  clear  areas  represent  the  position  of  the  fat,  removed  during  the  process  of 
paraffin-embedding.     The  cells  also  shew  cloudy  swelling.      X  450. 

as  a  rule,  remain  small  and  discrete,  but,  in  some  of  the  more 
intensely  acute  cases,  e.g.  in  delayed  chloroform-poisoning,  they  may 
attain  a  somewhat  larger  size  and  undergo  a  certain  degree  of 
coalescence.  In  severe  cases,  the  endothelial  cejls  of  the  capillaries, 
both  intertubular  and  glomerular,  may  also  be  ailed  ed.  The  epithelial 
cells  of  the  collecting  tubules  and  other  less  highly  differentiated 
structures  suffer  to  a  much  less  degree. 

Secondary  Fatty  Degeneration. — The  association  of  fatty  degeneration 
with  cloudy  swelling,  and  its  relation  to  the  latter  condition,  of  which  it 
may  be  a  sequel,  are  fully  discussed  in  Chapter  II,  pp.  30  and  33. 
Fatty  degeneration  may  also  occur,  and  be  associated,  with  catarrhal  and 
inflammatory  changes,  and  with  waxy  or  amyloid  degeneration.  In  Buch 
cases,  the  process  may  be  extensive,  and  is  usually  irregularly  distributed 
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in  patches,  giving  a  yellowish  or  yellowish-white,  finely-mottled  appear- 
ance to  the  cut  surface,  some  parts  being  more  markedly  affected  than 
others.  In  these  secondary  forms  of  fatty  degeneration,  the  fat-globules 
may  be  larger  in  size  than  in  the  primary  forms.  Relatively  large  globules 
may  thus  be  found  in  catarrhal  cells  which  have  become  detached  from 
their  basement-membrane  and  are  lying  free  in  the  lumen  of  the  tubules 
(see  under  Nephritis,  pp.  889,  891,  etc.). 

(3)  MUCOID  AND  COLLOID  (MUCINOID)  DEGENERATION.— 
Damaged  epithelial  cells,  either  in  situ  or  after  separation  from  their 
basement-membrane,  may  absorb  lymph  or  some  of  its  albuminous 
constituents.  These  swollen  cells,  together  with  transuded  leucocytes, 
etc.,  may  fuse  to  form  what  are  called  "  casts  "  in  the  tubules.  These 
processes  of  cast-formation  occur  both  in  chronic  degenerative  conditions, 
and  in  acute,  subacute,  or  chronic  inflammations. 

(4)  THE  OCCURRENCE  OF  "  CASTS  "  IN  RENAL  DISEASE.— Col- 
lections of  solid  or  semi-solid  material,  e.g.  cells,  fibrin,  etc.,  may  fill  the 
tubules,  and  form  cylindrical  casts  in  them.  These  casts  may  be  seen, 
microscopically,  in  situ,  in  sections  of  the  kidney,  or  they  may  be  found 
in  the  urine.  In  the  latter  case,  they  are  formed  probably  in  the  segment 
of  the  uriniferous  tubule  extending  from  the  termination  of  the  ascending 
part  of  the  loop  to  the  opening  of  the  excretory  tube  at  the  apex  of  the 
papillae — most  commonly  in  the  straight  or  collecting  tubules,  from 
which  they  can  be  easily  washed  out  into  the  urine.  It  is  practically 
an  impossibility  for  casts  formed  in  the  convoluted  tubules  to  be  carried 
as  such  through  the  descending  loop  of  Henle  and  the  other  narrow 
portions  of  the  tubular  system  (see  fig.  390),  though  one  not  infrequently 
meets  with  descriptions  of  their  alleged  occurrence  in  the  urine. 


Varieties  of  Casts  : — 

1.  Those  composed  of  altered  tubular  epithelium  : 

i.  Epithelial  casts,  formed  of  desquamated  epithelial  cells,  which 
are  often  mixed  with  leucocytes,  fibrin,  etc.  These  may  undergo 
various  degenerative  changes,  and  be  found  as — 

ii.  Colloid  casts  (sometimes  wrongly  called  "  waxy ").  When 
swollen,  clear,  and  homogeneous-looking,  these  form  one 
variety  of  hyaline  casts. 

iii.  Granular  casts,  where  the  cells  are  undergoing  granular  dis- 
integration. 

iv.  Fatty  casts,  where  they  shew  fatty  changes. 

2.  Those  composed  of  altered  blood  or  inflammatory  exudate  : 
i.  Blood-casts,  of  altered  or  unaltered  red  blood-corpuscles. 

ii.  Leucocyte-casts. 

iii.  Fibrinous  and  albuminous  casts, — another  variety  of  the  so- 
called  hyaline  casts  (cf.  1,  ii). 
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iv.  Blood-pigment  casts,  containing  granules  or  crystals  of  altered 
haemoglobin  (hsematoidin,  etc.). 
3.  Those  composed  of  normal  or  abnormal  urinary  constituents,  or 
other  substances  excreted  by  the  kidney  : 
i.  Urates,  uric  acid,  etc. 
ii.  Bile-pigment,   e.g.   bilirubin,  in  some  long-standing  cases  of 

jaundice, 
iii.  Calcareous  casts. — Calcification  may  occur  in  necrotic  epithelial 
and  other  forms  of  casts. 


INFLAMMATORY   CONDITIONS  OF  THE   KIDNEY 

I.  SUPPURATIVE  NEPHRITIS.— Pyogenetic  bacteria  may  find  their 
way  to  the  kidneys  by  means  of  the  blood-vessels,  the  lymphatics,  the 
urinary  passages,  or,  directly,  by  traumatic  lesions.    In  ulcerative  endo- 
carditis or  in  pyaemia  from  other  causes,  minute  abscesses  may  occur  in 
the  kidney-substance,  owing  to  the  impaction  of   small   septic  emboli, 
originating  from  a  breaking-down  septic  thrombus  in  a  vein,  or  from  an 
infective  vegetation  on  one  of  the  heart-valves.    These  abscesses  may  be 
found  throughout  the  kidney-substance,  but,  owing  to  the  fact  that  the 
emboli  are  usually  small  in  size  and  tend  to  be  caught  in  the  smaller 
branches  of  the  arteries  and  in  the  glomerular  and  intertubular  capil- 
laries, they  are  found  especially  along  the  lines  of  the  vessels  in  the  cortex, 
frequently  exhibiting  a  radial  appearance  corresponding  to  the  distribu- 
tion of  those  vessels.    They  may  also  be  found  along  the  arteriole  rectae 
in  the  medulla,  and  even  around  some  of  the  larger  branches  of  the  renal 
artery.     On  microscopical  examination,  a  minute  thrombosed  artery  or 
capillary,  containing  a  dark-staining  plug  of  organisms,  most  commonlv 
Staphylo-  or  Strepto-cocci,  can  usually  be  found  in  the  centre  of  such  an 
embolic  abscess  (see  fig.  397).    Around  this  little  vessel,  if  the  embolism 
has  occurred  a  sufficient  length  of  time  before  death,  intense  necrotic 
changes  may  be  seen  in  the  neighbouring  kidney -tissue,  the  structural 
characters  of  which  become  lost.    The  necrotic  area  shews  diffuse  staining 
with  the  acid  dye  (e.g.  eosin),  and  an  infiltration  with  leuocytes,  chiefly 
of  the  polymorphonuclear  type.     At  a  later  period,  softening  supervenes, 
and  minute  abscesses  are  formed,  which  tend  to  be  elongated  in  the  line 
of  the  vessel  in  which  the  condition  originates.    Neighbouring  abso 
may  coalesce,  giving  rise  to  lines  of  more  diffuse  suppuration.     When 
the  septic  emboli  have  become  impacted  only  a  short  time  before  death. 
plugs  of  micrococci  may  be  found  in  some  of  the  vessels,  with  very  little 
or  no  inflammatory  reaction  around  them. 

Another  and  very  common  variety  of  suppurative  nephritis  is  that 
due  to  the  spread  of  infection  from  below,  by  way  of  the  urinary  passages 
or   by  their   lymphatic   channels.     This   condition   has   been    variously 
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denominated  "  consecutive  nephritis,"  "  surgical  kidney,"  or,  from  the 
fact  that  the  pelvis  is  involved  as  well  as  the  substance  of  the  kidney, 
suppurative  pyelo-nephritis.  The  second  of  these  terms  arose  from  the 
great  frequency  with  which  the  condition  supervened  upon  surgical 
interference  with  the  urinary  passages — especially  the  use  of  the  catheter 
— in  the  days  before  asepsis  was  understood  and  practised.  This  form  of 
suppurative  nephritis  is  specially  common  in  conditions  which  produce 
or  lead  to  cystitis  :  for  example,  paralysis  of  the  bladder  in  lesions  of  the 
spinal  cord,  the  irritation  of  calculi,  gonorrhceal  infection,  the  passage  of 
a  dirty  catheter,  etc.    The  kidney  is  generally  infected  by  the  spread  of 


Fig.  397.—  Abscess  in  the  Kidney.   Shewing  darkly- stained  central  embolic  plug  of  bacteria 
in  a  small  artery,  with  surrounding  mass  of  leucocytes,      x  50.° 

a  catarrhal  change  up  the  ureter  to  the  pelvis.  In  the  latter,  the  earliest 
naked-eye  manifestation  of  the  inflammation  is  usually  found  in  the  little 
pouches  where  the  calyces  surround  the  papillae.  A  suppurative  pyelitis 
may  develop,  and  this  may  spread  to  the  kidney  substance  and  become  a 
pyelo-nephritis.  In  some  cases,  the  condition  starts  in  the  pelvis  of 
the  kidney  itself,  e.g.  when  it  is  the  seat  of  calculus-formation.  The 
exact  route  by  which  the  infection  reaches  the  kidney-tissue  is  still  doubt- 
ful. There  are  three  available  channels  of  infection,  viz.  the  blood-vessels, 
the  lymphatics,  and  the  uriniferous  tubules— the  last  being  in  all  proba- 
bility the  least  common  route.  The  minute  abscesses  characteristic  of 
the  condition  are  distributed  along  the  lines  of  the  vessels,  but  it  is  uncer- 
tain whether  the  condition  is  due  to  embolic  infection  by  way  of  the  blood- 
vessels, as  is  the  case  in  ulcerative  endocarditis  and  in  pysemia,  or  to  a 
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spread  by  way  of  the  lymphatic  channels  situated  in  the  connective-tissue 
framework  of  the  kidney,  and  which  are  specially  numerous  around 
the  vessels. 

The  naked-eye  appearances  of  the  kidney  are,  as  a  general  rule,  very 
characteristic.  The  organ  is  usually  swollen,  softer,  and  more  vascular 
than  normal.  On  the  surface  beneath  the  capsule,  and  along  the  lines  of 
the  vessels  in  the  substance  of  the  organ,  are  seen  small,  whitish  or  yellow- 
ish-white points,  arranged  singly  or  in  clusters,  each  surrounded  by  a  zone 
of  intense  hyperemia.  These  are  scattered  irregularly  along  the  hues 
of  the  vessels,  both  in  the  medulla  and  in  the  cortex,  forming  dotted, 
radiating  lines,  which  may  sometimes  extend  from  the  apex  of  a  papilla 
to  the  surface  of  the  kidney.  Both  organs  are  usually  affected,  though 
often  in  varying  degree ;  and,  associated  with  the  condition,  there  is  always 
intense  catarrh  of  the  pelvis  and  of  its  calyces  (pyelitis) — this  being  usually 
most  marked  immediately  around  the  papillae  of  the  Malpighian  pyramids. 

Traumatic  suppuration  of  the  kidney  may  occur,  especially  where 
there  is  rupture  of  the  renal  substance  or  of  a  cyst. 

PYELITIS  OR  INFLAMMATION  OF  THE  PELVIS  OF  THE  KIDNEY. 
This  condition  may  be  suppurative  or  non-suppurative.  Milder  degrees 
of  pyelitis  may  be  due  to  the  excretion  by  the  kidney  of  irritants 
such  as  cantharides,  turpentine,  sandalwood,  copaiba,  etc. :  or  to 
acute  retention,  chronic  urinary  obstruction,  etc.  Pyelitis  arises  most 
usually  by  direct  spread  of  infection  from  the  kidney-tissue  above,  or 
from  the  bladder  and  ureter  below,  though  occasionally  it  is  due 
to  direct  hematogenous  infection.  Bacteria  may  pass  into  the 
blood-stream  from  a  tonsillitis,  boil,  carbuncle,  pyorrhoea,  or  some 
other  local  infective  conditions :  or  through  the  intestinal  mucous 
membrane  in  constipation,  catarrh,  etc.  In  typhoid,  paratyphoid, 
Mediterranean,  and  other  infective  fevers,  the  causal  organisms  are 
practically  always  present  in  the  blood  at  some  stage  of  the  disease. 
Such  organisms  are  removed  from  the  blood  by  the  liver  and  kidi 
In  the  case  of  the  kidney,  little  local  damage  may  follow,  but, 
on  the  other  hand,  a  pyelitis  or  pyelo-nephritis  may  be  produced. 
It  may  occur  in  either  sex  and  from  a  large  number  of  infective 
causes,  but  it  is  particularly  common  in  the  female  immediately 
after  marriage,  during  pregnancy,  or  after  parturition,  and  is  very 
frequently  due  to  infection  with  B.  coli.  Acute  pyelitis  is  not 
at  all  uncommon  in  infancy  and  early  childhood,  especially  in  gills, 
and  is  usually  associated  with  intestinal  trouble,  especially  constipation. 
or  constipation  with  occasional  attacks  of  diarrlnea.  The  oommoi 
organism  found  in  these  i  11.  ooft,  though  staphyUh  or  strepto-co< 

1  The  group  of   Streptococci  associated   with  acute  rheumatism,  and  chr- 
rheumatic,  rheumatoid,  and  allied  conditions,  I  frequency  in 

the  urine,  usually  with  little  or  no  local  <  i  ly  from  examina- 

tion of  the  urine,  of  any  active  inflammatory  or  other  reaction  in  the  genito-urinary 
system  itself. 
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may  occur,  and  the  authors  have  also  not  infrequently  found  B.  para- 
typhosus.  In  certain  cases,  however,  pyelitis  may  arise  from  some  cause 
in  the  pelvis  itself,  most  commonly  from  the  irritation  of  a  calculus  or 
calculi,  or  of  oxalate-crystals,  etc.,  with  secondary  bacterial  infection. 

If  suppuration  is  produced,  and  the  pelvis  of  the  kidney  becomes 
distended  with  the  pus  so  formed,  the  term  pyo-nephrosis  is  applied 
to  the  condition.  As  a  result  of  this  pyo-nephrosis,  which  may  also  be 
caused  by  suppuration  supervening  in  a  case  of  hydro -nephrosis 
(q.v.,  p.  906),  the  kidney  becomes  progressively  destroyed — owing  partly 
to  pressure,  and  partly  to  an  extension  of  the  suppurative  process 
into  it — and  may  ultimately  be  represented  by  a  sacculated  bag  of 
pus,  the  walls  of  which  are  formed  by  the  distended  pelvis  and  the  cap- 
sule of  the  organ.  The  condition,  in  some  cases,  especially  if  both  kidneys 
are  involved,  causes  the  death  of  the  patient,  but,  in  others,  where 
only  one  organ  is  affected,  the  pus  may  become  inspissated  by  absorption 
of  its  fluid  constituents,  leaving  as  a  residue  a  white,  or  yellowish-white, 
plaster-like  mass,  in  which  calcification  is  liable  to  occur.  In  such  a 
case,  it  is  sometimes  difficult  to  determine  whether  the  condition  has 
originally  been  due  to  suppurative  organisms  or  to  tuberculosis. 

PERI-NEPHRITIS,  PERI-NEPHRIC  AND  PERI-NEPHRITIC  ABSCESS. 
Inflammation  of  the  tissues  immediately  around  the  kidney  may  be 
suppurative  or  non-suppurative.  In  the  latter  case,  the  condition  may 
become  chronic  and  lead  to  fibrosis  of  the  fatty  tissue  around  the  organ , 
with  adhesions  to  the  capsule.  The  kidney  is  usually  itself  diseased  in 
such  cases,  and  any  form  of  chronic  inflammation  such  as  pvelo-nephritis, 
pyo-nephrosis,  calculus,  tuberculosis,  etc.,  may  be  found.  Lesser  degrees 
of  fibrosis  of  the  peri-nephric  fat  may  be  due  to  vascular  changes  secondary 
to  those  in  the  kidney,  described  on  pp.  876  and  896-7.  On  the  other 
hand,  suppuration  may  occur  in  the  loose  fatty  areolar  tissue  around  the 
kidney.  The  latter  may  thus  become  embedded  in  an  abscess,  the  sub- 
stance of  the  organ  itself,  unless  previously  involved,  remaining,  as  a  rule, 
free  from  the  suppurative  process.  The  condition  may  be  due  to  the  rup- 
ture of  a  cyst  on  the  surface  of  the  organ,  or  to  the  extension  of  an  infective 
process  in  the  pelvis  or  some  other  part  of  the  kidney;  but,  in  many 
instances,  the  cause  lies  altogether  outside  the  kidney  itself.  Thus,  it 
occasionally  arises  during  the  course  of  some  infective  fever,  such  as 
typhoid,  scarlet  fever,  measles,  pneumonia,  etc.,  or  as  a  complication  of 
tonsillitis,  carbuncle,  etc. ;  or  it  may  be  due  to  the  extension  of  some 
infective  condition  from  neighbouring  parts,  e.  g.  from  tuberculous  or 
other  disease  of  the  vertebrae  or  lower  ribs,  from  an  empyema  burrowing 
downwards,  or  from  the  extension  of  an  abscess  in  connection  with  the 
intestines  or  other  abdominal  viscera.  In  many  cases,  however,  t  he  cause 
is  obscure.  The  commonest  organisms  found  are,  in  order  of  frequency, 
B.  coli  or  organisms  of  coliform  type,  Streplo-  and  Staphylo-  cocci,  / 
lander's  bacillus,  and,  much  more  rarely  of  the  Pncumo-  and  Gono-  coccus. 


888  SPECIAL  PATHOLOGY 

II.  NON-SUPPURATIVE  NEPHRITIS.— Various  forms  of  inflam- 
matory disease  of  the  kidney  are  often  included  under  the  name  "  Bright's 
Disease,"  which,  however,  is  a  very  indefinite  and  loosely-applied  term. 
Bright's  Disease  usually  signifies  a  morbid  condition  of  the  kidney  accom- 
panied clinically  by  albuminuria,  and  includes  some  inflammatory  con- 
ditions, some  non-inflammatory  chronic  degenerative  changes,  and  fre- 
quently mixtures  of  both.  With  the  albuminuria,  there  may  be  associated 
in  some  cases  dropsy,  in  others  uraemic  symptoms,  and  in  others  both 
of  these  conditions. 

On  the  other  hand,  uraemia  may  sometimes  be  found — especially  in 
certain  cases  of  granular  contracted  kidney — without  albuminuria. 

Varieties  of  Nephritis. — Nephritis  may  be  acute,  subacute,  or  chronic; 
and,  frequently,  combinations  of  these  various  forms  are  found  in  the 
same  organ — acute  or  subacute  exacerbations  being  of  frequent  occurrence 
in  kidneys  which  are  already  the  subject  of  chronic  inflammatory  and 
degenerative  lesions.  The  cause  of  non-suppurative  nephritis  is  commonly 
the  action  of  some  toxic  irritant  carried  to  the  kidney  by  the  blood- 
stream :  for  example,  the  bacterial  or  other  toxins  produced  in  diphtheria, 
scarlet  fever,  pneumonia,  and  other  acute  infective  fevers  and  septicaemias 
and  the  toxic  products  derived  from  any  long-standing  local  infective  area. 

Under  the  term  "  Trench  Nephritis,"  of  which  so  many  cases  were 
described  during  the  war,  it  is  probable  that  a  number  of  different  con- 
ditions is  embraced.  Many  cases  so  diagnosed  have  been  simply  a 
nephritis  of  any  of  the  ordinary  recognised  types,  occurring  in  soldiers 
exposed  to  severe  climatic  and  other  predisposing  conditions;  but, 
excluding  these,  a  considerable  number  of  cases  have  occurred  in  which 
some  more  specific  infective  agent  appears  to  be  the  cause.  This 
subject  will  be  dealt  with  on  p.  904.  In  other  cases,  the  kidney-lesions 
appear  to  be  due  to  the  action,  often  over  prolonged  periods,  of 
normal  or  of  abnormal  products  of  metabolism.  The  usual  example 
cited  of  this  is  the  form  of  nephritis  occurring  in  gout,  but  it  is  by  no 
means  improbable  that  here  also  we  are  dealing  with  the  effects  of 
a  chronic  infective  process.  The  kidney  is  extremely  liable  to  the  action 
of  poisonous  substances  such  as  cantharides,  turpentine,  corrosive  sub- 
limate, carbolic  acid  and  its  allies,  etc.  Some  of  these  possess  a  specially 
selective  action  upon  such  parts  or  elements  of  the  kidney  structure  as  the 
glomeruli,  the  secreting  tubules,  etc. — that  is,  on  parts  specially  concerned 
in  the  elimination  of  these  substances  from  the  system. 

Two  of  the  most  essential  facts  to  be  borne  in  mind  in  connection 
with  these  forms  of  nephritis,  and  to  which  attention  has  already  been 
drawn,  are,  (1)  that  both  kidneys  are  always  affected,  though  sometimes 
in  varying  degree;  and  (2)  that  their  whole  structure— glomeruli, 
tubules,  interstitial  tissue,  and  blood-vessels — is  affected  throughout, 
though  in  each  individual  case  some  of  these  structural  elements  may 
be  more  specially  affected  than  the  others. 


DISEASES  OF  THE  GENITO-UKINARY  SYSTEM         889 

A.  ACUTE  NEPHRITIS. — Acute  inflammation  of  the  kidneys  may 
occur  in  some  of  the  acute  infective  diseases,  especially  in  diphtheria 
and  scarlet  fever,  and  in  cases  of  poisoning  with  turpentine,  cantharides, 
corrosive  sublimate,  etc. 

Vascular  changes. — These  consist  of  acute  hyperemia  with  swelling  of 
the  organ,  and  are  sometimes  very  intense.  Their  development  is  impeded 
by  the  firmness  of  the  capsule,  though  in  a  day  or  two  the  kidney  may 
increase  to  two  or  three  times  its  normal  size .  In  the  glomeruli,  the  change 
is  characterised  by  hyperemia  and  hyaline  swelling  of  the  capillaries, 
exudation,  leucocyte-infiltration,  and  perhaps  haemorrhage  from  ruptured 
capillaries.  In  some  cases,  e.g.  in  corrosive-sublimate  poisoning,  there 
is  .swelling  of  Bowman's  capsule  and  swelling  and  proliferation  of 
its  lining  cells,  but  these  changes  are  usually  slight.  The  intertubular 
capillary  plexus  is  engorged  at  first,  but  speedily  becomes  com- 
pressed and  emptied  of  blood  by  the  swelling  of  the  tubules.  Acute 
changes  in  the  walls  of  the  vessels,  such  as  hyaline  degeneration, 
etc.,  may  be  found,  and  there  is  usually  engorgement  of  the  straight 
venules,  around  which  there  may  be  exudation,  leucocyte-emigration, 
and  haemorrhage. 

Intertubular  or  interstitial  changes. — Lymph-transudation  into  the 
tissues  is  comparatively  slight,  except  in  some  septic  cases.  It  is  usually 
seen  first  round  the  vessels  and  glomeruli,  forming  clearer  areas  where  the 
tissues  are  separated ;  but  this  change  is  seldom  very  marked,  probably 
owing  to  the  firm  fibrous  capsule  of  the  organ.  Lymph-transudation 
between  the  tubules  is  only  very  slight  in  amount.  Leucocyte-emigration 
may  shew  specially  around  the  small  venules,  e.  g.  the  efferent  vessels  of 
the  glomeruli  and  the  straight  venules,  and  also  under  the  capsule.  It  is 
usually  only  slight,  but  in  septic  cases  it  may  be  abundant.  Many  of  the 
emigrated  leucocytes,  both  polymorphonuclear  and  mononuclear — the 
latter  being  often  specially  numerous — pass  into  the  tubules  and  assist 
in  the  formation  of  casts.  They  may  exhibit  phagocytic  activities,  or 
may  themselves  be  taken  up  by  the  epithelial  cells.  Proliferation  of 
connective  tissue  between  the  tubules  is  not  pronounced  in  the  early 
acute  cases,  and,  if  at  all  marked,  points  to  the  condition  being  subacute 
or  chronic  rather  than  acute. 

The  epithelium,  especially  of  the  convoluted  tubules  and  the  ascending 
part  of  Henle's  loop,  usually  shews  well-marked  degenerative  changes 
— cloudy  swelling,  granular  disintegration,  loosening  of  the  cement- 
substance,  catarrhal  and  necrotic  changes,  secondary  fatty  degeneration, 
formation  of  casts,  etc.  These  changes  in  the  tubular  epithelium  are 
due  to  the  direct  action  of  the  toxins  on  the  cells  :  and  also  to  interference 
with  their  vascular  supply.  Catarrhal  and  proliferative  changes  are  often 
best  seen  in  the  portions  of  the  uriniferous  tubules  which  are  less  highly 
specialised,  i.  e.  in  the  collecting  tubules — hence  casts  are  specially  liable 
to  be  found  in  the  urine  in  these  cases — cellular  or  forms  derived  from 
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these,  blood-  or  blood-pigment  casts  in  hemorrhagic  cases,  along  with 
albumin,  blood,  etc. 

Naked-eye  appearance  of  the  Kidney  in  Acute  Nephritis. — The  kidney 
is  enlarged,  soft,  and  often  more  rounded  than  normal.  Its  capsule  is 
tightly  stretched,  not  thickened  in  uncomplicated  cases,  and  strips  easily, 
leaving  a  smooth,  pale,  mottled  surface,  upon  which  the  stellate  veins  are 
often  well  marked.  On  section,  the  cortex,  both  superficial  and  deep, 
is  swollen,  pale,  and  mottled.  It  is  sometimes  pinkish  in  colour,  and,  in 
intensely  toxic  cases,  may  present  a  uniform  or  mottled  red  colour  with 
haemorrhages.  The  medulla  is  usually  not  much  altered,  but,  in  some 
cases,  it  shews  congestion. 

Results. — There  may  be  more  or  less  complete  recovery ;  or,  in  some 
cases,  the  condition  becomes  subacute  or  chronic. 

B.  SUBACUTE  DIFFUSE  NEPHRITIS.— In  some  instances,  this 
condition  may  follow  a  previous  acute  attack,  for  example,  as  a  sequel 
of  scarlet  fever.  There  is,  in  many  cases,  however,  no  evidence  of  any 
such  previous  acute  attack,  the  disease  being  apparently  subacute  from 
the  first,  with  insidious  onset  and  slow  progressive  course.  Some  cases 
appear  to  follow  endocarditis  and  other  rheumatic  conditions  (see  foot- 
note on  p.  886),  pregnancy  complicated  by  albuminuria,  etc.,  and  seem 
to  be  due  to  some  slow-acting,  toxic  substance  or  substances  of  un- 
known nature.  In  all  probability  a  proportion  of  these  cases  are 
produced  by  chronic  infections  of  the  tonsils,  throat,  gums  and  tooth- 
sockets,  nasal  accessory  sinuses,  intestine,  etc.,  in  which  various  strepto- 
cocci and  other  organisms  play  an  important  part.  Similar  changes  in 
the  kidney  may  be  found  accompanying  syphilitic  disease  and  waxy 
degeneration,  whether  the  latter,  in  a  given  case,  be  due  to  syphilis  or  to 
some  other  cause. 

The  duration  of  such  cases  varies  very  much.  In  scarlatinal  nephritis, 
the  patient  may  die  during  the  acute  stage,  but,  more  commonly,  not  till 
the  disease  has  become  subacute,  e.  g.  from  three  or  four  weeks  up  to  many 
months  after  the  onset  of  the  fever.  Again,  the  condition  may  become 
more  chronic,  and  may  last  from  two  to  six  or  seven  years — in  which 
case,  the  condition  of  the  kidneys  may  come  to  resemble  that  found  in 
chronic  granular  contraction,  with  fibrous-tissue  overgrowth,  adhesion 
of  the  capsule,  thickening  of  the  vessels,  and  atrophy  of  the  secreting 
structures. 

Naked-eye  appearances. — These  vary  with  the  cause,  duration,  and 
distribution  of  the  change  in  the  kidney.  In  early  cases,  e.g.  in  those 
in  which  death  takes  place  in  the  course  of  a  few  weeks,  the  kid] 
are  enlarged  from  swelling  of  the  cortex;  but,  in  later  cases,  c.  g.  those 
lasting,  say,  from  seven  to  fourteen  weeks,  the  enlargement  may  be  slight 
or  absent,  or  the  organ  may  be  normal  or  even  diminished  in  size,  and  is 
generally  rather  firm  in  consistence.  The  capsule  is  not  usually  thickened 
or  adherent,  and  strips  readily,  leaving  a  smooth  surface,  which    is 


DISEASES  OF  THE  GENITO-UKINARY  SYSTEM         891 

pale  or  somewhat  pinkish  in  colour,  often  with  numerous  small  red  or 
brownish-red  points  upon  it.  There  are  usually  no  cyats.  In  the  later 
cases  (seven  to  fourteen  weeks),  the  swelling  of  the  cortex  may  have  passed 
off,  especially  that  in  the  superficial  cortex.  This  occurs  usually  where  the 
glomeruli  are  affected,  and  where,  in  consequence,  interference  with  the 
blood-supply  and  atrophy  of  the  cortex  take  place.  In  such  cases,  well- 
marked  interstitial  changes  are  generally  present.  The  inter-pyramidal 
or  deep  cortex  may  still  shew  considerable  swelling,  as  the  changes  there 
are  often  not  so  advanced  as  in  the  superficial  cortex,  and  there  is,  there- 
fore, in  this  region,  more  glandular  tissue  surviving,  in  which  such  swelling 
may  occur.  The  cortex  is  usually  pale,  and  often  shews  a  mottled,  white 
or  yellowish -white  appearance  from  patches  of  catarrh  and  fatty  change  in 
the  tubules.  The  lines  of  the  vessels  are  usually  distinct,  and  shew  no 
distortion,  the  glomeruli  or  their  vessels  being  often  unusually  well  seen. 
Frequently  there  are  also  numerous  small  red  or  brownish-red  points  due 
to  dilated  vessels,  and,  in  some  cases,  where  the  superficial  cortex  is  much 
diminished,  the  deep  cortex  may  shew  very  great  swelling  and  more  acute 
changes,  often  with  well-marked  "  bran-like  "  mottling.  Where  there  is  any 
great  degree  of  interstitial  overgrowth,  the  kidney  is  usually  large,  firm  in 
consistence,  and  pale  in  colour,  one  form  of  the  so-called  "  large  white 
kidney  " — a  term  which,  as  already  indicated,  it  is  very  inadvisable  to 
employ — often  erroneously  described  as  "fatty."  Secondary  fatty 
change  may,  however,  sometimes  be  found  to  a  high  degree,  following 
upon  catarrh  of  the  tubules,  and  giving  rise  to  the  already  mentioned 
mottling  of  the  cortex. 

Microscopical  examination. — A  kidney  which  may  appear  almost  nor- 
mal to  the  naked  eye,  may,  under  the  microscope,  shew  all  its  structural 
elements  affected,  though,  in  some  instances,  the  changes  in  the 
interstitial  tissue,  and,  in  others,  those  in  the  glomeruli,  may  markedly 
preponderate. 

Vascular  changes. — In  some  early  cases,  the  vessels  may  not  be  much 
thickened,  but,  even  where  they  appear  almost  normal  to  the  naked  eye, 
they  may  be  found  extensively  altered  when  examined  microscopically. 
In  cases  of  longer  duration,  there  is  often  very  considerable  thickening, 
both  of  the  larger  and  of  the  smaller  arteries.  All  the  coats  may  be  dis- 
eased, and  the  lumen  may  be  much  diminished.  The  inner  coat  is  almost 
always  affected,  and  may  shew  cellular  and  fibrous  thickening.  The 
middle  coat  is  usually  thickened — often  very  considerably — from  actual 
hypertrophy  of  its  muscular,  as  well  as  from  overgrowth  of  its  fibrous, 
tissue.  Later,  the  fibrous  changes  tend  to  become  more  marked,  and  be 
accompanied  by  atrophy  and  degeneration  of  the  muscle.  The  outer  coat 
may  shew  very  extensive  peri-arteritic  changes,  e.g.  fibrous  thickening 
extending  into  the  surrounding  tissues,  leucocyte-infiltration,  etc.  Hyaline 
changes  (to  which  reference  has  already  been  made  on  p.  874),  are  often 
present  in  the  smaller  vessels,  for  example,  in  arterioles  and  capillaries, 
especially  in  those  of  the  glomeruli. 
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Glomeruli. — The  pathological  changes  in  these  are  of  the 
importance;   and  all  stages,  bom  swelling  of  the  tuft  up  to  coin: 

fibrous  atrophy,  may  be  found  in  the  Bame  kid]  ••        These  stages  fa 
already  been  described  (p.  875),  the  most  important  being  : — 

i.  Swelling  of  the  tuft  from — 

(a)  Engorgement  of  the  capillaries  with  blood. 

(b)  Thickening  of  the  capillary  walls  from  swelling  or  prolii 

tion  of  their  endothelium,  and  ol  their  del  tritheHal 

or  supporting  connective-tissue  coat.     The   capillary  wall 
may  shew  hyaline  degeneration. 

(c)  Swelling  and  proliferation  of  the  connective  tissue 

the  capillaries. 


*99m 


I  i .     8  fust    Nejohriiis,  in  which  the  glomeruli  an  Bpeowll} 

and  exhibit  the  renew  iweUing,  proKi  md  obtitemtion, 

in  t) 


IV. 


((/)  Infiltration  of  1-  iween  the  capillaries  of  the  tuft, 

inilammaii  ema,    ai  iiely,    fa 

from  the  capillariefl  in  the  Bame  position. 
i  lmidv  Bwelling  of  the  epithelial  oells  covering  the  tuft. 

Irregular  lobulation  of  the  tuft  M). 

Exudation  into  the  lumen  of  the  capsule  of  leu<  fibrin,  fa 

rrha 

Swelling  of  the  cells  lining  the  capsule,  usually  with  prolifei 
and   a   pro  fibrous,   laminated   thickening  lally 

filling  up  the  lumen  from  the  capsule  inv  »99). 
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Fia.  399. — Subacute  Diffuse  Nephritis.  Glomerulus  showing  lobulation  of  tuft,  pro- 
liferation  of  endothelium  lining  Bowman's  capsule,  and  progressive  obliteration  of 
lumen.      X  200. 


-fas'"*        «    >Vfj% 


Y\v,.  400. — n„;  $us€  Xt  i<>  Ilomerulus  shewing  more  edi 

Adhesion  of  the  Leyeu  ol  prolifecated  endothelium  to  the  tuit,  with  oblito 

the  Lumen,  and  pi  fibfOO!  atrophy  of  the  tuft.      X   S 
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v.  Adhesion  of  these  proliferated  endothelial  cells,  etc.,  to  the  tuft, 
and  obliteration  of  the  lumen  of  Bowman's  capsule,  and  hence 
abolition  of  the  function  of  the  glomerulus. 

vi.  Consequent  progressive  fibrous  atrophy  of  the  glomerulus,  with 
obliteration  of  its  capillaries,  and  gradual  shrinking,  until  nothing 
is  left  but  a  small,  rounded,  laminated,  nbp  I  (see  figs.  400 

and  40G). 

vii.  Around  the  glomeruli  there  may  be  exudation,  leucocyte-emigration. 
proliferation  of  connective  tissue,  etc.  In  many  forms  of  sub- 
acute nephritis,  these  glomerular  and  peri-glomerular  conditions 
are  the  most  important  changes  present.  They  are  found 
especially  in  scarlatinal  nephritis. 


1 


Tig.  401.— Subacute  Difjusi  Ni  pkritis  with  special  increase  of  interstitial 
tissue — sometimes    called    "  Interstitial    Nephritis."      x  75. 

Interstitial  changes. — The  interstitial  tissue  between  the  tubules,  and 
particularly  round  the  glomeruli  and  vessels,  may  shew  various  degrees  of 
proliferation,  sometimes  more  cellular,  sometimes  more  fibrous,  in  its 
characters  (see  figs.  400,  401,  and  402).  Infiltration  with  mononuclear 
leucocytes,  mostly  small  Lymphocyte-like  cells,  and  other  inflammatory 
changes,  as  above  mentioned,  are  often  specially  marked  around  the 
glomeruli  and  v<  d  also  sometimes  immediately  subjacent  to  the 

capsule  of  the  organ.  In  certain  cases,  this  interstitial  overgrowth  may 
be  very  marked,  the  change  in  the  large  pale  kidney  being,  as  mentioned 
above,  sometimes  mistaken  Eor  fatty  degeneration. 

Epithelium  of  the  Tubules. — The  convoluted  tubules  are  abnormally 
separated  from  one  another  by  the  above-described  interstitial  elm 
(see  figs.  398,  400,  401,  and  402).    Pathological  alterations  in  the  tubules 
are  usually  not  uniformly  distributed.  <  .<j.  some  >hew  swelling  of  their 
epithelium,  catarrh,  and  fatty  changes;    others   appear  shrunken   and 
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smaller  than  normal ;  others  dilated,  and  with  their  epithelium  atrophied 
and  degraded  to  a  lower  type;  whilst  others  again  may  be  filled  with 
various  forms  of  casts.  Casts  are  also  seen  in  the  collecting  tubules,  and 
may  pass  into,  and  be  found  in,  the  urine,  along  with  numerous  single 
cells  and  leucocytes.  These  changes  are  due,  firstly,  to  obliteration  of 
the  glomeruli,  with  consequent  stoppage  of  their  watery  secretion  and 
cutting  of?  of  some  of  the  blood-supply  to  the  tubules ;  and ,  in  the  second 
place,  to  the  direct  actions  of  the  toxins  on  the  cells  themselves. 

The  naked-eye  and  microscopical  changes  in  such  a  kidney  may  be 


•  .#. '  - 


<fc 


v, 


//<• 


Fig.  402. — Subacute  Diffuse  Nephritis  with  marked  interstitial  overgrowth ;  glomerular 
changes  (g.  g.);  separation  of  tubules,  the  epithelium  of  which  shews  changes  described 
in  text.     X  200. 

further  complicated  by  the  occurrence  of  a  superadded  more  acute  exacer- 
bation; by  the  presence,  in  some  cases,  of  concurrent  waxy  disease;  and 
by  the  addition  of  further  advanced  and  more  chronic  changes,  from  the 
supervention  of  which  the  condition  may  gradually  come  to  resemble 
that  seen  in  chronic  granular  contraction. 


C.  CHRONIC  GRANULAR  CONTRACTED  OR  CIRRHOTIC  KIDNEY. 

The  term  "  granular  "  was  originally  applied  by  Bright  to  the  mottled 
appearance  of  the  cortex,  seen  on  section  of  the  kidney,  in  cases  of  dropsy 
accompanied  by  albuminuria.  Thus,  he  spoke  of  the  "  large  pale  gran- 
ular "  kidney,  "  contracted  granular  "  kidney,  etc.  At  the  presenl  day, 
however,  the  term  has  come  to  be  applied  rather  to  the  character  of  the 
surface  of  the  organ,  especially  in  certain  chronic  cases  accompanied  by 
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contraction,  or  by  the  processes  preceding  and  leading  to  it  (see  figs. 
403  and  407). 

Three  varieties  of  chronic  granular  contraction  may  be  distinguished, 
but  it  is  impossible  to  give  an  absolutely  hard  and  fast  classification, 
as  all  intermediate  forms  between  the  extremes  may  be  seen,  and,  in  B 
given  case,  in  addition  to  the  characteristic  chronic  changes,  there  may 
be  superadded  secondary  more  acute  and  subacute  processes.  All 
intermediate  forms  may  also  be  found  between  the  subacute  varieties 
of  nephritis,  described  above,  and  the  chronic  condition  now  under 
discussion. 

These  three  main  types  of  Chronic  Granular  Contracted  Kidney  are : 
(i)  The  small  red  granular  contracted  kidney — (Atrophic  or  Arterio- 
sclerotic Kidney);  (ii)  the  large  pale  granular  "contracting"  kidney, 
secondary  to  acute,  or  more  commonly  to  subacute,  nephritis,  progressing, 
later,  to  further  degeneration  and  atrophy,  and  becoming  (hi)  the  small 
pale  granular  contracted  kidney,  in  many  cases  indistinguishable  from  the 
first  variety  above  mentioned. 

Various  immediate  forms  may  also  be  found,  such  as  a  large  red 
granular  kidney,  but  the  colour-distinctions  are  not  really  of  much  value, 
as,  amongst  other  factors,  they  depend  largely  on  the  conditions  of  the 
circulation  at  and  preceding  death,  e.g.  the  presence  of  chronic  venous 
congestion,  hypostatic  congestion,  etc. 

It  is  impossible  to  give  a  single  detailed  description  which  will  suit 
each  variety  of  granular  contracted  kidney,  but  there  are  certain  char- 
acteristics which  may  be  common  to  all,  though,  in  individual  instances, 
they  vary  greatly  with  regard  to  the  size,  shape,  colour,  etc.,  of  the  organ. 
The  capsule  is  usually  thickened,  and  adherent  both  to  the  surrounding 
peri-nephric  fat  and  to  the  surface  of  the  kidney  itself.  It  may  strip 
incompletely  and  in  layers,  or  fragments  of  kidney  substance  may  be 
torn  off  along  with  it.  The  subjacent  surface  of  the  organ  is  more  or 
less  finely  granular  or  uneven, from  the  presence  of  small, rounded, morocco- 
leather-like  projections  (see  figs.  403  and  407).  These  are  more  or  less 
regular  and  uniform  in  size  and  shape,  but  are  often  associated  with 
deeper  furrows  and  irregularities.  Upon  it  there  are  usually  scattered  a 
varying  number  of  cysts  of  different  sizes,  from  those  scarcely  visible  to 
the  naked  eye  up  to  some  of  comparatively  large  size  (fig.  407).  The 
superficial  cortex  is  relatively  decreased  in  thickness,  and  its  vascular 
markings  arc  extremely  distorted  and  broken  up,  the  normal  alternation 
of  t  he  regular  lines  of  vessels  and  of  the  medullarv  rays  of  tubules  being 
lost.  The  deep  cortex  may  be  atrophied,  but  is  relatively  more  abundant 
than  the  superficial.  Sometimes  it  is  but  little  altered  in  size,  and,  in 
other  instances,  it  may  even  be  more  swollen  than  normal,  and  exhibit  a 
pale,  mottled  appearance  more  like  that  seen  in  subacute  cases,  i.e.  the 
atrophic  changes  are  more  advanced  in  the  superficial,  and  less  so  in  the 
interpvramidal,  cortex.     In  the  latter  position,  the  disease  may,  there! 
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be  relatively  more  acute.  The  undamaged,  or  partially  damaged,  tubules, 
glomeruli,  etc.,  in  the  deeper  and  interpyramidal  parts  of  the  cortex  may 
become  involved  in  subsequent  attacks,  and  the  clinical  picture  of  Acute 
Bright's  Disease  be  produced  in  a  patient  whose  kidneys  shew  mainly 
a  subacute  or  a  chronic  lesion.  The  medulla  may  present  little  change  to 
the  naked  eye,  or  it  may  also  be  atrophied.  The  blood-vessels  are  usually 
much  thickened,  and  their  lumen  diminished,  the  larger  arteries  commonly 
shewing  well-marked  atheroma  (see  fig.  403).  Owing  to  the  shrinkage 
of  the  whole  kidney-substance,  there  is  usually  a  marked  increase  of  fat 
in  the  hilus  round  the  pelvis.  In  vertical  section,  in  many  advanced 
cases,  the  actual  kidney-tissue  is  represented  by  a  narrow  semicircular 


A  B  CD 

Fig.  403. — Chronic  Granular  Contraction  of  Kidney  (both  organs  from  same  case).  Type, 
Small  Red  Granular  Contracted  or  Arterio-Scierotic  Kidney,  the  vascular  and  atrophic 
changes  being  more  extreme  in  the  left  of  the  two  specimens. 

A  and  D,  outer  surface  from   which  capsule  has   been  somewhat  imperfectly 
stripped,  owing  to  thickening  and  adhesion.     B  and  C,  Vertical  section.     X§. 

rim  surrounding  this  fat;  though,  in  other  instances,  the  fat  may  be 
scanty,  and  the  kidney-tissue  contracted  upon,  and  closely  applied  to, 
the  pelvis.  On  external  examination  of  the  organ  in  the  former  of  these, 
*.  e.  where  there  is  excess  of  fat  in  the  hilus,  the  apparently  larger  size 
of  the  organ  may,  therefore,  be  somewhat  misleading,  the  amount  of 
atrophy  being  often  much  more  extreme  than  might  be  expected  from 
the  mere  external  appearance  of  the  organ.  The  anastomosing  vessels 
of  the  pelvis  and  of  the  pelvic  fat,  as  well  as  those  of  the  capsule,  take 
part  in  establishing  a  collateral  supply  of  blood  to  the  atrophying  kidney. 

After  the  above  general  synopsis,  a  more  detailed  description  of  some 
forms  of  granular  contracted  kidney  may  now  be  given. 

i.  Small  Red  Granular  Contracted  Kidney,  due  to  atrophy  from  arterial 
58 


898 


SPECIAL  PATHOLOGY 


degeneration  and  consequent  diminution  in  the  blood-supply  of  the 
organ — sometimes  called  Arteriosclerotic  Kidney  (see  fig.  403).  This 
is  essentially  an  atrophic  condition,  and  the  disease  commences  in  the 
vessels  and  glomeruli,  especially  near  the  surface  of  the  organ  at  the 
terminal  distribution  of  the  interlobular  arteries.  There  are  progressive 
fibrous  atrophy  and  obliteration  of  these  vessels,  with  consequent  degen- 
eration and  atrophy  of  the  adjacent  tubules,  as  already  described  when 
dealing  with  the  elementary  lesions  of  the  kidney  (see  fig.  404).  As  the 
process  advances,  more  and  more  glomeruli  are  destroyed,  and,  conse- 
quently, the  corresponding  areas  of  cortex  undergo  atrophy  and  shrinking. 


Fig.  404. — Chronic  Granular  Contracted  Kidney.  Shewing  thickening  of  an  interlobular 
artery,  with  atrophy  and  fibrosis  of  the  neighbouring  kidney -tissue,  ete.  (see  text). 
X50. 


From  obstruction  to  the  blood-flow  through  groups  of  glomeruli,,  the 
corresponding  interlobular  artery  is  thrown  out  of  use,  and  becomes 
thickened,  and  its  lumen  narrowed  oi  even  obliterated.  This  condition 
in  the  interlobular  arteries  may  possibly,  in  some  cases,  be  the  primary 
one,  the  obliteration  of  the  glomeruli  being  secondary  to  the  cutting-off 
of  their  blood-supply,  but  probably  the  first -mentioned  process  is  the 
more  usual  one.  This  slowly-produced  obliteration  of  glomeruli  and 
interlobular  arteries  has  ame  effect  as  a  similar  blocking 

of  a  vessel  from  other  causes,  i.  e.  shrinking  and  atrophy  of  the  area  of 
distribution,  and  the  penetration  into  the  latter  of  small  anastomosing 
vessels  from  the  surrounding  parts.  In  the  case  of  the  kidney,  these 
vessels  arise  from  the  v.  the  cap  id,  by  their  penetration, 
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they  bring  about  its  adhesion  at  the  parts  of  the  surface  corresponding 
to  the  distribution  of  the  interlobular  arteries.  At  these  points  also, 
depression  of  the  surface,  caused  by  the  atrophy  of  the  convoluted  tubules, 
occurs.  These  new  vessels  give  the  characteristic  red  appearance  to 
such  a  kidney,  and,  naturally,  the  redness  will  be  most  marked  in  the 
depressions  or  sulci  on  the  surface ;  whilst  the  centres  of  the  little 
"  granular  "  areas  may  be  pale,  as  these  correspond  to  the  tubules  of  the 
medullary  rays  or  primitive  cones  described  in  the  section  on  Normal 
Structural  Arrangement  of  the  Kidney-Tissues,  p.  869. 


Fig.  405. — Chronic  Granular  Contracted  Kidney.  Vertical  section  towards  surface, 
shewing  (on  the  right)  a  dense  fibrosed  area  corresponding  to  the  obliterated  inter- 
lobular artery  and  its  glomeruli ;  and  (on  the  left)  an  area  with  dilated  tubules.  The 
thickened  capsule  has  been  removed  from  the  surface  of  the  latter  area,  but  is  still 
seen,  in  situ,  at  the  upper  part  of  the  section,  adhering  to  the  dense  area.     X  50. 


In  these  cases,  there  is  not  necessarily  any  great  proliferation  of 
fibrous  tissue  between  the  tubules,  though  this  change  is  usually  well 
marked  around  the  obliterated  glomeruli  and  inter-lobular  vessels. 

The  tubules  in  the  intervening  areas,  i.  e.  between  the  lines  of  the 
interlobular  arteries,  generally  shew  dilatation,  catarrhal  changes,  casts, 
formation  of  cysts,  etc.;  and,  therefore,  on  examining  microscopically 
with  a  low  power,  the  part  of  the  kidney-section  near  the  surface  under 
the  capsule,  denser,  irregularly  wedge-shaped  areas,  with  their  bases 
towards  the  surface,  will  be  found  alternating  with  areas  in  which  the 
tubules  are  irregularly  dilated  [see  fig.  405).  These  denser  areas  often 
shew  extensive  overgrowth  of  connective  tissue,  containing  obliterated 
glomeruli  and  atrophied  and  compressed  tubules,  though  Bometimefl  the 
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fibrous  overgrowth  may  not  be  marked,  especially  in  purely  atrophic 
cases.  The  Malpighian  bodies  are  very  irregular  in  their  distribution, 
being  often  huddled  together  in  groups,  owing  to  the  atrophy  of  the 
intervening  tubules.  They  shew  all  stages  of  the  fibrous  atrophy  already 
described,  varying  from  some  which  appear  comparatively  normal,  to 
others  which  are  entirely  replaced  by  laminated  fibrous  scars. 

ii.  "  Large  Pale  Granular  Contracting"  Kidney. — In  this  condition,  the 
size  of  the  kidney  varies  greatly.  The  organ  as  a  whole  may  be  enlarged, 
or  it  may  be  normal  or  slightly  diminished  in  size,  and  the  term  "  large  " 
is,  therefore,  a  somewhat  unfortunate  one  in  this  connection.     Such 


(c) 


(a) 


(&) 


(6) 


(b) 


Fig.  406. — Chronic  Granular  Contracted  Kidney.  Shewing  (a)  partially  obliterated  inter- 
lobular artery  ;  (b,  b)  groups  of  obliterated  glomeruli  corresponding  to  it;  (c)  altered 
tubules.     X 130. 

relative  enlargement  is  due  mostly  to  the  swelling — which  is  sometimes 
very  considerable — of  the  interpyramidal  cortex,  and  this  part  of  the  kidney 
may  shew  considerable  mottling  from  catarrhal  and  degenerative  changes. 
Such  a  kidney  is  probably  a  more  advanced  stage  of  the  subacute  diffuse 
nephritis  already  described,  where  the  condition  is  passing  on  to  degenera- 
tion and  atrophy.  All  intermediate  forms  are  found,  until  finally  the 
condition  leads  to  the  so-called — 

iii.  Small  Pale  Granular  Contracted  Kidney,  in  which  large  numb 
of   glomeruli,   and,   consequently,  the   corresponding  interlobular,    and 
perhaps  even  larger,  vessels,  have  become  obliterated.    The  condition  is, 
therefore,  one  of  vascular  obstruction,  and  resembles  the  case  of  the  purely 
atrophic  or  arteriosclerotic  kidney,  except  for  the  fact  that  it  occurs 
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in  a  previously  subacutely  diseased  organ,  and  hence  some  of  the  lesions 
found  will  owe  their  presence  to  this  fact.  Thus,  if  interstitial  changes 
have  been  present,  much  more  proliferation  of  fibrous  tissue  is  found 
between  the  tubules  than  is  seen  in  the  purely  atrophic  forms. 

The  following  are  some  of  the  conclusions  of  Gaskell,1  which  are,  on 
the  whole,  very  much  in  accordance  with  our  own  views.  He  divides  the 
changes  in  the  glomeruli  and  arteries  of  the  kidney,  which  are  not  associated 
with  pyogenetic  or  specific  organisms,  into  two  main  groups  :  (1)  those 
accompanying  and  consecutive  to  acute  inflammation  of  the  kidney  :  and 
(2)  those  due  to  alterations  which  are  primarily  vascular  in  origin. 


Fig.  407. — Chronic  Granular  Contracted  Kidney.  Shewing  morocco-leather-like  surface 
from  which  the  capsule  has  been  stripped.  A  few  small  projecting  retention-cysts 
are  seen. 

I.  The  Inflammatory  Group. — There  are  two  forms  of  "  nephritis  "  in 
which  the  glomerular  changes  are  negligible  :  one,  primarily  toxic,  in  which 
the  convoluted  tubules  are  mainly  affected,  e.g.  in  diphtheria  and  most 
other  fevers,  and  in  poisoning  with  corrosive  sublimate  and  phosphorus  : 
the  other  an  acute  interstitial  nephritis,  associated  with  the  earlier  stages 
of  scarlet  fever,  characterised  by  great  "  round-celled  infiltration  "  around 
the  large  vessels  and,  later,  around  the  glomeruli — found  only  in  cases  which 
prove  fatal  in  the  first  fourteen  days  of  the  disease,  and  thus,  in  this  short 
period,  not  having  established  permanent  functional  change  in  the  organ; 
whereas  true  scarlatinal  "  nephritis,"  which  leads  to  permanent  changes  in  the 
kidney,  does  not  arise  till  the  second,  or  more  often  the  third,  week  of  the  fever. 

Gaskell  then  proceeds  to  say,  quoting  Lohlein,  that  all  forms  of  lasting 
nephritis  are  cases  of  glomerulo-nephritis,  and  that  both  the  form  usual iy 

1  J.  F.  Gaskell,  "  On  the  Changes  in  Glomeruli  and  Arteries  in  Inflammatory  and 
Arterio -Sclerotic  Kidney  Disease."  Jour.  Path,  and  Bad.,  Vol.  XVI.,  No.  3, 
p.  287.     January,  1912. 
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known  as  "  large  white  "  kidney,  and  the  later  "  secondary  contracted  " 
kidney,  always  shew  that  they  have  arisen  from  an  originally  acute  glomerulo- 
nephritis. At  this  point  he  carefully  differentiates  the  embolic  focal  nephritis, 
due  to  multiple  embolic  infarctions  from  the  heart-valves  in  cases  of  ulcera- 
tive endocarditis,  from  true  glomerular  nephritis.  This  has  not  been  done 
by  some  writers,  and  has,  accordingly,  led  to  much  confusion. 

In  his  series  of  specimens  of  true  glomerulo-tubular  nephritis,  only  one  case 
was  examined  in  which  death  had  occurred  in  the  early  acute  stage,  a  fatal 
issue  being  rare  at  this  stage.  There  is  great  uniform  swelling  of  the  whole 
glomerulus,  and  involvement  of  all  the  glomeruli — this  diffuse  character  of  tin- 
lesion  being  very  important  and  characteristic.  In  the  next,  or  reparative,  stage 
of  glomerulo-tubular  nephritis,  all  the  glomeruli  are  affected,  with  a  variable 
amount  of  adhesion  to  their  capsules.  In  the  third,  or  sclerotic,  stage  of 
secondary  contraction,  death  occurs  commonly  from  uraemia,  the  urine  shewing 
polyuria,  much  albumin,  casts,  and,  at  times,  blood.  The  uraemic  coma, 
preceding  death,  may  be  characterised  by  diminution,  and  finally  by  great 
diminution,  in  the  quantity  of  the  urine  excreted.  Blood-pressure  is  always 
high,  160  to  220  mm.  of  mercury  in  four  of  the  cases  in  which  this  was 
recorded.     The  glomeruli  shew  further  destructive  changes. 

In  contrast  with  the  foregoing,  in  embolic  focal  nephritis,  the  lesion  is 
essentially  hemorrhagic  in  character,  the  urine  is  not  greatly  increased  in 
quantity,  and  there  is  little  albumin,  the  changes  in  the  kidney  affecting 
only  some  of  the  capillaries  of  some  of  the  glomeruli.  There  is  also  marked 
fibrinous  exudate,  and  great  leucocytic  infiltration.  The  tubules  and  inter- 
stitial tissue  are  not  greatly  altered,  and  there  is,  therefore,  little  naked-eye 
swelling.  Gaskell  believes  that  these  changes  are  produced  by  the  long- 
continued  embolic  loosening  of  infected  material  from  the  chief  focus — 
subacute  endocarditis — in  the  heart-valves,  and  he  differentiates  it,  both 
clinically  and  anatomically,  from  the  general  glomerulo-tubular  form  previ- 
ously described. 

II.  The  Vascular  Group. — These  fall  into  two  sub-groups — 

1.  The  first,  due  to  the  very  slow  alteration  in  the  kidney  produced  by 
senile  arterio-sclerosis,  the  age  of  the  cases  being  usually  over  fifty  years. 
The  heart  is  seldom  enlarged,  and  never  to  any  great  extent,  unless  valvular 
disease  is  also  present.  Practically  all  old  people  suffer  from  a  greater  or 
less  degree  of  the  condition.  There  may  be  some  slight  polyuria,  and,  at 
times,  slight  albuminuria.  The  aorta  shews  arterio-sclerosis,  as  does  the 
main  renal  artery,  the  change  spreading  into  the  smaller  arteries  of  the 
kidney  in  the  regions  where  glomerular  destruction  and  fibrosis  are  present. 
Only  scattered  glomeruli,  or  groups  of  glomeruli,  are  involved,  the  others 
remaining  more  or  less  normal  in  appearance.  The  affected  glomeruli  may 
be  shrunken  to  half  the  normal  size  :  their  capsules  thickened  :  and  the  capil- 
laries collapsed,  but  not  otherwise  altered;  or  the  glomerulus  may  be  com- 
pletely degenerated  and  fused  to  its  capsule.  The  corresponding  afferent 
arteries  shew  arterio-sclerosis,  the   loi  ssels  being  earliest  and   most 

affected;  \\hil>t  the  shorter  arteries  and  their  corresponding  glomeruli  may 
still  remain  unaltered.  There  is  little  round-celled  infiltration,  a  few  cells, 
if  present,  being  grouped  round  the  atrophic  tubules,  corresponding  to  the 
affected  glomeruli;  the  lasl  Btage  in  the  degeneration  of  the  latter  being 
a  mere  fibrous- ti-  ontraction,  therefore,  Bupervei  ially 

along  the  most  affeeted  interlobular  arteries,  and  the  amount  of  the  cirri 
depends  upon  the  relative  degree  of  arterio-sclerotio  change  in  these 
some  being,  in  certain  often  much  more  affected  than  others,  and  the 

change  being,  therefore,  patchy  in   its  distribution;    or,   if  the  interlobular 
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vessels  are  more  or  less  diffusely  affected,  the  cirrhosis  is  more  uniformly 
distributed,  and  more  finely  granular  in  degree. 

2.  In  the  second  group  the  changes  are  due  to  lesions  which  especially 
affect  the  small  arteries  and  arterioles,  not  only  of  the  kidney  itself,  but  of 
the  various  organs  of  the  body.  They  occur  at  an  earlier  age-period,  especially 
between  the  ages  of  thirty  and  fifty  years.  The  heart  is  always  greatly 
hypertrophied,  quite  apart  from  any  cardiac  valvular  lesion.  These  cases 
may  be  called  genuine  or  primary  contracted  kidney  (Adami),  and  should 
not  be  termed  "  small  red,"  or  "  red  contracted,"  kidney,  as  the  senile  arterio- 
sclerotic kidney  may  also  be  "  red,"  and  this  term  should  be  abandoned  as 
misleading  and  obsolete.  In  this  primary  contraction,  the  change  is  essentially 
dependent  on  alterations  in  the  small  arteries  of  the  kidney.  This  change 
in  such  small  arteries  is  not  confined  to  the  kidney,  but  is  also  conspicuous 
in  other  organs,  especially  the  brain  and  spleen — the  changes  in  the  small 
arteries  of  the  brain  being  of  particular  importance,  and  frequently  leading 
to  the  occurrence  of  cerebral  haemorrhage,  which  is  the  direct  cause  of  death 
in  many  cases  of  this  class,  such  a  termination  being  aided  by  the  hypertrophy 
of  the  left  ventricle  and  the  high  blood-pressure  (over  200  mm.)  practically 
always  found.  The  aorta  may  shew  a  smooth  inner  wall,  or  only  slight 
fatty  change  in  the  intima ;  and  the  renal  artery  presents  a  varying,  but  definite, 
arterio-sclerotic  change.  The  arterial  renal  arches  also  shew  some  varying 
degree  of  this  process;  but  the  most  conspicuous  and  important  change  is 
extreme  thickening  of  the  intima  of  the  smallest  arteries  of  the  kidney, 
especially  the  afferent  and  also  the  interlobular  arteries.  The  lumen  may 
be  extremely  narrowed,  and  the  enormously  thickened  vessel- wall  often 
contains  a  large  amount  of  fat.  Elastic  tissue  is  also  highly  developed  in 
all  the  renal  arteries,  both  large  and  small.  The  thickening  of  the  vessels  is 
very  much  greater  than  in  the  senile  arterio-sclerotic  form. 

Gaskell  further  subdivides  these  primary  contracted  kidneys  into  various 
groups,  but,  for  the  detailed  description  of  these,  reference  should  be  made 
to  his  original  paper. 

NOTE  ON  TRENCH  NEPHRITIS.— In  the  late  war,  and  also  in  the 
American  Civil  War,  during  the  prolonged  periods  of  trench  fighting, 
large  numbers  of  cases  of  acute  nephritis  occurred.  After  eliminating 
the  various  forms  of  acute  and  chronic  nephritis  equally  typical  of  civil 
life,  a  large  proportion  of  cases  remains,  characterised  by  dropsy  (which 
usually  rapidly  subsides),  diminution  or  even  temporary  suppression  of 
the  urinary  secretion,  marked  albuminuria,  often  persisting  for  a  con- 
siderable time,  hematuria,  the  presence  of  renal  casts,  especially  of 
granular  and  hyaline  type,  uraemic  symptoms,  etc.  In  comparison  with 
the  severity  of  the  clinical  symptoms,  the  mortality  is  extraordinarily 
low,  only  three  deaths  occurring  in  1,455  cases  reported  by  Rose  Brad- 
ford,1 and  these  three  cases  not  showing  a  picture  of  uncomplicated 
nephritis.  No  authoritative  work  on  the  actual  causation  of  the  disease 
has  yet  appeared,  but  as  far  as  our  present  knowledge  goes,  the  pathological 
lesion  in  the  kidney  itself  is  a  subacute  diffuse  nephritis,  glomeruli  and 
tubules  being  both  specially  affected. 


1  Quarterly  Journal  of  M edicin e,  January  101(1,  p,  126 
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Note.— Short  Resume*  of  some  of  the  Naked-Eye  Changes  in  the  Kidney 
seen  in  various  cases  of  Bright's  Disease,  with  their  causes  : — 

1.  Thickening  and  Adhesion  of  the  Capsule— due  to  establishment  of  a 
supplementary  circulation  from  branches  of  the  lumbar  arteries,  and  not  to 
inflammatory  changes  such  as  cause  thickening  and  adhesion,  say,  of  the 
two  layers  of  the  pleura. 

2.  Cysts — formed  by  blocking  and  dilatation  of  tubules,  or,  much  more 
rarely,  of  the  glomerular  capsules.  Tubules  may  be  blocked  by  : — (i)  Colloid 
or  other  forms  of  casts :  (ii)  compression  from  chronic  fibrous  overgrowth 
and  contraction,  and  therefore  specially  found  in  chronic  granular  contract/// 7 
kidneys,  and  also  in  larger  forms  of  waxy  kidney  with  interstitial  changes. 

3.  Swelling  of  the  Cortex — may  be  due  to  : — (i)  Hyperaemia  and  distension 
of  the  vessels  :  (ii)  cloudy  swelling,  etc.,  of  epithelium  :  (iii)  glomerular  changes, 
e.  g.  hyaline  or  other  forms  of  swelling  of  the  capillaries  of  the  tuft :  also  of 
its  connective  tissue  and  covering  epithelium  :  leucocyte-emigration  :  swelling 
of  Bowman's  capsule  or  of  its  lining  endothelium,  etc. :  and  to  (iv)  interstitial 
changes. 

4.  Contraction  of  the  Cortex — may  be  due  to  atrophic  changes,  especially 
those  resulting  from  vascular  and  glomerular  lesions  :  and,  to  a  less  extent,  to 
contraction  of  fibrous  tissue  or  to  senile  changes. 

5.  Pallor  of  the  Cortex — may  result  from  : — (i)  Cloudy  swelling  and  catarrh  : 
(ii)  interstitial  overgrowth :   or  from  (iii)  fatty  and  necrotic  changes. 

6.  Mottling  of  the  Cortex — may  occur  from  marked  fatty  degeneration,  or 
from  catarrhal  and  necrotic  changes.  It  is  seen  in  its  most  exaggerated  form 
where  these  changes  are  intermingled. 

7.  Irregular  Striation  of  the  Cortex  or  "  distortion  of  the  vascular  markings  " 
in  granular  contracted  kidney,  is  due  to  slow  atrophic  changes. 

8.  Vascular  Engorgement — generally  venous  in  character — specially  affects 
(i)  the  stellate  veins  on  the  surface,  and  sometimes  also  the  capillaries ;  (ii)  the 
vena3  rectae,  forming  red  striae  in  the  pyramids,  especially  towards  their  bases ; 
(iii)  the  interlobular  veins,  glomeruli,  and  intertubular  capillary  plexus  in  the 
cortex ;  and  (iv)  the  vessels  of  the  pelvis,  especially  those  of  its  submucous  coat. 

9.  Thickening  of  the  Arteries — may  be  part  of  a  general  condition  through- 
out the  whole  of  the  vascular  system,  and  is  often  especially  marked  in  the 
kidney.  In  other  instances,  it  may  be  due  to  local  disease  in  the  kidney 
itself,  especially  to  obliteration  of  the  glomeruli. 

10.  Increase  of  Fat  around  the  Renal  Pelvis — is  found  in  atrophic  conditions 
where  the  kidney-tissue  shrinks,  and  consequently  the  hilus  is  enlarged. 

Note  on  Albuminuria. — In  renal  cases,  albuminuria  may  be  found  in  any 
disease  damaging  the  organ  and  causing  transudation  of  serum  or  haemorrhages 
into  the  tubules  or  glomeruli.  But  some  cases  of  even  advanced  chronic 
renal  disease  may  go  on  to  a  fatal  issue  with  no,  or  with  only  occasional, 
albuminuria— the  excretion  of  water  being,  however,  usually  increased,  and 
the  urea  diminished. 

HYDRONEPHROSIS.— This  is  a  condition  of  dilatation  of  the  pelvis  of 
the  kidney  and  its  calyces.  It  may  arise  from  any  cause  which  impedes  the 
outflow  of  urine  from  the  renal  pelvis,  and  is  greatest  in  those  cases  where 
the  obstruction  is  either  incomplete  or  intermittent.  When  the  outflow 
of  urine  from  the  pelvis  is  completely  and  permanently  stopped,  a  certain 
degree  of  dilatation  takes  place;  but  the  increased  pressure  prevents 
further  secretion  of  urine  by  the  kidney,  which,  as  a  result  of  loss  of  its 
function,  undergoes  atrophy.     In  such  a  case,  the  accumulated  fluid  may 
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undergo  more  or  less  complete  absorption ;  and  shrinking  of  the  kidney, 
with  associated  fibrous -tissue  overgrowth,  may  result.  Where  the 
obstruction  is  incomplete,  the  kidney,  although  its  glandular  structure 
becomes  distended,  is  still  able  to  carry  on  its  functions  and  supply  fluid 
for  the  further  gradual  distension  of  the  pelvis.  When  this  dilatation 
becomes  excessive,  atrophy  of  the  kidney-tissue  may  supervene,  often, 
however,  not  until  the  hydronephrotic  organ  has  reached  a  very  con- 
siderable size  (see  fig.  408). 


Fig.  408. — Hydronephrosis  of  Kidney  due  to  obstruction  of  the  Ureter.  The  renal  pelvis 
and  infundibula  or  calyces  are  enormously  dilated,  and  the  glandular  tissue  is  com- 
pletely atrophied.  (Edinburgh  University  Anatomical  Museum.  Catalogue  No., 
Gen.-U.  B.c.  9.) 

The  commonest  causes  of  hydronephrosis  are  stricture  of  the  urethra  or 
ureter ;  certain  malformations  of  the  latter,  more  especially  the  presence  of 
abnormal  kinks  or  bends  (see  fig.  388,  p.  866) ;  the  impaction  of  a  calculus 
in  the  ureter  or  urethra ;  or  the  occurrence,  in  these  structures,  of  chronic 
inflammatory  changes  or  tumour-growth,  the  latter  acting  either  by 
pressure  or  by  actual  infiltration  of  the  walls.  Another,  and  fortunately 
much  rarer,  cause,  but  one  of  which  several  cases  have  been  recorded, 
is  injury,  or  even  accidental  ligature,  during  operation,  e.g.  for  the  removal 
of  pelvic  tumours.    Where  the  obstruction  is  in  the  urethra,  or  where 
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it  involves  the  openings  of  both  ureters  into  the  bladder,  as,  for  example, 
by  tumour-growth,  the  condition  is  bilateral,  though  not  necessarily 
symmetrical,  on  the  two  sides.  In  such  cases,  the  ureters  also  are  dilated, 
sometimes  to  a  remarkable  degree.  Frequently,  this  distension  of  the 
ureters  is  not  uniform,  but  is  characterised  by  the  formation  of  irregular 
saccular  dilatations.  In  some  instances,  the  condition  may  be  congenital, 
as,  for  example,  in  cases  of  extreme  phimosis,  or  where  the  urethra  is 
impermeable  at  birth,  or  where  there  are  abnormal  kinks  or  valvular 
bends  upon  the  ureters.  On  the  other  hand,  in  some  of  these  congenital 
cases  of  hydronephrosis,  no  obvious  cause  of  obstruction  to  the  outflow 
of  urine  is  demonstrable.  Unilateral  hydronephrosis  results  from  the 
implication  of  one  ureter  by  stricture,  impacted  calculus,  or  other  lesion, 
the  ureter  above  the  seat  of  obstruction  also  undergoing  dilatation. 


Fig.  409. — Coralline  Calculus  occupying  Pelvis  and  Catyccs  of  Kidney,  the  glandular 
ti»nc  of  which  is  greatly  atrophied.  The  central  limb  of  the  calculus  has  been  broken 
oil  to  show  the  bed  in  which  it  lay.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  Gen.-U.  B.  g.  2.) 

Results.— Catarrhal  pyelitis  and  secondary  changes  in  the  kidney, 
somewhat  resembling  those  Been  in  chronic  granular  contraction  with 
interstitial  overgrowth,  are  usually  found,  but  complete  fibrous  atrophy, 
with  entire  disappearance  of  all  the  glandular  tissue,  may  occur  (see  fig. 
408).  Suppuration  may  take  place,  the  condition  then  becoming  one  of 
Pyonephrosis  [q.  v..  p.  887). 

RENAL  CALCULI  AND  CONCRETIONS  (NEPHROLITHIASIS). 
Calculi  mav  be  formed  in  I  be  pelvis  of  the  kidney  or  in  any  of  its  diverticula 
or  calyces;  or,  again,  they  mav  originate  in  the  renal  tubules,  more 
especially  in  the  larger  collecting  tubules  near  their  openings  at  the 
apices  of  the  papilla.  Renal  calculi  mav  be  carried  downwards  and 
become  impacted  in  the  ureter,  leading  to  hydronephro  if  small 

enough,  they  may  reach  the  bladder,  their  passage  down  the  ureter 
giving  rise  to  an  attack  of  "  renal  colic."     In  the  bladder,  they  may  act 
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as  the  nuclei  around  which  further  concretions  are  formed  ;  or,  if  not  too 
large,  they  may  pass  through  the  urethra  and  be  found  in  the  urine  as  the 
so-called  urinary  "  gravel."  In  some  instances,  they  may,  partially,  or 
almost  completely,  fill  the  pelvis  of  the  kidney  and  its  calyces,  forming 
the  so-called  coralline  calculus,  which  may  either  be  single  (see  fig.  409), 
or  composed  of  two  or  more  faceted  constituent  parts.  In  some  instances, 
several,  or  even  very  many,  small  calculi  may  be  found  in  the  pelvis, 
in  its  calyces,  or  in  the  renal  substance.  Both  kidneys  may  be  the  seat 
of  calculus-formation,  especially  in  the  later  stages  of  the  disease,  and 
are,  therefore,  more  frequently  found  to  be  so  affected  on  post-mortem 
examination  (about  fifty  per  cent,  of  cases)  than  in  surgical  practice. 

Composition  of  Renal  Calculi. — Such  calculi  may  consist  of  uric  acid, 
urates,  phosphates,  oxalates,  or  carbonates,  or  varying  admixtures  of  these 
substances.  More  rarely,  they  may  be  composed  of  cystin,  xanthin, 
bile-pigment  (in  long-standing  jaundice),  etc.  Calculi  are  commonest  in 
mid-adult  fife,  but  may  occur  very  early  in  life,  the  phosphatic  being  the 
commonest  form  found  in  childhood. 

etiology  and  Results. — The  causes  of  urinary  calculus-formation 
in  general  will  be  discussed  when  dealing  with  calculi  formed  in  the 
urinary  bladder  (see  p.  924).  In  the  case  of  the  kidney,  various  lesions 
may  be  present,  either  aiding  in  the  production  of,  or  consecutive  to, 
calculus-formation,  or  both  may  have  some  factor  common  to  their 
causation.  Thus,  the  condition  may  be  found  along  with  various 
forms  of  nephritis,  diffuse,  or  especially  interstitial,  chronic  granular 
contraction,  partial  or  complete  atrophy  of  the  kidney,  perinephritis,  etc. 
Infective  lesions  are  common.  There  is  often  an  associated  pyelitis 
and  pyelonephritis,  which  may,  perhaps,  have  some  causal  relationship ; 
whilst,  on  the  other  hand,  the  presence  of  calculi  may  lead  to  such 
conditions,  or  further  aggravate  them  if  already  present.  In  addition 
to  such  inflammatory  phenomena,  renal  calculi  may  cause  haemorrhage, 
and  also,  as  already  mentioned,  may  become  impacted  in  the  ureter, 
and  give  rise  to  hydronephrosis  or  to  pyonephrosis,  and  to  renal  colic. 
If  carried  down  into  the  bladder,  they  may,  as  already  indicated, 
constitute  the  nuclei  for  further  calculus-formation  in  that  organ. 

Sometimes  the  substances  of  which  calculi  are  composed — especially 
uric  acid,  urates,  or  lime-salts — may  be  deposited,  in  crystalline  or  in 
amorphous  form,  in  the  renal  tubules,  especially  in  the  pyramids  towards 
their  apices.  A  deposit  of  lime-salts  may  occur  in  necrotic  renal  epi- 
thelium, e.  g.  following  poisoning  by  corrosive  sublimate,  etc.;  and, 
similarly,  "  incrustation  "  with  calcareous  materia]  may  occur  in  the 
walls  of  the  renal  pelvis  and  meter,  the  process  being  also  probably 
secondary  to  degenerative  and  necrotic  changes  in  these  structures.1 
In  the  same  way,  bile-pigment  may  be  deposited  in  a  similar  position 
e.g.  in  icterus  neonatorum,  and  in  chronic  jaundice  in  adults. 

(For  a  further  description  of  Urinary  Calculi  see  p.  92  1  ) 
1  Caulk,  Journal  of  Surgery,  Gynaecology  and  Obstetrics,  1914,  i.,  p.  i 
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CIRCULATORY  DISORDERS  OF  THE  KIDNEY  :— 

(a)  ACTIVE  HYPEREMIA  OF  THE  KIDNEY  may  be  found  in  cases 
of  convulsions,  for  example  in  epilepsy  ;  and,  in  such  cases,  a  transitory 
albuminuria  and  haematuria  may  occur.  A  similar  condition  has  been 
described  in  traumatic  lesions  of  the  vaso-motor  centre  in  the  medulla. 
More  commonly,  however,  it  occurs  in  the  acute  infective  fevers,  and 
after  the  administration  of  such  poisons  as  cantharides,  corrosive  sub- 
limate, arsenic,  carbolic  acid,  etc.,  and  may  then  be  regarded  as  either 
preliminary  to,  or  as  part  of,  an  acute  inflammatory  attack. 

(b)  PASSIVE  or  VENOUS  CONGESTION  may  be  acute  or  chronic, 
the  latter  especially  being  a  very  common  condition. 


I'ji,.  410.     Acute  Congestion  of  the  Straight  V^eseelB  towards  base 
of  Maipighian  Pyramid,     x  75. 

Acute  Venous  Congestion  may  occur  with  great  rapidity,  for  example 
in  opium-poisoning,  and  in  some  cases  of  coma  from  other  causes.  In 
its  most  intense  form,  it  is  found  as  a  sequel  to  obstruction  of  the  renal 
vein  from  thrombosis,  ligature,  torsion  of  the  vessels  in  a  floating  kidney. 
or  other  cause.  The  changes  occurring  in  the  organ  are  fully  desci 
on  p.  122.  Thrombosis  of  the  renal  vein  may  be  produced  by  direct 
extension  into  it  of  a  thrombus  of  the  inferior  vena  cava,  by  the  pressure 
of  a  tumour  on  the  vein,,  or  by  similar  causes.  If  the  renal  artery  remains 
patent,  intense  congestion  occurs,  usually  accompanied  by  hssmorrh; 
into  the  glomeruli,  the  tubules,  and  perhaps  also  into  the  pelvis  of  the 

kidney. 

Chronic  Venous  Congestion  of  the  Kidney  is  an  extremely  common 
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condition,  due,  in  the  majority  of  cases,  to  old-standing  heart-disease, 
especially  to  lesions  of  the  mitral  valve,  the  condition  being  sometimes 
termed  "  cardiac  kidney."  Chronic  venous  congestion  may  also,  but 
much  more  rarely,  be  produced  by  local  interference  with  the  venous 
return,  as,  for  example,  by  the  pressure  of  a  tumour  upon  the  renal  vein 
or  on  the  inferior  vena  cava,  or  from  mechanical  displacements  of  the 
organ,  as  in  floating  kidney. 

The  naked-eye  appearances  of  the  kidney  may  vary  considerably  if 
other  lesions  are  associated  with  the  chronic  venous  congestion.  In  an 
uncomplicated  case,  the  organ  is  usually  moderately  enlarged.  Its 
capsule  may  be  slightly  thickened  and  somewhat  adherent,  and  the 
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Fig.  411. — Acute  Congestion  of  Glomerular  Capillaries.     X  300. 

cortex  usually  shews,  at  first,  some  increase  in  volume ;  but,  at  a  later 
period,  a  certain  degree  of  atrophy,  especially  in  its  inter-pyramidal  por- 
tions, takes  place.  This  atrophy  is  due  to  interference  with  the  nutrition 
and  functions  of  the  tubules,  and  may  lead  to  the  production  of  a  slightly 
granular  or  morocco-leather-like  surface.  On  section,  the  larger  veins 
are  dilated,  whilst  the  engorgement  of  both  sets  of  tributaries  of  the 
venous  renal  arches  maps  out  the  minute  naked-eve  structure  of  the 
organ  very  distinctly.  The  venulaD  recta?  stand  out  prominently  as  dark- 
red  radiating  lines,  which  are  usually  most  marked  t (.wards  the  bases 
of  the  pyramids ;  whilst,  in  the  cortex,  the  alternation  of  the  pale  medullary 
rays  with  the  engorged  lines  of  the  inter-lobular  vessels  can  be  very 
definitely  seen.  If  the  dark  lines  corresponding  to  the  engorged  inter- 
lobular veins  be  closely  examined,  the  glomeruli  can  usually  be  seen  as 
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minute,  dark-red  dots,  giving  a  finely-stippled  appearance  to  the  vascular 
markings.  The  stellate  veins  on  the  surface  are  congested,  and  the 
organ  is  distinctly  firmer  in  consistence  and  darker  in  colour  than  when 
normal. 

On  microscopical  examination,  the  pathological  appearances  are 
usually  best  seen  at  the  bases  of  the  pyramids  in  the  bundles  of  straight 
venules,  the  walls  of  these  being  thickened  and  their  lumina  distended 
with  blood.     The  Malpighian  tufts  are  enlarged,  the.  capillaries  being 


Fig.  412. — Kidney.     Venuhe  Recta?   towards   base  of  Pyramid  in 
Chronic  Venous  Congestion.     XGO. 

dilated  and  their  walls  thickened.  Similar  dilatation  and  thickening  are 
seen  in  the  interlobular  veins  and  intertubular  capillary  plexus.  The 
increased  firmness  of  the  kidney  is  due  to  this  engorgement  of  the  veins 
and  capillaries  and  to  the  thickening  of  their  walls,  and  not  to  prolifera- 
tion of  the  connective-tissue  framework  of  the  organ.  Some  degn 
atrophy  may  supervene  in  the  tubular  epithelium,  and  catarrhal  changes, 
especially  in  the  collecting  tubules,  may  be  present.  In  uncomplicated 
cases,  however,  such  structural  changes  are  not  specially  marked.  Minute 
haemorrhages  from  the  glomerular  tufts  Bometimea  occur,  and  the  blood 
may,  in  severe  and  advanced  cases,  find  its  way  even  into  the  tubules. 
and  be  passed  into  the  urine.     As  a  rule,  however,  luematuria,  in  such 
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Fig.  413. — Kidney.    Shewing  Chronic  Venous  Congestion  of  Interlobular, 
Intertubular,  and  Glomerular  vessels.     X  160. 
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Fia.  414. — Kidney.     Glomerulus  shewing  Chronic  Venous  Congestion- 
The  Intertubular  Capillaries  also  shew  engorgement.         li>0. 
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cases,  indicates  the  presence  of  some  complication,  especially  the  occur- 
rence of  embolism  and  infarction,  conditions  not  infrequently  associated 
with  chronic  venous  congestion  arising  from  mitral  disease. 

(c)  EMBOLISM  and  INFARCTION.— These  conditions,  and  the  char- 
acteristic lesions  produced  by  them,  are  fully  described  on  pp.  144-160. 
Infarcts  of  various  sizes  and  at  various  stages — from  those  newly  formed 
to  those  which  have  become  completely  absorbed  and  shew  merely 
as  puckered  and  depressed  fibrous-tissue  scars — may  occur  in  the 
kidney. 

The  occurrence  of  Septic  Embolism  and  abscess-formation  in  ulcera- 
tive endocarditis  and  in  pyaemia  from  other  causes,  is  discussed  under 
Suppurative  Nephritis  on  p.  884. 

(d)  HEMORRHAGES  into  and  from  the  kidney — apart  from  traumatic 
causes  such  as  rupture  or  penetrating  wounds — frequently  occur  in  intense 
toxic  poisoning,  especially  when  this  is  characterised  by  acute  venous  en- 
gorgement. Such  extravasations  of  blood  are  usually  comparatively  slight. 
They  are  found  especially  in  or  around  the  glomeruli  and  in  the  tubules. 
Haemorrhages  into  the  interstitial  tissue  are  comparatively  rare.  They 
may  originate  from  the  subcapsular  vessels,  and  from  the  straight  vessels 
in  the  boundary  zone.  More  severe  haemorrhages,  especially  from  the 
mucous  membrane  of  the  pelvis,  tend  to  occur  in  purpura,  scurvy,  leuco- 
cythaemia,  and  other  blood-diseases.  Bleeding  may  also  take  place  as  a 
result  of  the  presence  of  tumours  and  calculi.  Minute  submucous  petechial 
haemorrhages  are  of  common  occurrence  in  many  acute  toxic  and  septi- 
caemic  diseases ;  and  an  intense  haemorrhagic  nephritis  may,  in  certain 
cases,  supervene  in  some  of  the  acute  infective  fevers,  e.g.  epidemic 
cerebro-spinal  meningitis. 


SPECIFIC  OR  CHRONIC  INFECTIVE  DISEASES  OF  THE  KIDNEY  :— 

(a)  TUBERCULOSIS  OF  THE  KIDNEY.— This  may  be  part  of  a 
general  acute  or  chronic  tuberculosis,  but,  in  some  cases,  the  disease 
is  more  or  less  limited  to  the  genito-urinary  system. 

In  General  Acute  Miliary  Tuberculosis,  the  tuberculous  granulations 
are  of  common  occurrence  in  the  kidney,  especially  in  the  cortex,  where 
they  may  extend  along  the  lines  of  the  interlobular  vessels.  In  a  con- 
siderable proportion  of  cases  in  which  they  are  few  in  number,  they  may 
be  found  on  the  surface  immediately  beneath  the  capsule.  In  other 
cases  they  may  be  numerous  both  on  the  surface  and  throughout  the 
section.  They  shew  as  minute,  rounded,  opaque  white  areas,  similar 
to  those  seen  in  the  other  organs;  or  they  may  appear  as  elongated 
masses  in  the  long  axis  of  the  vessels,  produced  either  by  extension  or 
by  the  coalescing  of  adjacent  nodules.  Towards  the  surface,  they  may 
be  somewhat  wedge-shaped.  It  is  occasionally  a  matter  of  difficulty 
to  distinguish  them,  with  the  naked  eye,  from  small  abscesses,  but,  under 
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the  microscope,  they  exhibit  the  usual  appearances  of  caseation,  and  the 
other  changes  characteristic  of  tuberculous  lesions  elsewhere. 


Fig.  415. — Infarcts  in  the  Kidney.     Shewing  raised  wedge-shaped  area,  with  pale  centre 
and  congested  hemorrhagic  periphery. 


Fig.  416. — Infarcts  in  the  Kidney.  Shewing  the  pale  centre  and  congested  periphery. 
Note  that  the  surface  level  of  the  Infarcts  is  slightly  depressed  below  the  general 
surface  of  the  Kidney,  a,  Infarct  extending  into  medulla,  b,  b,  Smaller  Infarcts 
confined  to  cortex. 

In  cases  of  chronic  tuberculosis  in  other  organs,  a  few  small,  widely  - 
scattered  tubercles  in  the  kidney  are  of  comparatively  common  occur- 
rence;   whilst,  in  children  especially,  somewhat  larger  caseating  areas 
may  be  found  in  this  organ. 
59 
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Genito-Urinary  Tuberculosis  or  Renal  Phthisis  is  the  most  important 
form  in  which  the  disease  attacks  the  kidney.  This  condition  is  often, 
though  by  no  means  invariably,  associated  with  the  presence  of  tuberculous 
lesions  elsewhere,  for  example  in  the  lungs,  pleurae,  etc.  It  is  commonest 
in  the  male,  and  frequently  is  first  recognised  clinically  in  the  globus 
major  of  the  epididymis,  from  which  it  may  come  to  involve  the  body 
of  the  testicle  and  the  vas  deferens.  By  way  of  the  latter — usually  along 
its  lymphatics — the  process  spreads  to  the  seminal  vesicles,  urethra  and 
bladder,  and  up  the  ureters  to  the  pelvis  of  the  kidney.  In  other  cases, 
again,  the  disease  may — either  from  hematogenous  or  lymphatic  infec- 
tion, or  by  spread  from  a  focus  within  the  kidney — affect  the  submucous 
coat  of  one  of  the  renal  pelves,  from  which  position  it  spreads  down- 
wards, involving  the  ureter,  bladder,  etc.  It  may  then  extend  upwards 
along  the  other  ureter,  and  attack  the  kidney  of  the  opposite  side.  Thom- 
son Walker  x  states  that,  "  clinically,  tuberculosis  of  the  kidney  is  very 
frequently  found  without  vesical  tuberculosis,  and  the  after-history  of 
cases  of  nephrectomy  shews  that  the  original  focus  was  in  one  kidney." 
He  is  of  opinion  that  "  of  the  three  paths  of  infection  (ascending,  hema- 
togenous, and  lymphatic)  there  is  more  evidence  in  favour  of  the  haoma- 
togenous  than  of  the  others.  By  whichever  method  the  disease 
reaches  the  pelvis  of  the  kidney,  it  speedily  attacks  the  mucous  mem- 
brane, especially  in  the  calyces  immediately  around  the  renal  papillae, 
where  caseous  ulcers  are  formed,  external  to  which  there  is  a  zone  of 
intense  congestion.  These  gradually  spread  into  the  substance  of  the 
kidney,  which  may  become  converted  either  into  a  caseous  mass  or — 
if  the  ureter  is  partially  or  wholly  obstructed  by  the  tuberculous  process — 
into  a  series  of  sacs  and  pouches  with  caseous  walls  and  contents,  these 
corresponding  to  the  dilated  and  ulcerated  calyces.  The  size  of  such  a 
kidney  varies  with  the  degree  of  obstruction  and  the  amount  of  disten- 
sion produced,  the  organ  being,  in  some  instances,  very  greatly  enlarged. 
This  enlargement,  however,  is  not  a  constant  feature — the  kidney  being 
sometimes  normal,  or  even  reduced,  in  size .  In  the  substance  of  the  kidney, 
beyond  the  line  of  ulceration,  groups  of  tubercles  may  be  found,  but  in  some 
cases  these  are  absent.  There  is  usually  an  attempt  to  shut  off  the  diseased 
area  by  the  formation  of  a  zone  of  fibrous  tissue,  as  in  tuberculous  lesions 
elsewhere.  Associated  lesions  in  the  kidney-tissue,  such  as  acute  nephritis, 
subacute  diffuse  and  interstitial  nephritis,  waxy  disease,  etc.,  may  be 
present.  Fibrous  changes  in  the  capsule  and  surrounding  fatty  tia 
with  adhesions  to  neighbouring  structures,  are  practically  always  found. 

As  a  rule,  in  post-mortem  cases,  both  kidneys  are  affected,  though 
frequently  in  varying  degree.  In  ante-mortem  cases  coming  under  the 
observation  of  the  surgeon,  Thomson  Walker  states  that  from  88  to  92 
per  cent,  are  unilateral,  though  it  is  obviously  extremely  difficult,  if  not 
impossible,  to  be  absolutely  certain  in  the  living  subject,  that  the  other 
1  Thomson  Walker,  loc.  cit.,  p.  227. 


DISEASES  OF  THE  GENITOURINARY  SYSTEM        915 

organ  is  entirely  unaffected.  He  considers  that  spread  to  the  opposite 
kidney  is  usually  by  way  of  the  blood-stream.  In  cases  where  one  kidney 
only  is  diseased,  the  right  organ  is  more  frequently  affected  than  the  left. 
In  cases  in  which  the  disease  commences  on  one  side,  and  extends  to  the 
bladder  and  up  the  opposite  ureter,  both  ureters  become  swollen,  thickened , 


Fig.  417. — Tuberculosis  of  Kidney — "  Renal  Phthisis."  The  kidney-substance  has  teen 
almost  entirely  replaced  by  large  cyst-like  cavities,  which  have  resulted  from  the 
progressive  ulceration  and  dilatation  of  the  pelvis  and  its  calyces.  The  walls  of  these 
spaces  are  ragged  and  caseous.  (Edinburgh  University  Anatomical  Museum.  Cata- 
logue No.,  Gen.-U.  A.  q.  3.) 

and  hard,  and  more  or  less  filled  with  caseating  material,  this  causing  a 
diminution  in  calibre  or  even  entire  obliteration  of  the  lumen.  In  the 
bladder,  the  infection  may  lead  to  cystitis,  catarrhal  changes,  and  perhaps 
to  extensive  ulceration;  though,  in  some  cases,  the  tuberculous  lesions 
are  localised  especially  to  the  region  of  the  trigone.  In  the  epididymis, 
as  already  mentioned,  the  tuberculous  process,  in  addition  to  involving 
the  vas  deferens,  may  spread  to  the  testis,  usually,  at  all  events  at  first, 
on  one  side  only.    The  vesiculse  seminales  may  also  become  involved. 
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Results. — Most  commonly,  genito-urinary  tuberculosis  is  a  steadily 
progressive  disease  leading  to  a  fatal  termination.  In  a  few  instances, 
however,  the  process  may  be  arrested,  the  caseous  material  becoming 
inspissated  and  perhaps  calcined,  and  surrounded  by  dense  fibrous  tissue 
corresponding  with  the  capsule  of  the  organ.  Such  instances  of  "  healed  " 
tuberculosis  of  the  kidney  may  sometimes  be  found  in  the  bodies  of  even 
very  old  persons,  in  whom  the  presence  of  genito-urinary  tuberculosis 
had  been  quite  unsuspected  during  life. 

(b)  ACTINOMYCOSIS.— This  may  affect  the  kidney  as  part  of  a 
generalised  spread  from  some  focus  of  disease  in  connection  with  the 
intestine,  appendix,  or  elsewhere,  or  the  condition  may  spread  to  the 
organ  by  direct  continuity.  In  the  former  case,  multiple  small  nodules, 
tending  to  soften  and  form  small  abscesses  are  found.  A  perinephritic 
abscess  may  supervene.    The  condition  is  rare. 

(c)  SYPHILIS. — The  effects  of  syphilitic  disease  upon  the  kidney 
are  often  profound.  Gummata,  and  the  irregular  contracting  fibrous 
cicatrices  resulting  from  them,  may  occur ;  the  vascular  lesions,  especially 
in  the  renal  arteries,  are  very  important;  but  the  most  characteristic 
lesions  produced  in  the  kidney  by  syphilis  are  waxy  and  interstitial 
changes. 

Waxy  or  amyloid  degeneration  is  one  of  the  commonest  evidences  of 
the  disease,  and  is  often  associated  with  interstitial  changes,  and  the 
formation  of  cysts.  In  such  syphilitic  waxy  kidneys,  the  capsule  is  not 
necessarily  thickened  or  unduly  adherent,  and  the  surface  of  the  organ  is 
usually  granular,  the  elevations  being  larger  and  more  irregular  than  those 
seen  in  granular  contracted  kidney.  The  uneven  surface  frequently  pre- 
sents an  undulating  character.  Unless  other  causes  are  also  present,  these 
changes  in  the  kidney  are  not  necessarily — and,  in  fact,  are  seldom — 
accompanied  by  hypertrophy  of  the  left  ventricle.  (For  a  more  detailed 
account  of  waxy  or  amyloid  disease  of  the  kidney,  see  pp.  62  and  873-4.) 

(d)  In  LEUCOCYTHJEMIA,  especially  in  the  "lymphatic"  forms, 
characteristic  changes  are  found  in  the  kidney.  The  interstitial  con- 
nective-tissue framework  of  the  organ,  especially  around  the  vessels,  is 
infiltrated  with  cells  of  the  leucocyte-series,  the  nature  of  which  varies 
with  the  type  of  the  disease — the  smaller  or  larger  lymphocyte-like  cells 
being  present  in  the  lymphatic,  and  myelocytes  and  immature  poly- 
morphonuclear cells  in  the  myelogenous,  variety  (see  pp.  611  and  609). 

TUMOURS  OF  THE  KIDNEY  :— 

To  the  formation  of  Cysts  of  various  kinds,  reference  has  already 
been  made  on  p.  865  (see  also  p.  344). 

Simple  Tumours. — If  the  common  small  "  fibromas  "  be  excepted — 
simple  tumours  constitute  less  than  seven  per  cent,  of  renal  growths. 
Fibromas — or  little  fibrous  nodules  indistinguishable  histologically  from 
these — are  of  extremely  common  occurrence  in  the  kidney,  more  especi- 
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ally  in  the  pyramids,  where  they  are  seen,  on  section,  as  small,  firm, 
white  nodules,  usually  about  the  size  of  a  hemp-seed  or  a  little  larger. 
They  are  believed  by  some  to  be  of  the  nature  of  hamartomas  or 
"  deficiency-tumours  "  (see  p.  287).  Lipomas  may  occur  in,  but  more 
commonly  around,  the  kidney.  Multiple  small  lipomas  are  sometimes 
found  immediately  under  the  capsule. 

Sarcomas,  especially  round-  and  spindle-celled  in  type,  may  occur, 
as  may  also  lymphomatous  and  lympho-sarcomatous  tumours — the  last- 
mentioned  most  commonly  in  infancy  and  early  childhood.  Such 
sarcomas,  when  thus  occurring  in  infants,  are  sometimes  of  enormous 
size ;  and,  if  present  in  the  foetus,  they  may  interfere  with  parturition.  In 
the  adult,  such  tumours  are  usually  relatively  smaller — rarely  larger  than 
an  infant's  head.  They  are  generally  spindle-celled  or  small  round-celled 
in  type.  Rhabdomyomas  and  Myosarcomas,  or  congenital  tumours  con- 
taining peculiar  aberrant  forms  of  striped  muscle,  often  mixed  with  con- 
nective tissue  of  primitive  or  sarcomatous  type,  are  extremely  rare  forms 
of  malignant  growths  in  the  kidney.  They  are  found  usually  in  early 
infancy,  and  are  regarded  as  due  to  the  embryonic  intermingling  of 
tissues.  The  occurrence  of  such  tumours  in  the  kidney  may  be  one  of 
the  peculiar  associated  phenomena  characteristic  of  tuberose  sclerosis 
(q.  v.,  p.  998,  and  also  pp.  299-301  and  532).  Leiomyomas  are  very  rare. 
They  have  been  described  as  occurring  on  the  surface  under  the  capsule. 

Simple  Adenomas  originating  in  kidney-tissue  proper  are  of  extreme 
rarity,  but  adenomatous  tumours,  arising  from  suprarenal  remnants  or 
"  rests,"  and  to  which  allusion  is  made  in  the  Chapter  on  Tumours  (p.  271 ; 
see  also  p.  854),  are  of  more  frequent  occurrence.  Aberrant  or  displaced 
portions,  or  even  the  whole,  of  the  suprarenal  body,  may  be  found  partially 
or  entirely  embedded  in  the  renal  cortex,  from  which  they  are  usually 
demarcated  by  a  distinct  fibrous-tissue  capsule.  They  are  seen  com- 
monly as  small,  more  or  less  regularly  rounded  masses,  immediately 
under  the  capsule,  projecting  slightly  above  the  general  surface,  and 
presenting  the  finely -mottled,  orange-yellow  or  yellow-ochre  colour 
characteristic  of  the  suprarenal  cortex  itself.  From  these  rests — which, 
as  a  rule,  shew  almost  the  normal  microscopical  characters  of  the  cortex 
of  the  suprarenal  gland  itself — tumours,  both  simple  and  malignant, 
may  arise.  Such  tumours — Hypernephromas,  as  they  have  been  termed — 
are  most  commonly  found  in  patients  over  fifty  years  of  age.  They  are 
situated  usually  towards  the  upper  end  of  the  kidney,  and  may  vary 
in  size  from  that  of  a  walnut  up  to  that  of  the  closed  fist,  or  even  larger. 
They  are,  as  a  general  rule,  irregularly  rounded,  and  sometimes  nodulated, 
and  grow  inwards  towards  the  pelvis,  the  kidney-tissue  becoming  com- 
pressed and  atrophied — a  distinct  line  of  demarcation  usually  being  seen 
between  the  two.  On  cutting  into  the  tumour,  the  section  may  present 
a  peculiar  nodular  and  variegated  appearance,  due  to  the  intermingling 
of  orange-yellow  suprarenal-like  tissue,  with  areas  of  hemorrhage,  and  of 
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degeneration  and  necrosis — which  are  of  comparatively  common  occur- 
rence. Occasionally,  also  non-striped  muscle-fibres,  areas  of  cartilage, 
and  even  of  bone,  are  found,  such  tumours  being  apparently  either  of 
the  nature  of  embryomas,  or  due  to  the  intermingling  of  tissues  early 
in  development.  These  complex  tumours  vary  greatly  in  their  degree  of 
malignancy.     They   may   be   comparatively   simple   and   slow-growing, 


Fig.  418. — Mixed  Malignant  Tumour  of  Kidney,  originating,  perhaps,  as  an  embryoma,  or 
possibly  from  the  inclusion  or  intermingling  of  neighbouring  tissues  during  embryonic 
life.  The  tumour  contains  areas  of  imperfectly -formed  cartilage,  small  cystic  adenoma- 
tous spaces,  and  masses  of  aberrant  suprarenal  tissue.  The  dark  areas  are  due  to 
extensive  haemorrhages  into  the  tumour.  (Edinburgh  University  Anatomical  Museum. 
Catalogue  No.,  Gen.-U.  A.  w.  viii.  3.) 

with  little  tendency  to  infiltrate  neighbouring  organs  and  tissues,  and 
they  may  not  give  rise  to  metastases;  but,  in  other  cases,  they  are 
more  actively  malignant,  increasing  rapidly,  and  producing  second  a  in- 
growths in  the  liver,  lungs,  bones,  etc.,  and  also,  not  infrequently,  in  the 
other  kidney. 

Primary  Cancers  of  the  kidney  are  comparatively  rare  and  may  be 
of  malignant  adenomatous  type.  They  may  be  primary  in,  and 
limited  to,  one  kidney;   but   it   is   common,   in   these   cases,   to    find 
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secondary  growths  in  the  opposite  kidney.  Such  tumours  may  be 
characterised  by  the  presence  of  numerous  cystic  spaces,  due  to  the 
blocking  and  dilatation  of  kidney-tubules.  Encephaloid  or  soft  cancers, 
sometimes  containing  very  large  cells,  occur;  and,  in  some  cancerous 
tumours,  ciliated  epithelial  cells  have  been  found. 

Secondary  growths  arising  from  tumours  elsewhere  are  not  specially 
common  in  the  kidney,  but,  when  they  do  occur,  they  may  be  very 
numerous.  Both  cancers  and  sarcomas  are  found,  especially  melanotic 
forms  of  the  latter. 

Haematuria  is  present  in  the  majority  of  cases  of  malignant  disease 
of  the  kidney,  but  is  liable  to  occur  especially  in  malignant  papilloma  of 
the  mucous  membrane  of  the  pelvis.  With  this  type  of  tumour,  calculi 
are  found  associated  in  about  50  per  cent,  of  the  cases. 

PARASITES  IN  THE  KIDNEY  :— 

Hydatid  Cysts  are  rare.  They  may  either  be  confined  to  this  organ, 
or  accompany  a  similar  condition  of  the  liver. 

Schistosomiasis  (Bilharziasis)  may  attack  the  mucous  membrane  of 
the  pelvis. 

Eustrongylus  Gigas,  a  very  rare  parasite  in  man,  has  been  described 
as  occurring,  coiled  up  within  the  pelvis  of  the  organ. 


DISEASES   OF  THE   URINARY   BLADDER 

CONGENITAL  ABNORMALITIES.— Malformations.— The  main  portion 
of  the  bladder  is  formed  developmentally  from  the  upper  part  of  the 
anterior  division  of  the  entodermal  cloaca;  whilst  the  smaller  basal 
portion,  roughly  corresponding  to  the  trigone,  arises  from  the  opened- 
out  lower  ends  of  the  Wolffian  ducts,  and  is,  therefore,  of  mesodermic 
origin.  The  upper  or  cephalic  end  of  the  bladder  narrows  gradually, 
and  is  continuous  with  the  proximal  part  of  the  allantois,  which 
should  normally  close  about  the  fifth  week  of  intra-uterine  life  (Dixon).1 
Owing  to  the  incomplete  closure  of  these  structures  anteriorly,  vary- 
ing degrees  of  malformation,  from  umbilical  fistula  up  to  complete 
extroversion  of  the  bladder,  may  occur.  In  the  latter  condition,  the 
anterior  wall  of  the  abdomen  between  the  pubes  and  the  umbilicus, 
and  the  front  wall  of  the  bladder,  are  deficient.  The  cleft  so  formed 
is  fined  by  the  posterior  wall  of  the  organ,  the  margins  of  which 
are  continuous  with  the  skin  of  the  abdomen.  In  consequence  of  the 
intra-abdominal  pressure  acting  upon  the  soft,  yielding  bladder-wall, 
it  is  protruded  through  the  incomplete  abdominal  parietes,  forming 
an  irregular,  bulging  mass,  varying  in  size,  and  covered  by  cong< 

1  Dixon,  in  Cunningham's  Textbook  of  Anatomy,  Henry  Frowde  and  Hoddcr  & 
Stoughton,  Edinburgh,  Glasgow  and  London,  4th  edition,  3rd  impression,  n 
1917,  p.  1332. 
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and — from  its  exposure  to  bacterial  infection — usually  inflamed,  mucous 
membrane,  on  which  the  openings  of  the  ureters  can  be  seen,  inter- 
mittently discharging  urine  during  life.  With  this  bladder-condition, 
there  are  usually  associated  malformations  of  the  urethra  and  external 
genitals,  more  especially  epispadias  or  incomplete  closure  of  the  urethra 
along  the  dorsal  aspect  of  the  penis,  which  itself  usually  remains  small 
and  rudimentary.  The  pubic  arch  may  be  incomplete  towards  the 
middle  line. 

Minor  degrees  of  non-closure  are  also  found,  either  at  the  upper,  or 
at  the  lower,  end  of  the  original  cleft.  The  urachus  or  intra-abdominal 
portion  of  the  allantoic  canal  may  remain  patent,  producing  a  urinary 
fistula,  running  from  the  apex  of  the  bladder  up  to  the  umbilicus,  where 
it  opens  on  to  the  surface.  In  other  instances,  only  certain  portions  of 
this  canal  persist  unclosed,  and  may,  by  their  subsequent  distension, 
give  rise  to  cystic  formations.  From  defective  closure  at  the  lower  end, 
varying  degrees  of  epispadias  are  produced  (see  p.  926). 

INJURIES. — Rupture  of  the  bladder,  with  extravasation  of  urine  into 
the  peritoneal  cavity  or  into  the  cellular  tissue,  etc.,  may  occur,  especially 
in  crushing  injuries  causing  fracture  of  the  pelvis.  Injury  to  the  bladder 
may  be  produced  by  penetrating  wounds,  or  during  parturition ;  and  also 
in  cases  of  falls  from  a  height,  or  blows  on  the  abdomen  when  the  bladder 
is  distended  with  urine.  For  a  detailed  account  of  these  and  other  con- 
ditions, reference  should  be  made  to  textbooks  on  Surgery,  Midwifery, 
and  Gynaecology. 

DILATATION  of  the  bladder,  with  or  without  HYPERTROPHY 
of  its  muscular  walls,  is  of  comparatively  common  occurrence.  Acute 
distension  may  be  due  to  obstruction  of  the  outflow  of  urine,  e.  g.  from 
congestion  of  the  prostate,  especially  where  the  so-called  middle  lobe  of 
the  gland  is  enlarged.  Such  acute  distension  may  also  be  due  to  paralysis 
of  the  muscular  coat  of  the  organ,  and  may  be  very  great  in  degree. 

Where  the  dilatation  is  gradually  produced,  e.g.  in  cases  of  urethral 
stricture,  a  very  considerable  degree  of  hypertrophy  may  occur,  more  or 
less  uniform  in  some  cases,  but  in  others  extremely  asymmetrical,  the 
thick,  interlacing  bundles  of  muscle,  when  viewed  from  within,  often 
resembling  the  pectinate  muscles  of  the  heart.  Between  these  bundles, 
pouch-like  dilatations  or  diverticula,  sometimes  of  considerable  size,  may  be 
produced — a  condition  known  as  sacculation  of  the  bladder.  Where 
once  formed,  such  diverticula  tend  to  become  progressively  larger  in  size. 
In  these  sacculi,  calculi  may  form,  deposits  of  triple  phosphates  being 
common,  especially  if  any  infection,  leading  to  decomposition  of  the 
urine,  occurs.  Diverticula  may  also,  in  some  cases,  be  congenital  in 
origin,  e.g.  those  arising  from  a  persistent  urachus  (so  above). 

HEMORRHAGE  INTO   OR   FROM   THE   BLADDER.     Apart    from 
conditions  in   which  the   blood   reaches   the   bladder   from   above, 
from  the  kidney  or  renal  pelvis,  haemorrhage  may  occur  in  cases  of  trauma 
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(accidental  or  operative),  in  calculus-formation,  in  blood-diseases  (e.g. 
haemophilia,  scorbutus,  etc.),  in  some  cases  of  poisoning  (e.g.  with  canth- 
arides),  in  certain  very  acute  forms  of  cystitis,  and  in  cases  of  tuberculous 
ulceration,  new  growth,  and  schistosomiasis  (Bilharziasis  or  endemic 
haematuria).  Bleeding  from  the  bladder-wall  may  also  be  produced  if 
the  urine  from  an  over-distended  bladder  be  too  quickly  drawn  off.  This 
is  due  probably  to  the  sudden  filling  and  rupture  of  vessels  which, 
having  been  rendered  temporarily  functionless  owing  to  the  pressure 
upon  them  of  the  contained  urine,  have  undergone  degenerative  changes. 
In  cases  of  chronic  venous  obstruction,  e.g.  by  old  inflammatory  adhesions, 
tumour-growth,  etc.,  the  veins  of  the  submucous  coat  of  the  organ 
occasionally  become  varicose,  and,  from  their  rupture,  give  rise  to 
haemorrhage. 

CYSTITIS.— Inflammation  of  the  mucous  membrane  of  the  bladder 
varies  greatly  in  its  intensity,  minor  degrees  of  cystitis  being  com- 
paratively common.  The  condition  may  occur  alone,  but  is  very  often 
associated  with  pyelitis,  urethritis,  prostatitis,  etc. 

Causes. — Cystitis  arises  from  the  irritation  of  calculi,  of  new  growth, 
or  of  the  ova  of  Schistosomum  hcematobium  (Bilharzia) ;  but,  in  most 
cases,  and  even  in  those  just  mentioned,  the  condition  is  commonly 
due  to  bacterial  infection.     Bacteria  may  gain  access  to  the  bladder — 

(a)  From  below,  by  way  of  the  urethra,  e.  g.  from  the  use  of  a  dirty 
catheter,  especially  in  cases  of  paraplegia  and  other  paralytic  diseases ;  or 
the  bladder  may  become  infected  by  the  upward  extension  of  a  gonorrhceal 
or  other  form  of  urethritis.  In  the  females,  such  ascending  infection  is 
specially  common  after  defloration  and  parturition,  and  is  mostly  fre- 
quently due  to  B.  coli  and  its  relatives,  with  or  without  associated 
Strepto-  or  Staphylo-cocci,  or  to  the  Gonococcus,  Enterococcus,  etc. 

(b)  From  above,  by  way  of  the  ureters,  for  example,  in  suppurative  or 
other  infective  diseases  of  the  kidney. 

It  may  here  be  noted  that,  in  the  kidney,  bacteria  may  pass  from  the 
blood  into  the  urine  without  any  apparent  gross  lesion  such  as  ulceration  ; 
and,  in  this  way,  bacteria,  in  some  cases,  reach  the  bladder.  The 
presence  of  bacteria  in  the  urine — Bacteruria,  or,  if  due  to  bacilli, 
Bacilluria — does  not  necessarily,  however,  give  rise  to  any  special 
inflammatory  lesions  in  the  bladder  or  urinary  passages.  Bacteruria  is 
very  commonly  present  in  typhoid  fever,  B.  typhosus  being  passed,  often 
in  very  considerable  numbers ;  and,  similarly,  B.  paratypJiosus,  and  other 
members  of  the  coli-typhoid  group,  Micrococcus  melitensis,  Strepto- 
coccus rheumaticus 1  and  other   organisms  may  occur  in  the   urine   in 

1  Carnegie  Dickson,  working  in  conjunction  with  Dr.  H.  Moreland  McCrea, 
'Dr.  A.Charles  Gray  and  other  clinicians,  has  isolated  various  streptococci — probably 
identical  with,  or  forming  a  group  closely  allied  to,  the  Streptococcus  rheumaUeMS- 
from  a  series  of  some  fifty  cases  of  chronic  rheumatic  and  rheumatoid  uthril 
called  fibrositis,  muscular  rheumatism,  and  allied  conditions.  In  a  large  proportion 
of  these  cases,  the  joint-  and  other  local  lesions  reacted  in  a  specific  manner  to 
vaccines  prepared  from  the  streptococci  so  isolated. 
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cases  of  general  infection  by  them.  Another  form  of  bacteruria,  which 
is  comparatively  common,  is  that  following  a  cystitis,  pyelitis,  or  combina- 
tion of  these  conditions,  in  which  the  inflammatory  reaction  gradually 
dies  down  but  the  organisms  persist,  sometimes  in  large,  sometimes  in 
small,  numbers.  Cases  of  this  nature  are  very  liable  to  relapses  or 
recrudescences  of  the  inflammatory  condition  when  exposed  to  chill  or 
other  predisposing  cause — a  common  sequence  of  events  in,  say,  B.  coli 
bacilluria. 

(c)  By  way  of  the  blood-  or  lymph- stream.  The  bladder  may  become 
infected  from  the  intestine,  through  the  weakened  or  damaged  walls  of 
which,  organisms,  e.g.  B.  coli,  may  pass  and  find  their  way  by  blood-  or 
lymph-stream  into  the  bladder.  Such  passage  of  organisms  by  these 
channels,  however,  probably  takes  place  most  frequently  through  the 
kidneys,  as  described  above. 

The  bacteria  most  frequently  found  in  cases  of  cystitis  are  the  B.  coli 
group,  Staphylococci,  especially  Staphylococcus  pyogenes  albus,  the 
Gonococcus,  Enterococci  and  other  forms  of  Streptococci,  and  B.  proteus, 
as  well  as  a  number  of  bacteria  whose  classification  is  still  doubtful.  In 
many  cases,  such  infections  are  mixed  in  character.  Certain  organisms 
which  lead  to  alkaline  decomposition  of  the  urine  may  produce  cystitis. 
a  deposit  of  ammonium  urate,  phosphates,  etc.,  being  found  on  the 
mucous  membrane.  Except  where  this  occurs,  the  urine,  in  cases  of 
cystitis,  is  usually  acid  when  passed,  though  it  rapidly  undergoes  decom- 
position and  becomes  alkaline  on  standing. 

Morbid  Appearances. — The  mucous  membrane  is  congested,  swollen, 
and  usually  thrown  into  folds.  It  is  sometimes  much  discoloured,  vary- 
ing from  dark-red  to  purple,  and  often  shewing  numerous  extensive  sub- 
mucous haemorrhages,  the  appearance  sometimes  almost  suggesting  that 
of  gangrene.  The  surface  may  be  covered  by  a  red  or  yellowish-red 
deposit  of  precipitated  ammonium  urate,  uric  acid,  earthy  phosphates, 
etc.,  and  the  summit  of  the  ridges  with  mucus,  muco-pus,  or,  in  some 
cases,  with  almost  pure  pus.  The  distribution  of  the  inflammatory 
phenomena  may  be  general,  but  is  often  more  intense  at  the  base  or 
trigone.  The  openings  of  the  ureters  may  be  specially  affected,  par- 
ticularly when  there  is  associated  pyelitis,  e.g.  they  may  shew  congestion, 
cedematous  swelling,  haemorrhage,  etc. 

Where  the  inflammatory  condition  becomes  chronic,  the  bladder-wall 
may  be  greatly  thickened,  this  thickening  being  due  mainly  to  an  over- 
growth of  fibrous  tissue  in  the  wall,  though  some  degree  of  hypertrophy 
of  the  muscular  coat  may  occur.    Marked  contraction  may  sup 
and,  in  some  instances,  the  cavity  of  the  bladder  may  be  almost  absent. 

TUBERCULOSIS   OF   THE   BLADDER.— See  Genito-Urinary 

Tuberculosis,  p.  914. 

NEOPLASMS    OF    THE    BLADDER.- Th  most    frequently 

papillomatous   in    type— either  simple,   or,    perhaps   more   commonly, 
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malignant  in  nature,  the  one  group  running  into  the  other  without  any 
definite  line  of  demarcation  between  them.  They  are  characterised  by 
the  presence  of  masses  of  long,  extremely  delicate,  branching  villous 
processes,  which  consist  usually  of  a  scanty,  highly  vascular,  connective- 
tissue  core,  covered  by  transitional  stratified  epithelium,  very  much 
resembling  that  of  the  normal  bladder,  though  the  superficial  and  more 
flattened  cells  may  be  absent.    In  simple  cases,  the  condition  is  limited 


Fio.  419. —  Villous  Papilloma  of  Bladder,  composed  of  long,  slender,  branching  processes 
with  delicate  vascular  core  covered  by  proliferated  transitional  epithelium.      X200. 


to  the  mucous  coat,  but,  in  those  which  are  malignant,  wide-spread  in- 
filtration may  occur.  All  intermediate  grades  are  found.  Haemorrhages 
from  such  tumours  frequently  occur,  and  small  portions  of  the  tumour 
may  break  off,  and  be  found  on  microscopical  examination  of  the  urine. 
Scirrhus  tumours,  though  they  may  occasionally  be  primary,  are 
more  usually  secondary,  especially  to  tumours  of  the  prostate ;  and  the 
same  holds  good  with  regard  to  adeno-carcinoma.  Fibroma,  myxoma, 
myoma,  and  sarcoma  are  rare.  Cysts  are  also  very  uncommon,  but 
may  originate  from  glands  or  from  congenital  defects  connected  with 
the  urethra,  urachus,  Wolffian  body,  or  Gartner's  duet. 
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MALAKOPLAKIA  is  an  extremely  rare  condition  which  may  attack  the 
mucous  membrane  of  the  bladder — the  authors  having  seen  only  two  i 
of  it  in  twenty  years.  It  is  characterised  by  the  presence  of  slightly-raised 
pale -whitish  or  yellowish-white  opaque  areas  scattered  over  the  surface,  due 
to  the  development,  mostly  in  the  submucous  coat,  of  masses  of  large  polygonal 
cells,  many  of  which  contain  clear  rounded  "  Michselis-Gutmann  bodies," 
staining  deeply  with  hematoxylin,  and  being  probably  degeneration-products. 
The  nature  of  the  condition  is  still  unknown,  some  writers  having  suggested 
that  it  may  be  neoplastic,  granulomatous,  or  bacterial  in  origin,  others  that 
there  may  be  more  than  one  factor  in  its  causation.  This  disease  maj 
attack  the  kidney. 

PARASITES. — The  only  parasite  of  importance  which  affects  the 
urinary  bladder  is  Schistosomum  hcematobium  (Bilharzia  hcematobia),  a 
full  description  of  which  will  be  found  on  p.  391.  Carnegie  Dickson 
(with  Thomson  Walker)  has  investigated  two  cases  of  urinary  infection 
with  mites  (see  pp.  440-1). 


URINARY  CALCULI 

(See  also  p.  906) 

These  are  composed  of  certain  normal  or  abnormal  constituents  of 
the  urinary  secretion  which,  either  because  of  their  excessive  amount, 
or  from  precipitation  owing  to  the  occurrence  of  certain  chemical 
changes — e.  g.  those  found  in  decomposition  of  the  urine — crystallise  out, 
or  are  deposited  in  amorphous  form.  Such  calculi  may  be  composed  of 
one,  or,  in  many  cases,  of  a  mixture  of  two  or  more,  of  the  following 
substances — uric  acid,  urates,  calcium  oxalate,  phosphates,  and,  more 
rarely,  calcium  carbonate,  cystin,  xanthin,  or  cholesterin.  In  the  calculus, 
these  substances  are  bound  together  by  an  organic  matrix,  usually 
altered  mucus  or  some  similar  substance,  and  may  have  a  laminated, 
and  frequently  also  a  radially  striate,  structure.  The  "  nucleus  "  of  a 
calculus  is  usually  composed  of  urates  or  uric  acid  (which  may  originate 
in  the  kidney)  or,  in  some  cases,  may  consist  of  a  foreign  body. 

In  Egypt  and  elsewhere,  Bilharzia  ova,  or  brokcn-ofi  fragments  of 
Bilharzia  papillomata  containing  them,  may  form  the  nucleus  of  calculi. 

Inflammatory,  degenerative,  and  necrotic  processes  play  an  important 
part  in  the  production  of  some  calculi,  e.g.  inflammatory  products 
may  become  infiltrated  with  the  various  chemical  substances  mentioned 
above.  On  the  other  hand,  calculi,  when  once  formed,  act  as  ton 
bodies,  the  irritation  of  which  either  helps  to  keep  Up  a  pre-existing 
inflammation,  such  as  a  pyelitis  or  cystitis,  or  predisposes  toward 
occurrence. 

Calculi  are  Bingle  or  multiple,  and  may  lie  free  in  the  bladder,  or  be 
embedded  in  a  diverticulum,  or  they  may  be  impacted  at  the  opening 
of  the  ureter. 

Uric-Acid  Calculi  are   formed    where   uric  acid   crystallises  out   in 
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consequence  of  excessive  acidity  of  the  urine,  the  acid  phosphates  using 
up  some  of  the  bases  which  should,  under  normal  circumstances,  be 
combined  with  it.  This  substance  may  also  be  precipitated  where  it  is 
present  in  excessive  amount  because  of  dietetic  and  other  errors;  or 
where  the  watery  part  of  the  excretion  is  insufficient  in  amount  to  hold 
it  in  solution.  Uric-acid  calculi  are  hard  in  consistence,  and  more  or  less 
spherical  or  ovoid  in  shape.  They  are  usually  yellowish-  or  reddish-brown 
in  colour,  from  the  associated  presence  of  urinary  pigment.  They  are 
generally  slowly  formed,  and  may,  if  the  urine  becomes  alkaline  from 
decomposition,  form  the  "  nuclei "  of  more  rapidly  growing  phosphatic 
stones. 

Urate-Calculi,  composed  of  ammonium  or  of  sodium  urate,  etc.,  are 
rare.  They  are  found  chiefly  in  infants,  though  they  also  occur  in 
adults  from  ammoniacal  decomposition  of  the  urine. 

Calcium- Oxalate  Calculi  may  originate  in  the  pelvis  of  the  kidney, 
and  be  carried  down  into  the  bladder.  They  are  extremely  hard,  and 
usually  present  a  rough,  nodulated  or  "  mulberry  "  exterior,  by  reason 
of  which  they  give  rise  to  considerable  irritation  and  haemorrhage,  and 
are  themselves  generally  stained  a  dark-brown  or  brownish-black  colour, 
from  the  presence  of  blood-pigment.  They  frequently  shew  an  admixture 
with  uric  acid,  and  they  may  form  the  nucleus  of  phosphatic  concretions. 

Phosphate- Calculi  are  found  especially  where  there  is  ammoniacal 
decomposition  of  the  urine  due  to  bacterial  infection.  They  are  pale 
and  chalky  in  appearance,  soft,  and  friable,  and  are  composed  mainly 
of  magnesium  and  calcium  phosphates,  usually  mixed  with  varying 
quantities  of  calcium  oxalate  and  ammonium  urate,  mucus,  and  urinary 
pigment.  They  are  found  commonly  in  cases  of  cystitis,  when  the  urine 
becomes  alkaline  from  decomposition,  and  they  frequently  exhibit  a 
"nucleus"  of  uric  acid.  From  the  fact  that  it  is  fusible  in  the  flame 
of  the  blow-pipe,  the  phosphatic  calculus  has  been  termed  the  fusible 
calculus.     It  is  soluble  in  the  mineral  acids  without  evolution  of  gas. 

Calcium-Carbonate  Calculi,  though  common  in  herbivora,  are  rare  in 
man.  They  are  usually  extremely  hard,  though  soft  forms  may  some- 
times be  found.  They  readily  dissolve  in  a  mineral  acid,  carbon -dioxide 
gas  being  given  off. 

Cystin-,  Xanthin-,  and  Cholesterol-Calculi,  are  extremely  rare. 


DISEASES  OF  THE   URETHRA 

MALFORMATIONS.— Absence  of  the  urethra,  in  whole  or  in  part, 
may  occur.  Doubling  of  the  channel,  abnormal  communications  {e.g. 
with  the  rectum),  diverticula,  and  other  somewhat  rare  abnormalities, 
are  occasionally  found.  The  commonest  and  most  important  mal- 
formations are  hypospadias  and  epispadias. 
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Hypospadias  is  a  condition  due  to  the  non-closure  of  the  floor  of  the 
urethra.  All  degrees  of  such  non-closure  may  occur;  and  the  anterior 
orifice  of  the  complete  portion  of  the  channel  may  open  at  any  point 
from  the  glans  in  front  to  the  perineum  posteriorly.  In  its  most  extreme 
form — the  condition  known  as  pseudo-hermaphroditism — the  urethral 
opening  is  in  the  perineum;  the  scrotal  integuments  shew  a  central 
vertical  cleft  simulating  the  aperture  of  the  vulva;  and  the  penis  is 
rudimentary  and  resembles  a  hypertrophied  clitoris.  The  testicles  may 
not  have  descended,  or  may  be  malplaced.  In  its  lesser  degrees,  the 
anterior  opening  of  the  urethra  is  in  front  of  the  scrotum  on  the  under 
aspect  of  the  penis.  In  its  commonest  form,  the  deformity  is  slight, 
the  aperture  being  on  the  under  aspect  of  the  glans  in  the  position  of  the 
fraenum,  which  is  imperfect  or  absent. 

Epispadias  is  a  condition  where  the  urethral  wall  is  defective  upon 
the  dorsal  aspect  of  the  penis.  The  opening  may  be  on  the  upper  aspect 
of  the  glans.  More  commonly,  however,  it  is  at  the  root  of  the  penis 
under  the  symphysis  pubis.  In  its  most  complete  form,  it  constitutes 
part  of  the  condition  of  extroversion  of  the  bladder  (q.  v.,  p.  919). 

INJURIES  OF  THE  URETHRA  occur  from  lacerated  wounds  of, 
or,  occasionally,  from  falls  upon,  the  perineum — the  passage,  in  the 
latter  case,  being  "nipped"  against  the  lower  edge  of  the  pubic  arch. 
Tearing  of  the  urethra — especially  at  or  near  the  triangular  ligament — 
is  a  common  complication  of  fracture  of  the  pelvic  bones;  whilst  false 
passages  may  be  produced  by  the  unskilful  use  of  the  catheter  in  cases 
of  stricture,  etc.,  or  the  introduction  of  foreign  bodies.  These  injuries 
are  of  importance  from  the  fact  that  they  produce  extravasation  of  urine 
into  the  surrounding  tissues,  and  also  because  any  such  injury  may  lead, 
later,  to  cicatricial  contraction,  and  the  production  of  urethral  stricture. 

INFLAMMATORY  LESIONS.— The  most  important  of  these  is  the 
inflammation  produced  by  the  Gonococcus  or  Micrococcus  gonorrhoea?. 
In  the  acute  stage,  the  mucous  membrane  is  red  and  swollen,  and  there 
is  a  glairy  discharge  which  soon  becomes  purulent  and  usually  slightly 
blood-stained.  It  contains  numerous  polymorphonuclear  leucocytes,  and 
also  mononuclears  and  desquamated  epithelial  cells,  in  the  interior  of 
which — especially  in  the  polymorphs — the  causal  organism  may  be 
found.  The  Gonococci  penetrate  deeply  into  thi  mucous  membrane 
and  the  subjacent  connective  tissue,  where  they  often  persist  for  a  long 
period.  They  may  also  infect  the  prostate,  seminal  vesicles,  testicles, 
bladder,  etc.;  and,  in  the  female,  may  produce  gonorrhoeal  cervicitis, 
endometritis,  salpingitis,  or  perhaps  peritonitis.  Secondary  mixed 
infection  with  other  organisms,  especially  Staphylococcus  albus  and 
diphtheroid  bacilli,  usually  occurs  comparatively  early.  Gonorrhoeal 
urethritis  usually  persists  as  a  chronic  inflammation  for  a  considerable 
period  after  infection,  and  is  the  commonest  cause  of  stricture. 

Other  forms  of  urethritis  occur,  but  are  comparatively  rare. 
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STRICTURE  OF  THE  URETHRA  may  arise  from  cicatricial  contrac- 
tion following  injury  or  inflammation.  It  is  most  commonly  gonorrhoeal 
in  origin.  The  most  frequent  site  of  such  strictures  is  at,  or  immediately 
in  front  of,  the  triangular  ligament,  i.  e.  at,  or  near,  the  junction  of  the 
membranous  with  the  spongy  portions  of  the  canal.  From  the  resulting 
retention  of  urine,  the  urethra  above  the  stricture,  the  bladder,  and 
perhaps  also  the  ureters  and  renal  pelves,  become  dilated,  and  considerable 
hypertrophy  of  the  bladder  frequently  ensues. 

URETHRAL  CALCULI.— These  may  be  due  to  impaction  from  above, 
or,  in  some  cases,  primary.  In  the  latter  case,  they  are  usually  phosphatic 
in  nature,  may  be  multiple,  and  sometimes  attain  to  a  considerable  size. 

TUMOURS  OF  THE  URETHRA  are  rare.  Papilloma,  fibroma,  myoma, 
adenoma,  cysts,  carcinoma  and  sarcoma  have  all  been  described.  Urethral 
Caruncle  in  the  female  is  a  highly  vascular  tumour  developing  on  the  pos- 
terior wall  of  the  urethra  near  the  meatus.  It  is  covered  by  squamous 
epithelium. 

These  and  allied  conditions  are  more  fully  discussed  in  textbooks 
of  Surgery  and  Gynaecology. 
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DISEASES  OF  THE  GENERATIVE   SYSTEM 

In  addition  to  its  primary  function  of  spermatogenesis,  an  important 
internal  secretion  is  produced  in  the  testis,  probably  by  the  so-called  interstitial 
cells  of  Leydig  lying  between  the  gland-acini.  Castration  in  the  male  child 
prevents  the  further  development  of  the  prostate  and  seminal  vesicles  and 
the  special  secondary  sexual  characteristics  (development  of  hair  on  the  face, 
and  the  male  skeletal  characters,  enlargement  of  the  larynx,  etc.).  Most 
of  the  ductless  glands  are  affected  in  varying  degrees,  the  thyroid  being  dimin- 
ished, and  the  suprarenal  cortex,  pituitary  and  thymus  increased,  in  size, 
with  arrest  of  the  normal  retrogression  of  the  last-named  organ.  The  epiphyses 
remain  longer  unossified,  and  the  bones  tend  to  be  thinner  and  more  elongated 
than  normal.  In  the  adult,  the  prostate  tends  to  atrophy,  and  the  secondary 
sexual  characters  may  become  less  marked.  Very  important  effects  upon 
metabolism  are  produced,  and  there  is  marked  tendency  to  adiposity.  These 
phenomena  are  due  to  the  loss  of  the  autacoid  produced  by  the  interstitial 
cells,  and  not  to  the  absence  of  the  sperm-producing  tissue.  Prolonged 
exposure  to  X-rays  leads  to  atrophy,  first  of  the  seminiferous  glandular  tissue 
and,  later,  of  the  interstitial  cells.  Ligation  of  the  vas  deferens  produces 
atrophy  of  the  spermatogenetic  tissue ;  and  a  varying  degree  of  com- 
plementary overgrowth  or  regeneration  of  the  interstitial  tissue  is  described 
as  occurring — constituting  the  theoretical  basis  of  Steinachs  operation  in 
premature  senility. 

We  do  not  propose  to  deal  with  the  diseases  of  the  female  generative 
system,  as  these  are  fully  described  in  works  on  Gynaecology  x ;  or  with 
various  surgical  affections,  such  as  hernia,  etc.,  for  descriptions  of  which, 
textbooks  of  Surgery  2  may  be  consulted. 

DISEASES   OF  THE   TESTICLE 

MALPOSITIONS. — The  testes  are  developed  within  the  abdomen, 
from  which  they  should  normally  descend  into  the  scrotum  during  fcetal 
life.  CRYPTORCHISMUS  or  UNDESCENDED  TESTICLE  is  the  term 
applied  to  the  condition  wThere  the  descent  has,  either  totally  or  partially, 
failed  to  occur.  It  may  affect  one  or  both  organs,  and  the  arrest  may 
take  place  at  any  part  of  their  downward  course.  Thus,  the  undescended 
testis  may  be  situated  within  the  abdomen,  or  in  the  inguinal  canal.  The 
organ  is,  as  a  rule,  imperfectly  developed  and  functionless  as  regards 
spermatogenesis,  though  the  specific  internal  secretion  is  still  usually 
produced  by  the  interstitial  cells,  which  are  generally  present.  The 
condition  is  of  importance  from  the  increased  liability  of  the  gland  to 
injury,  or  to  become  the  seat  of  inflammation  or  neoplastic  growth.  In 
some  cases,  apparently  from  abnormalities  in  the  attachments  ol  the 
gubernaculum  testis,  the  organ  may  find  its  way  into  the  perineum  or 
elsewhere. 

1  Gynecological  Diagnosis,  by  Barbour  and  Watson,  I  Sons,   Edinburgh 

and  London,  3rd  edition   l'.ii'i';    Gyncscology  for  Students tmd  Practitioners,  Eden 
and  Lockycr,  Churchill,  London,  2nd  edition  1020, 

A  System  of  Surgery,  edited  by  Choyoe  and  B  1  A  Co.,  London, 

etc.,  2nd  edition  19! 
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MALFORMATIONS  and  other  congenital  abnormalities  occur :  for 
example,  the  non-development  of  one  or  both  organs,  or,  in  rare  instances, 
the  occurrence  of  a  third  testicle. 

HYDROCELE,  or  distension  of  the  tunica  vaginalis  with  fluid,  may 
be  dropsical,  or,  more  commonly,  inflammatory  in  origin.  When  of  old 
standing,  the  tunica  vaginalis  may  become  much  thickened.  On  the 
surface  of  the  testicle  this  fibrous  thickening  may  be  irregular  and  nodular, 
and  is  liable  to  be  mistaken,  on  naked-eye  examination,  for  cartilage.  In 
congenital  hydrocele,  the  cavity  of  the  tunica  vaginalis  remains  in  com- 
munication with  the  general  peritoneal  cavity.  If  haemorrhage  occurs 
into  the  tunica  vaginalis,  the  condition  is  known  as  HEMATOCELE. 

ORCHITIS,  or  INFLAMMATION  OF  THE  TESTIS,  is  produced  by 
local  infection  by  way  of  the  urethra  and  vas  deferens,  as  in  gonorrhceal 
orchitis;  or  it  may  be  due  to  a  blood-spread,  as  in  cases  of  acute  infective 
parotitis  or  mumps,  in  which  disease  this  complication  is  of  not  infrequent 
occurrence. 

An  orchitis  commences  usually  in  the  epididymis,  where  it  may 
remain  localised,  or  from  which  it  may  spread  to  the  body  of  the  testicle. 
Acute  hyperemia  and  swelling  occur,  with  or  without  extension  of  the 
inflammation  to  the  tunica  vaginalis.  Recovery  may  take  place,  or  the 
disease  may  go  on  to  abscess-formation,  or  it  may  become  chronic. 

Chronic  orchitis  is  characterised  by  fibrous  overgrowth,  with  conse- 
quent atrophy  of  the  glandular  elements.  It  may,  as  just  stated,  originate 
in  an  acute  attack,  or  it  may  be  due  to  one  of  the  chronic  infective  diseases, 
such  as  tuberculosis,  syphilis,  or  leprosy. 

TUBERCULOSIS  OF  THE  TESTICLE.— The  disease  usually  com- 
mences in  the  epididymis,  and  is  due  probably  to  a  blood  infection. 
The  usual  phenomena  of  the  disease  are  seen,  viz.  caseation  and  fibrous 
overgrowth.  These  may,  at  first,  be  localised  to  the  epididymis,  which 
becomes  palpable  as  an  elongated  firm  mass,  lying  along  the  posterior 
border  of  the  testis.  The  process  tends  to  extend  to  the  body  of  the 
gland,  which,  from  the  spread  and  coalescing  of  the  caseous  areas,  may 
become  entirely  destroyed.  Ulceration  is  liable  to  occur,  with  the 
formation  of  fistulous  openings  through  the  skin  of  the  scrotum. 

Reference  has  already  been  made  to  the  tendency  of  the  tuberculous 
process  to  spread  to  the  bladder  and  kidneys  (see  Genito-Urinary  Tuber- 
culosis, p.  914). 

SYPHILIS  OF  THE  TESTICLE  may  take  the  form  of  a  diffuse  chronic 
inflammatory  overgrowth  of  the  connective-tissue  framework  of  the 
organ:  or  of  localised  gummatous  formation.  In  the  latter  case,  the 
gummata  may  be  multiple,  and  may,  by  their  coalescence,  cause  prad  ically 
total  destruction  of  the  gland. 

TUMOURS  OF  THE  TESTICLES.— Simple  tumours  are  uncommon, 
the  testicle  being  much  more  frequently  the  scat  of  malignant  disease. 

Cancers — especially  those  of  the  soft  or  encephaloid  variety — and 
00 
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sarcomas  may  occur,  the  latter  often  exhibiting  a  mixed  character,  for 
example,  combinations  with  myxomatous,  chondromatous,  adenomatous, 
and  other  tumours.  Mixed  cartilaginous  tumours  of  the  testicle  are  of 
special  interest.  They  are  sometimes  highly  malignant,  and  have  been 
considered  by  some  writers  to  arise  from  remnants  or  "  rests  "  of  aberrant 
and  included  vertebral  cartilages — the  testicle,  before  its  descent,  lying 
in  close  proximity  to  the  bodies  of  lumbar  vertebrae;  they  are  now, 
however,  believed  by  most  authorities  to  be  teratomatous  in  origin,  this 
view  being  probably  the  correct  one,  there  being  usually  an  admixture 
of  other  tissues  derived  from  the  various  embryonic  layers  present  in 
such  tumours  in  addition  to  cartilage. 

Chorion-epithelioma  is  another  tumour,  of  a  teratomatous  nature, 
which  may  occasionally  occur  in  the  testicle.  In  the  male,  it  is 
necessarily  a  "  tumour  of  consanguinity,"  i.e.  derived  from  a  germ-cell 
segregated  very  early  in  development  and  with  potentialities  in 
some  ways  resembling  those  of  the  impregnated  ovum  itself.  In 
the  male,  such  tumours  are  always  of  much  greater  malignancy 
than  in  the  female,  as,  in  the  case  of  the  latter,  the  tumour  arises 
from  the  offspring,  and  the  chorionic  tissue  may  attain  a  varying 
degree  of  maturity,  the  resulting  tumour  shewing  a  corresponding 
variation  in  its  malignancy — a  lesser  degree  being  found,  the  more 
mature  the  development  of  the  tissue  from  which  it  originates. 

Cystic  tumours  of  the  testicle  sometimes  occur,  in  which  the  testicle 
is  transformed  into  a  congeries  of  dilated  cysts,  originating  possibly  from 
the  developmental  intermingling  with  the  remains  of  the  Wolffian  body 
or  neighbouring  structures. 


DISEASES   OF  THE   SPERMATIC   CORD 

Of  these,  the  commonest  is  the  condition  of  VARICOCELE  or  varicose 
dilatation  of  the  spermatic  veins.  This  occurs  most  commonly  on  the 
left  side.     (See  under  Diseases  of  Veins,  p.  562.) 

HYDROCELE  OF  THE  CORD  is  due  to  distension  of  unobliterated 
remnants  of  the  peritoneal  diverticulum  formed  for  the  descent  of  the 
tie,  and  from  the  lower  part  of  which  the  tunica  vaginalis  testis 
originates.  Haemorrhage  into  these  remnants,  or  into  the  tissues  of  the 
spermatic  cord,  constitutes  the  condition  known  as  HEMATOCELE  or 
HEMATOMA  of  the  cord. 

TUBERCULOSIS  of  the  vas  deferens  may  occur  as  part  of  the  more 
widely  spread  condition  known  as  Genito-Urinary  Tuberculosis  (*ec  p.  914). 
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DISEASES   OF  THE   PENIS   AND   SCROTUM 

BALANITIS,  or  inflammation  of  the  mucous  membrane  covering  the 
glans  and  lining  the  prepuce,  may  occur  independently;  or  it  may  be 
associated  with  the  presence  of  hard  chancre,  soft  sores,  gonorrhoea,  etc. 
Inflammatory  affections  of  these  parts  are  also  found  in  some  cases  of 
gout  and  diabetes. 

For  descriptions  of  such  conditions  as  phimosis  (narrowing  of  the 
anterior  orifice  of  the  prepuce),  paraphimosis,  etc.,  reference  should  be 
made  to  textbooks  of  Surgery. 

ULCERS,  or  CHANCRES,  are  of  frequent  occurrence,  especially  in  the 
venereal  diseases.  Hard  chancre  is  the  primary  lesion  of  syphilis,  and  is 
situated  usually  on  the  glans,  either  on  the  corona  or  in  the  neighbourhood 
of  the  fraenum,  and  Spirochceta  pallida  may  be  found  in  a  scraping  from 
the  base  and  edges  of  the  ulcer,  as  well  as  in  the  juice  of  the  enlarged 
inguinal  glands  obtained  by  puncture  with  a  syringe.  Soft  sores  or 
chancroids  have  a  similar  distribution.  They  have  usually  been  regarded 
as  due  to  local  infection  with  Ducrey's  bacillus,  which  may  also  be  found 
in  the  buboes  or  enlarged  lymphatic  glands  in  the  groin;  but  the 
specificity  of  this  organism  has  not  been  clearly  established.  Soft 
sores — unlike  the  hard  chancre — are  not  infrequently  multiple.  Con- 
dylomata or  papilloma-like  overgrowths  also  occur  in  syphilis.  They 
may  sometimes  be  of  considerable  size,  forming  masses  somewhat 
resembling  a  bit  of  cauliflower  in  appearance. 

TUMOURS. — The  most  important  tumour  of  the  penis  is  the  squamous 
epithelioma,  which  originates  usually  in  or  near  the  glans,  forming 
irregular,  f ungating,  warty  masses,  which  may  undergo  extensive  ulcera- 
tion. This  form  of  tumour  may  also  attack  the  scrotum,  and,  from  its 
comparative  frequency  among  chimney-sweeps,  is  sometimes  called 
"  Chimney-sweepers'  cancer,"  and  is,  at  all  events  partly,  due  to  tin* 
chronic  irritation  of  soot-particles  in  this  region.  (See  pp.  265-6,  and  cf. 
"  Mule-spinner's  cancer.") 

ELEPHANTIASIS  OF  THE  SCROTUM  and  LYMPH-SCROTUM  are 
referred  to  on  pp.  436-7. 

DISEASES   OF  THE    PROSTATE   GLAND 

The  prostate  gland  may  be  affected  by  various  degenerative,  inflam- 
matory, and  neoplastic  changes,  the  most  important  of  these  being  the 
enlargement  found  very  frequently  in  elderly  Bubjects.  This  enlargement, 
often  termed  "  hypertrophy  ?'  of  the  prostate,  is.  more  accurately  Bpeaking, 
a  hyperplasia  affecting  the  muscular  and  connective  tissue  of  the  organ, 
with  or  without  glandular  proliferation.  Where  the  gland-tissue  Bhewa 
proliferation,  there  is  usually  a  marked  tendency  to  the  formation  of 
numerous  cystic  spaces  which  may    become   filled   with  desquamated 
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epithelium,  debris,  and  the  so-called  "  amyloid  bodies."  The  causes  of 
this  hyperplasia  are  obscure,  and  the  overgrowth  may  sometimes  almost 
resemble  that  of  a  tumour.  The  enlargement  is,  in  some  cases,  a  uniform 
one,  but,  very  often,  it  is  localised  to  some  particular  area  of  the 
gland,  especially  the  central  part,  which  may  become  enlarged  and 
project  into  the  cavity  of  the  bladder  at  its  neck,  constituting  the  so-called 
"middle  lobe"  of  the  prostate.  The  prostatic  portion  of  the  urethra 
becomes  elongated,  and  perhaps  distorted  and  compressed,  giving  rise 
to  obstruction  to  the  outflow  of  urine  from  the  bladder.  This  obstruc- 
tion, from  superadded  congestion,  may  become  "  acute  "  or  complete. 
Prostatic  enlargement  may,  therefore,  lead  to  changes  in  the  bladder, 
resembling  those  produced  by  stricture  of  the  urethra  elsewhere,  viz. 
dilatation,  hypertrophy,  sacculation,  etc. 

Wade  l  classifies  the  causes  of  Prostatic  Dysuria  or  "  Prostatism  " 
as  follows  : — 

Three  outstanding  varieties  of  disease  lead  to  prostatism  : 

(a)  Prostatic  Hypertrophy  or  Chronic  Lobular  Prostatitis,  the  com- 

monest lesion,  present  in  82  per  cent,  of  his  134  cases.  He 
considers  the  condition  a  senile  hyperplasia,  an  aberrant 
growth  of  tissue  that  is  not  the  result  of  the  occurrence  of  an 
independent  new  growth,  but  is  liable  to  develop  into  the 
same.  It  develops  usually  in  the  middle  lobe,  and  is  almost 
uniformly  confined  to  the  middle  and  lateral  lobes.  It  is 
very  rarely  confined  to  the  anterior  lobe. 

(b)  Prostatic   Fibrosis   or   Chronic   Interstitial   Prostatitis,  present  in 

between  7  and  8  per  cent,  of  the  13-1  cases  examined.  The 
gland  is  reduced  in  size,  and  shews  sclerosis  of  the  inter- 
glandular  fibrous  tissue,  with  dense  adhesions  to  the  capsule. 

(c)  Prostatic  Carcinoma,  the  commonest  true  tumour  of  the  gland. 

and  found  in  about  10  per  cent,  of  his  134  cases.  The  three 
types  of  carcinoma  in  his  series  were  Scirrhus,  Medullary  Cancer 
and  Adeno-carcinoma.  In  Thomson  AYalker's  series  of  242  cases, 
16*5  pei  cent,  were  malignant. 

INFLAMMATION,  or  PROSTATITIS,  may  be  acute  or  chronic.  It 
is  very  frequently  clue  to  gonorrheal  infection,  especially  where  stricture 
supervenes,  but  may  also  OCCUI  as  a  complication  of  certain  of  the 
acute  infective  diseases.  In  gonorrhoea,  the  infection  reaches  the  gland 
usually  directlv  by  way  of  the  urethra,  cither  naturally,  oi  I  by 

injections  or  the  passage  of  instruments.    Stopkylo-i  and 

B.  coli  are  next  in  frequency  to  the  Gonococcus  as  the  infective  agent. 
Diphtheroid,  minute  Grain-negative,  and   oth<  unclassified, 

1  "Prostatism,"   by   Henry  Wade.  Annals  q)  Philadelphia,    lVnn., 

March  1914,  j>.  321. 
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bacilli,  are  also  common  as  organisms  of  secondary  infection.  The 
Gonococcus,  though  frequently  the  primary  cause,  is  often  masked  or 
replaced  by  the  other  organisms  named.  In  some  cases,  the  disease  is 
suppurative,  and  may  occasionally  lead  to  thrombosis  of  the  neighbour- 
ing veins,  and  sometimes  to  pyaemia — a  result  which  may  also  follow 
operative  interference  with  the  gland. 

TUBERCULOUS  DISEASE  of  the  prostate  is  not  infrequent,  especially 
as  part  of  the  condition  known  as  Genito-Urinary  Tuberculosis  (see  p.  914). 
The  urethra,  vesiculae  seminales,  etc.,  may  similarly  be  affected. 

TUMOURS  AND  CYSTS.— Apart  from  the  condition  described  above 
as  hyperplasia,  and  which  may  sometimes  closely  resemble  tumour- 
growth,  neoplasms  of  the  prostate  are  comparatively  rare.  Fibromata 
and  Myomata  may  occur.  Cancers  constitute  from  10  to  16*5  per  cent,  of 
carefully  investigated  series  of  prostatic  cases  operated  on  by  the  surgeon 
or  examined  post  mortem  (see  above).  Sarcomas  are  uncommon.  Small 
retention-cysts,  often  filled  with  colloid  material,  are  of  frequent  occur- 
rence, especially  in  chronic  lobular  prostatitis. 

PROSTATIC  CALCULI  AND  CONCRETIONS  in  the  ducts  of  the 
gland  are  of  common  occurrence  in  old  persons.  They  are  usually  small 
in  size,  and  are  due,  as  a  rule,  to  infiltration  of  inspissated  mucus  with 
lime-salts. 
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DISEASES   OF  THE   MAMMARY   GLAND 

CONGENITAL  MALFORMATIONS.— Congenital  absence  of  the  nipple 

is  extremely  rare.  Absence  of  one  or  of  both  breasts  may  occur,  but  is 
always  associated  with  other  developmental  defects.  Imperfect  develop- 
ment is  sometimes  seen  in  association  with  similar  defects  in  the  genital 
organs.  Infantile  hypertrophy  may  be  found  during  the  first  year  of  life — 
the  mammary  gland  shewing  an  abnormal  degree  of  proliferation  of  its 
glandular  elements.  Abnormal  development  is  sometimes  seen  in  the 
male  breasts,  especially  about  the  age  of  puberty,  and  an  imperfect' 
secretion  of  milk  occasionally  takes  place. 

Supernumerary  mammary  glands  are  not  uncommon,  and  are  situated 
a  little  below,  and  internal  to,  the  normal  glands,  in  the  region  of 
the  anterior  axillary  fold,  in  the  middle  line  over  the  sternum,  on  the 
abdomen  or  in  the  groin,  and,  much  more  rarely,  on  the  back,  shoulders, 
arms,  or  other  parts.  These  glands  may  be  normal  in  structure  and 
function ;  but,  more  commonly,  they  are  rounded  masses  of  mammary 
tissue  without  excretory  ducts  and  without  nipples. 

The  influence  upon  the  mammary  glands  of  the  internal  secretions 
of  certain  of  the  ductless  glands  is  discussed  in  the  chapter  dealing  with 
these  organs. 

ATROPHY  supervenes  as  a  physiological  process  after  the  menopause. 
Sometimes  the  atrophy  is  not  associated  with  diminution  in  the  size 
of  the  breast — an  overgrowth  of  adipose,  and  even  of  fibrous,  tissue 
replacing  the  atrophied  glandular  structure.  Pathological  atrophy  is 
said  to  occur  after  removal  of  the  ovaries  in  early  life ;  but  this  change 
certainly  does  not  take  place  in  all  cases  of  oophorectomy. 

HYPERTROPHY  of  all  the  constituent  parts  of  the  gland  may  develop 
at,  or  immediately  following,  the  establishment  of  puberty — the  changes 
produced  being  exactly  comparable  to  those  seen  in  the  phyaiolog 
enlargement  of  the  lactation-period.  Hypertrophy  is  also  present  in 
certain  cases  of  ovarian  and  uterine  disease.  Osier  and  others  describe 
cases  of  "  hypertrophy  " — or,  more  accurately,  increase  in  size — of  the 
gland  in  pulmonary  tuberculosis,  on    the  same  side  as  the  pulmonary 

>n,  and  state  that  "the  condition  is  one  of  chronic  interstitial 
mamniitis  and  is  not  tuberculoid 

DEGENERATIONS.— Fatty  and  myxomatous  degenerations  are  not 
common.    Th<'  latter  sometimes  supervenes  in  i  chronic  fibroid 

mast  it  is  or  in  fibromas. 

INFLAMMATION  :— 

(a)  INFLAMMATION  OF  THE  NIPPLE  AND  AREOLA  occurs  most 
commonly  at  an  early  period  of  lactation.     The  parts  become  conical, 
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red,  and  swollen.  Superficial  ulceration,  abrasions,  and  fissures,  with 
a  certain  amount  of  sero-purulent  exudate,  are  sometimes  present.  The 
condition  is  liable  to  cause  infection  of  the  breast  and  abscess-formation, 
which  is  often  localised  to  the  region  of  the  areola  but,  in  some  cases, 
extends  in  the  substance  of  the  breast  itself. 

(b)  A  "CHRONIC  INFLAMMATORY"  condition  of  the  nipple  and 
areola  was  described  by  Paget,  and  was  regarded  by  him  as  a  precursor 
of  carcinoma  (see  p.  937). 

(c)  ACUTE  MASTITIS  rarely  occurs,  except  during  the  period  of  lacta- 
tion; though  it  has  been  observed  in  infancy  and  childhood,  at  the  time 
of  puberty,  and  in  the  course  of  infectious  diseases,  especially  in  mumps. 
Such  acute  mastitis  occurring  during  the  period  of  lactation  is  usually  due  to 
infection  from  the  nipple,  the  invading  bacteria  being  commonly  Staphylo- 
cocci or  Streptococci.  The  breast  becomes  swollen  and  hyperaemic,  and 
the  skin  reddened.  The  inflammatory  reaction  may  be  widely  spread 
or  localised,  and  the  process  sometimes  subsides  without  suppuration. 
Abscess-formation,  however,  is  very  apt  to  occur — the  suppuration 
being  confined  to  localised  areas,  or  infiltrating  widely.  The  pus 
tends  to  burrow  in  various  directions,  and  may  make  its  way  into  the 
ducts  and  be  secreted  with  the  milk,  or  may  discharge  externally  through 
the  skin.  The  abscess  is  situated  in  the  sub-areolar  tissue  :  in  the  breast 
itself :  or  in  the  tissues  behind  the  breast — an  abscess  in  the  latter  position 
being  due,  however,  more  usually  to  necrosis  or  tuberculosis  of  a  rib  or 
of  the  sternum,  though,  in  some  cases,  it  is  produced  by  an  extension 
of  suppuration  from  the  deeper  parts  of  the  breast  itself. 

(d)  CHRONIC  MASTITIS  is  usually  divided  into  two  main  varieties- 
chronic  interstitial  mastitis  and  chronic  lobular  mastitis. 

(1)  Chronic  interstitial  mastitis  is  comparatively  rare  and,  as  a  rule, 
only  one  breast  is  affected.  The  breast  may  be  enlarged,  and  the  nipple 
small  and  retracted.  There  is  a  marked  increase  of  fibrous  tissue,  which 
is  usually  dense  and  non-cellular.  The  mammary  ducts  and  acini  are 
widely  separated,  and  shew  various  degrees  of  atrophy.  The  fatty  tissue 
of  the  breast  is  largely  replaced  by  the  newly-formed  fibrous  tissue.  It  is 
a  matter  of  considerable  difficulty  to  determine,  in  some  cases,  whether 
the  process  is  of  a  chronic  inflammatory,  or  of  a  neoplastic,  nature. 

(2)  Chronic  lobular  mastitis,  or  chronic  proliferative  or  productive 
mastitis,  is  a  commoner  condition  than  the  foregoing,  and  both 
breasts  are  frequently  affected.  The  changes  are  of  a  proliferative 
and  degenerative  character,  and  are  seen  especially  in  the  lobules 
of  the  gland — involving  both  the  acini  and  the  interacinous  con- 
nective tissue.  The  formation  of  cysts  is  extremely  common;  and. 
into  these  cysts,  papillomatous  epithelial  ingrowths  may  take  place. 
On  section,  the  adipose  tissue  is  scanty  in  amount  and  the  glandular 
tissue  more  abundant  than  in  the  normal  breast.  The  ducts  arc  often 
dilated,   and    they,   and    also   the   cysts,    may    contain    mucoid-looking 
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material,  usually  thin,  and  of  a  yellowish  01  brownish  colour,  in 
which  cholesterol-crystals,  in  varying  amount,  are  of  common  occur- 
rence.    Cholesterol  crystals    are    a!  ally    deposited   in    the 

fibrous  tissue  itself  in  very  old-standing  chronic  inflanm.  tses. 

On  microscopical  examination,  certain  of  the  lobules  may  shew  pro- 
liferative changes  in  the  epithelium  lining  the  ducts  and  acini,  together 
with  proliferation  of  the  interactions  connective  tissue.  This  new  con- 
nective tissue  is  cellular,  or  densely  iibrous.  In  other  lobules,  the 
epithelial  proliferation  is  the  principal  morbid  condition  ;  whilst,  in  other 
there  is  a  considerable  degree  of  atrophy  of  the  acini,  with  cystic  dilata- 
tion as  a  result  of  compression  and  obst  ruction  at  some  part  of  their  course 
by  the  newly-formed  fibrous  tissue.  According  to  Stiles,  however,  the 
majority  of  the  cysts  arise  as  a  result  of  degenerative  changes  in  the  acini. 

Circumscribed  chronic  mastitis  is  frequently  met  with,  particularly 
in  the  axillary  tail  of  the  breast,  and  is  due  to  prolonged  lactation,  or  to 
injury  of  the  breast.  It  exhibits  the  microscopical  character  of  an 
interstitial,  or  of  a  parenchymatous  (lobular)  mastitis. 

The  various  forms  of  chronic  mastitis,  especially  those  which  remain 
localised,  may — on  account  of  the  induration,  the  retraction  of  the 
nipple,  and  the  period  of  life  at  which  they  usually  occur — clinically 
closely  simulate  scirrhus  cancer;  and,  in  the  cases  in  which  the  pro- 
liferative changes  in  the  epithelium  are  a  marked  feat  lire,  the  microscopical 
characters  may  come  to  resemble  more  or  less  closely,  and  indeed  !>.■ 
indistinguishable  from,  those  of  a  fibro-adenoma  or  of  a  scirrhus  cancer. 
In  the  same  breast,  it  is  comparatively  common  to  find  varying 
admixtures  of  these  lesions;  and,  in  the  opinion  of  the  authors,  scirrhus 
and  other  forms  of  cancer  frequently  supervene  upon  these  so-called 
chronic  inflammatory  conditions,  especially  upon  chronic  proliferative 
or  productive  mastitis. 

TUBERCULOSIS  of  the  brea  aparatively  rare,  and  is  probably, 

in  practically  all  cases,  a  secondary  infection  from  a  tuberculous  focus 
elsewhere.    The  lesions  are  similar  to  those  <>f  tuberculosis  in  other  org 

and  tissues     giant-Celled  follicles,  with  caseation,  etc.     AI-m-. ---formation 

aid  BOmetin*  ill   of  the  tuberculous  infection. 

axillary  glands  are  affected  in  many  of  the  cases.  A  " chronic  inter- 
stitial, non-tuberculous  mammitis"  has  been  described  ac  ated 
with    pulmonary   tubercnlosi 

SYPHILIS.     The  nipple  and  the  areola    are  nally   tl 

primary  syphilitic  lesions.  These  are  sometimes  multiple,  and  take  the 
form  of  indurat'  an  indui 

h  without  ulceration.    Secondary  and  tertiarv  lesions  in  the  fori 
iticial  ulcers,  condylomata,  and  ulcerated  gumma!  f  comm 

ACTINOMYCOSIS  of  the   bi  a   pan  dition,  has  been 
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described  by  some  authors.     Abscess-formation  in  the  breast,  secondary 
to  intrathoracic  actinomycosis,  is  also  occasionally  found. 

TUMOURS  AND  CYSTS.1— These  may,  for  descriptive  purposes, 
be  classified  into  those  of  the  nipple  and  areola,  and  those  of  the  body 
of  the  organ  or  corpus  mamma?. 

A.— OF  THE  NIPPLE  AND  AREOLA  :— 

Tumours  such  as  myxomas,  melanotic  sarcomas,  angiomas,  and 
papillomas,  occur,  but  are  very  rare.  Epitheliomata — especially  the  form 
known  as  Paget's  disease  of  the  nipple — are  of  greater  importance. 

Paget's  Disease  of  the  Nipple. — This  somewhat  rare  condition,  which 
is  said  to  occur  in  about  one  per  cent,  of  the  cases  of  cancer  of  the  breast, 
was  described  first  by  Sir  James  Paget,  in  1874,  as  a  disease  of  the  nipple 
and  mammary  areola  in  some  ways  resembling  chronic  eczema,  and 
almost  invariably  followed  by  cancer  of  the  mammary  gland  itself.  Most 
recent  writers  on  the  subject,  with  whom  we  agree,  now  regard  the 
condition  as  carcinomatous  from  the  outset,  the  condition  apparently 
commencing  as  a  slow-growing  scirrhus  cancer  in  the  subjacent  breast - 
tissue,  and  interfering  with  the  normal  lymph-drainage  of  the  nipple 
by  permeation  or  secondary  fibrosis  of  the  sub-areolar  lymphatic 
plexus.  On  naked-eye  examination,  the  earliest  stage  of  the  disease 
resembles  a  condition  of  chronic  eczema  of  the  nipple,  with  the 
formation  upon  it  of  small,  dry,  greyish,  scale-like  crusts,  around 
and  subjacent  to  which  the  tissues  appear  red  and  inflamed.  The 
process  gradually  spreads  circumferentially,  first  to  the  areola,  and 
then  to  the  adjacent  skin  of  the  breast.  The  surface  becomes  fissured 
and  eroded,  and  bright  red  in  colour.  It  may  remain  dry,  scaly, 
and  parchment-like ;  or,  in  other  cases,  there  may  be  a  viscid, 
clear -yellowish,  or  slightly -turbid,  discharge.  In  the  majority  of  his 
cases — to  quote  Paget's  own  words  2 — the  patch  "had  the  appearance 
of  a  florid,  intensely  red,  raw  surface,  very  finely  granular,  as  if  nearly 
the  whole  thickness  of  the  epidermis  were  removed ;  like  the  surface  of 
a  very  acute  diffuse  eczema,  or  like  that  of  an  acute  balanitis.  From 
such  a  surface,  on  the  whole  or  greater  part  of  the  nipple  and  areola, 
there  was  always  copious,  clear,  yellowish  viscid  exudation.  The  Bensa- 
tions  were  commonly  tingling,  itching,  and  burning,  but  the  malady  was 
never  attended  by  disturbance  of  the  general  health.  1  have  not  seen  this 
form  of  eruption  extend  beyond  the  areola,  and  only  once  have  seen  it  pass 
into  a  deeper  ulceration  of  the  skin,  after  the  manner  of  a  rodent  ulcer. 

"  In  some  of  the  cases,  the  eruption  has  presented  the  characters 
an  ordinary  chronic  eczema,  with  minute  vesications,  succeeded  by 

1  The  classification  and  descriptions  adopted  in  this  section  are  based  lai 
upon  the  work  and  writings  of  II..).  Stiles  [set  articles  in  Thi  Encyclopedia  M< 
vol.  vii..  Green  A  Sons,  Edinburgh,  L901,  p.  338,  etc.). 

2  Sir  James  Paget.  "  On  Disease  of  the  Mamn,  i 

the  Mammary  Gland,"  8t  BarCs  Hasp.  Reports,  1874,  Vol.  X.,  p.  B7. 
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moist,  yellowish  scabs  or  scales,  and  constant  viscid  exudation.  In 
some  it  has  been  like  psoriasis,  dry,  with  a  few  white  scales,  slowly 
desquamating;  and  in  both  these  forms,  especially  in  the  psoriasis,  I  have 
seen  the  eruption  spreading  far  beyond  the  areola  in  widening  circles, 
or,  with  scattered  blotches  of  redness,  covering  nearly  the  whole  breast." 
The  nipple  becomes  indurated  and  retracted;  and,  later,  as  the 
process  advances,  it  is  destroyed.  In  the  subjacent  breast -tissue,  there 
can  generally  be  felt  a  hard  mass  of  new  growth,  most  commonly  a  slow- 
growing  cancer  of  scirrhus  type.     This  is  usually  palpable  in  from  one  to 


Fio.  420. — Paget'*  Disease  of  the  Nipple*    See  text     x  60. 

two  yean  after  the  appearance  of  the  disease  in  the  nipple;  though, 
in  some  cases,  it  may  not  be  so  until  later.  For  this  reason,  it  was  originally 
held  that  the  condition  of  the  nipple  was  of  the  nature  of  a  chronic  eczema. 
and  merely  predisposed  and  led  up  to  the  cancerous  condition  of  the 
breast.     It  is  probable,  however,  as  ah'  bated,  that  the  condition 

is  malignant  from  the  first,  and  is  a  Blow-growing  carcinoma,  commencing 
in  the  lactiferotis  ducts  near  their  outlet,  and  gradually  spreading  to 
involve  the  surface,  and  also  the  deeper  struct  in- 

On  microscopical  examination,  a  vertical  section  through  the  affected 
areola  shews  areas  of  epithelial  proliferation  ;  ami.  especially  in  the  deeper 
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layers  of  the  epidermis,  the  presence  of  large,  pale,  rounded,  or  oval  cells, 
with  faintly  staining  protoplasm,  and  large,  deeply-stained  nucleus,  usually 
single,  but  sometimes  multiple — the  so-called  Paget-cells  (see  fig.  420).  In 
the  nipple,  there  is  a  similar  condition,  and  also  malignant  proliferation 
of  the  cells  lining  one  or  more  of  the  ducts,  a  condition  which  can  be 
traced  inwards  and  found  to  be  continuous  with  the  subjacent  mammary 
tumour,  which  is  usually  of  the  ordinary  scirrhus  type.  Enlargement 
and  malignant  infiltration  of  the  glands  in  the  axilla  complete  the  picture 
of  a  scirrhus  tumour. 

B. — OF  THE  BREAST  (Corpus  Mammae)  : — 

CYSTS. — Galactoceles,  or  "  milk-cysts,"  may  occur  during  pregnancy, 
but  are  of  commonest  occurrence  during  lactation.    They  are  simply 


■\     ,v>v  *%■ 


Fig.  421. — Intracanalicular  Fibro-adcnonm  of  Breast 


retention-cysts,  and  are  due  to  the  usual  causes,  as  in  other  glands 
e.g.  narrowing  or  obliteration  of  ducts  or  gland-acini  by  inflammatory 
changes,  blocking  by  retained  and  inspissated  secretion,  etc.  Multiple 
small  cysts  of  similar  origin  are  found  in  cases  of  chronic  lobular  mastitis 
(q.  v.,  p.  936).  Involution-cysts,  due  to  distension  of  remnants  of  the 
glandular  tissue  during  the  retrogressive  changes  in  the  organ  at,  or 
subsequent  to,  the  menopause,  are  not  infrequent.  Parasitic  cysts  Buch  as 
hydatids  are  extremely  uncommon,  but  definite  cases  have  been  described. 
SIMPLE  TUMOURS.— Pure  fibromata  occur,  but  are  extremely 
rare.  They  exhibit  the  usual  structure  of  similar  tumours  elsewhere. 
Lipomata,  myxomata,  pure  chondromata,  mixed  cartilaginous  tumours 
(osteo-chondroma,     chondro-niyxoina,     chondn  ma,      etc.),      and 
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Fig.  422. — Myxoma  of  Breast.     Shewing  the  characteristic 
branching  cells.      X  250. 


Fio.  42.'). — SimpU   Fibroadenoma   (or   I  il>r<»  (\>ta<lenoma) 
of  Breast. 
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angiomata,  are  likewise  very  uncommon,  as  are  also  pure  adenomata  of 
mammary  gland-tissue .  Fibro-adenomata,  on  the  other  hand ,  are  common . 
Great  variations  are  found  in  the  relative  amounts  of  the  fibrous  and 
glandular  elements  in  such  tumours,  and  also  in  their  characters.  Soft  and 
hard  varieties  occur,  the  connective  tissue  in  the  former  being  abundant, 
highly  cellular,  and  perhaps  also  myxomatous;  whilst,  in  the  harder 
varieties,  it  is  scanty  and  more  fibrous.  Hard  fibro-adenomata  are,  as 
a  rule,  small  and  slow-growing ;  whilst  the  softer  varieties  may  be  larger 
and — though  usually  also  of  comparatively  slow  growth — may  sometimes 
grow  more  rapidly,  especially  on  the  occurrence  of  pregnancy.     These 


Fig.  424. — Complex  Adenoma  (Pa pillar//  Cystadenoma)  of  Breast.     The  acini 
are  dilated  and  shew  numerous  papilliform  ingrowths  or  infoldings.      X  50. 

tumours  are  definitely  encapsuled,  and  do  not  infiltrate  the  surrounding 
tissues.  On  naked-eye  section,  the  surface  is  dull  white,  or  perhaps 
slightly  pinkish  in  tint ;  and  the  cut  surface  usually  bulges — a  point  of 
some  importance  in  contradistinction  to  the  retracted  concave  appearance 
of  the  cut  surface  often  seen  in  sections  of  scirrhus  cancers  of  the  breast . 
It  is  often  extremely  difficult,  and  sometimes  well-nigh  impossible,  bo 
differentiate  certain  examples  of  fibro-adenomata  from  chronic  mastitis 
with  overgrowth  of  connective-tissue  and  irritative  proliferation  of  the 
enclosed  epithelial  spaces  and  ducts;  and  it  is  very  probable  that  many 
cases  diagnosed  as  fibro-adenonia  are  in  reality  due  to  BUch  chronic 
inflammatory  proliferative  changes.  Cystic  spaces  may  be  developed 
in  fibro-adenomata.  the  resulting  tumour  being  known  as  a  cystic  adenoma 
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or  cyst-adenoma  of  the  breast.  If  the  epithelium  lining  these  cystic 
spaces  grows  more  rapidly  than  the  supporting  connective-tissue  wall, 
ingrowths  may  occur  which,  in  section,  resemble  papillomata.  These  are 
often  highly  complex  or  branching  in  structure,  giving  rise  to  a  foliaceous 
appearance  of  the  tumour  on  naked-eye  section.  Such  tumours,  in  souk* 
cases,  attain  a  very  large  size,  and  are  known  as  proliferous  cysts.  Extensive 
hemorrhage  may  occur  into  their  interior;  their  stroma  is  often  myxo- 
matous ;  and  they  may  undergo  extensive  necrotic  and  ulcerative  changes. 
Duct-Papillomata  are  adeno-papillomatous  ingrowths — often  highly 
complex  in  their  structure — which  develop  and  come  to  project  from  the 
walls  of  one  of  the  milk-sinuses  or  larger  ducts  near  the  nipple.  The 
affected  channel  becomes  correspondingly  dilated,  the  contained  mass  of 
tumour  being  usually  extremely  vascular,  and  dark  red  in  colour,  and 
frequently  giving  rise  to  haemorrhage,  blood-stained  fluid  exuding  from 
the  nipple  on  squeezing. 

MALIGNANT  TUMOURS. — Sarcomata  are  much  rarer  than  carcino- 
mata,  constituting,  according  to  Stiles,1  less  than  five  per  cent.,  and, 
according  to  Kodman,2  less  than  three  per  cent.,  of  breast -tumours. 
They  are  of  the  spindle-  or  round-celled — less  commonly  of  the  mixed- 
celled — type.  Melanotic  tumours  of  the  breast  are  secondary  to  tumours 
arising  in  the  nipple,  areola,  or  elsewhere.  These  types  of  sarcoma 
do  not  call  for  further  description,  as,  with  regard  to  their  appear- 
ance, methods  of  spread,  etc.,  they  resemble  similar  tumours  in  other 
situations. 

Myxomatous  degeneration  may  supervene  in  these  tumours,  as  well 
as  necrosis,  haemorrhage,  etc. 

Carcinoma  is  the  commonest  and  most  important  neoplasm  of  the 
mammary  gland.  Its  relative  frequency  is  variously  estimated  by  recent 
writers  as  about  fifty  to  eighty  per  cent,  of  all  breast -tumours.  With 
regard  to  its  sex-incidence,  one  per  cent,  or,  at  most,  two  per  cent,  of  the 
cases  of  mammary  cancer  are  in  males.  Women  between  forty  and 
sixty — more  particularly  those  between  fifty-five  and  sixty — are  most 
liable  to  the  disease.  We  have  alreadv  Btated  that,  in  our  opinion,  there 
is  a  definite  causal  relationship  between  so-called  chronic  proliferative  or 
productive  mastitis  and  the  various  types  of  cancer.  In  the  great 
majority  of  cases,  the  cancer  originates  from  the  acinous  epithelium, 
the  main  pathological  varieties  of  such  tumours  being  the  scirrhus, 
encephaloid,  and  colloid  types;  whilst,  in  a  certain  proportion  of  a 
a  glandular  type  of  structure  and  arrangement  in  acinous  Bpao 
maintained,  the  condition  being  then  known  as  adeno-carcinoma.  All 
intermediate    forms     between     these     main     "types"    may    be    found; 

1  Stiles,  he.  cit. 

2  Rodman,  /  tost,  Appleton,  London,  1908,  p.  162  (2*78  per  cent. 

of  sarcoma  0*866  in  a  -<ii<>  <.f  5,000  08468  "t  tumour  of  the  lueast). 
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and  it  is  not  uncommon  to  find  different  portions  of  an  individual 
tumour  exhibiting  two  or  more — and  even  all — of  these  varieties  of 
structure.  Tumours  which  are  typically  scirrhus  in  their  central  or  older 
portions,  may  be  softer  and  more  actively  growing  at  their  periphery, 
i. e.  more  encephaloid  (or  medullary)  in  type.  Imperfect  acinous  spaces  are 
of  very  common  occurrence  in  certain  parts  of  scirrhus  and  encephaloid 
growths;  whilst  colloid  degeneration,  though  comparatively  rare,  may 
supervene  in  any  variety  of  carcinoma.  Histological  descriptions  of 
these  tumours  will  be  found  in  the  Chapter  on  Tumours  (p.  328  et  seq.) ; 
and  reference  need  be  made  here  only  to  certain  facts  more  particularly 
applicable  to  such  tumours  when  occurring  in  the  breast. 


Fig.  425. — Scirrhus  Cancer  of  Breast.    Shewing  solid  masses  of  cells  among  dense  fibrous 
tissue.     (The  clear  spaces  are  artefacts  due  to  contraction  during  fixation.)     x  200. 

The  most  important  malignant  tumour  of  the  breast  is  the  scirrhus 
or  hard  variety  of  cancer  (spheroidal-celled  cancer).  The  ordinary 
nodular  scirrhus  tumour  is  a  comparatively  slow-growing  neoplasm 
which  may  appear  in  any  part  of  the  organ.  It  is  extremely  dense, 
and,  when  palpated  against  the  ribs,  exhibits  a  "  wooden,"  or  almost 
"stony,"  hardness.  The  knife  passes  through  it  with  a  grating  or 
creaking  sensation,  and  the  central,  i.e.  the  oldest  and  densest,  part 
of  the  cut  surface,  appears  slightly  concave,  owing  to  the  drag- 
ging of  the  contracted  cicatrix-like  fibrous  tissue,  which  has  a  dull 
whitish  appearance,  sometimes  mottled  with  yellowish  areas  of  fatty 
degeneration.  The  spreading  margin  has  a  slightly  more  translucent, 
pearly  white  or,  sometimes,  greyish-pink  appearance,  and  may  show- 
little  red  points  of  haemorrhage.    Such  growths  may  be  k>  circumscribed  " 
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or  "  nodular,"  or  they  may  be  "  diffuse  "  ;  though,  in  either  case,  they 
do  not  shew  any  encapsulation,  but  spread  by  irregular  processes  into  the 

surrounding  tissue.  The  nipple,  if  the  tumour 
be  situated  at  or  near  it,  tends  to  be  drawn  up 
to  a  higher  level  than  its  fellow  of  the  opposite 
side,  and  to  be  retracted  or  drawn  backwards 
into  the  breast  (see  fig.  426).  As  the  tumoui 
spreads,  it  infiltrates  the  neighbouring  struc- 
tures— the  adjacent  breast- tissue,  the  para- 
mammary and  retro-mammary  fatty  areolar 
tissue,  and  the  subjacent  pectoral  fascia — pushing 
its  way  gradually  into  these  along  the  lymphatic 
spaces  and  channels.  The  superficial  layers  of  the 
pectoralis  major  and  other  subjacent  structures 
are,  in  time,  likewise  invaded ;  and  the  infiltration 
may  continue  through  the  pectoralis  major  and 
come  to  involve  the  intercostals,  ribs,  pleura, 
anterior  mediastinum,  and  lung.  There  may 
also  be  direct  lymphatic  spread  to  the  liver.  The 
overlying  skin  becomes  invaded  in  the  later  or,  in 
some  instances,  in  comparatively  early,  stages  of 
the  condition.  The  spread  takes  place  by  way 
of  the  ligaments  of  Cooper,  which  pass  from  the 
skin  into  the  breast.  These  become  infiltrated 
and  shortened,  producing  at  first  adhesion,  then 
dimpling  and  puckering  of  the  integument.  The 
invaded  area  of  skin  may  ultimately  be  destroyed 
by  ulceration.  At  the  same  time,  the  cancer- 
cells  spread,  both  continuously  (by  permeation) 
and    also    discontinuously    (i.  e.    by    a    process 

Fig.  *26.-Scirrhus  Tumour  of    malignant   embolism),   along    the   lymphatic 
of  Breast.  ShewingdenBe   channels    which  drain  the    breast    area.1     The 

^Sub&SSSSZ  "iai°rit>-  of  thesc  lymphatic-  ™n  outwards  and 

which  is  retracted,    fee  upwards,  accompanying  the  external  mamma  rv 

TSkSStSSapSlfi  branches  of  the  long  thoracic  artery,  and  opening 

method).     The  tumour  into   the    pectoral   group    of    lvmphatic    glands 

appears  dark,  whilst  the    i    •  i         '     ,       ,    .  '         ,    , ,  ,      • 

surrounding  fatty  tis-  lying  along  ^e  latter  artery  toward  the  anterior 
part  of  the  inner  wall  of  the  axilla.  Some  of 
the  efferent  lymphatics  from  the  breast  also 
pierce  the  sternal  portion  of  the  pectoralis 
major  muscle,  along  with  branches  of  the 
internal  mammary,  and  of   the  pectoral  and  long  thoracic   branches  of 

1  For  detailed  descriptions  of  the  lymphatics  of  th<  ee  papei  -  by  Stiles 

{lot.  tit.,  and  In  Brit  Med.  Jour.,  June  17.  1899,  p.  1462  and  October 3,  1908,  p.  971, 
and  elsewhere);  Distaste  of  tin  Breast,  by  Rodman,  Appleton,  London,  1908,  p.  1": 
"Lines  of  Advance  in  the  Surgery  of  Breast  Cancer,*1  l>v  \V.  Samp  Uey, 

Brit.  Med.  Jour.,  Jan.  s.  1921,  ]>.  37. 


sue    is     pale     in    colour. 

(Edinburgh     l'ui\  ersity 
Anatomical        Museum. 

Catalogue   No.,    Gen.-U. 
R.  f.  iv.  10.) 
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Fig.  427. — Infiltration  of  Pleura  by  Scirrhus  Tumour  of  Breast  which  had  assumed  a 
softer  type.  The  majority  of  the  tumour-cells  contain  cell-inclusions  around  which 
clear  digestive  vacuoles  are  developed.      X  150. 


Fig.  428. — Tumour-CeUs  in  Lymphatic  Gland,  secondary  to  Mammary  Scirrhus 
Cancer.    These  cells  are  larger  than  in  the  primary  growth  in  the  breast,     x  200. 
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the  axillary  artery,  and  open  into  certain  small  lymphatic  glands  lying 
in  the  fascia  on  the  deep  aspect  of  the  pectoralis  major;  whilst  a  few 
also  open  into  the  chain  of  sternal  glands  lying,  within  the  chest -wall, 
along  the  course  of  the  internal  mammary.  The  infraclavicular, 
and  certain  other  small,  glands  along  the  course  of  the  superior  thoracic 
artery  may  also  be  infected.  Sampson  Handley,1  from  the  investigation 
of  post-mortem  material  collated  with  clinical  experience,  emphasises  the 
wide  centrifugal  spread  of  breast-cancer  in  the  fascial  lymphatic  plexus, 
and  notes  its  microscopic  growing  edge  at  points  far  removed  from 
the  breast :  for  example,  in  the  deltoid  region,  or  upper  abdominal  wall. 
The    disease    spreads    from    the    affected    axillary    glands    to    those 


Fig.  429. — Sctrrhus  Cancer  of  Breast,  shewing  the  elongated  clusters 
of  tumour-cells  among  dense  fibrous  tissue.      X  75. 

higher  up  in  the  axilla,  and  to  the  subclavian  and  supraclavicular 
glands,  etc.;  and  complications  due  to  pressure  upon,  and  involve- 
ment of,  the  axillary  vessels  and  nerves  may  supervene.  Lymphatic 
infection  of  the  inner  ends  of  the  first,  second  and  third  intercostal 
spaces,  etc.,  and  of  the  anterior  mediastinal  glands,  sometimes  follow. 
Metastasis  may  also — usually  late  in  the  disease — take  place  by  the 
blood-vessels,  and  secondary  growths  occur  in  internal  organs  and  • 
where.  Metastases  in  the  bones,  especially,  it  is  said,  of  the  cranium, 
vertebral  bodies,2  innonhnates,  femur,  humerus,  ribs,  etc.,  are  compara- 

1  he.  cit. 

2  In   a   high    percentage   of    their   post-mortems   upon   cases   of   carcinoma   of 
the  breast,  the  authors  have  found  sueh  mctastati<  ially  in  the  bodies 
of  the  dorsal  and  lumbar  vertebra.     This  is  possibly  accounted  for  by  inf« 
through  lymphatics  accompanying  the  intercostal  vessels  backward!  towaidfl  the 
spine. 
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tively  common.    Infection  of  the  other  breast  may  take  place  along  the 
intercommunicating  lymphatics . 

Certain  forms  of  scirrhus  tumour  of  the  breast  are  extremely  slow- 
growing  and  chronic.  These  atrophic  scirrhus  tumours  are  usually  small, 
extremely  hard,  and  fibrous ;  and  their  appearance  on  section  has,  from 
the  presence  of  the  dense  white  fibrous  tissue  intermixed  with  small 
yellowish  points  of  fatty  degeneration,  been  likened  to  that  of  an  unripe 
pear,  processes  and  strands  of  the  growth  radiating  out  into  the  adjoining 
tissues.  On  microscopical  examination,  the  tumour-cells  are  scanty  and 
degenerated,  and  are  seen  usually  as  small,  compressed,  elongated  clusters, 
embedded  in  the  dense  fibrous  tissue. 

In  some  cases,  these  atrophic  scirrhus  tumours  are  diffuse,  the  whole 
breast  being  infiltrated  and  shrunken,  and  the  nipple  retracted  and 
drawn  upwards.  Occasionally,  the  skin,  not  only  of  the  breast  itself, 
but  of  the  surrounding  thorax,  etc.,  may  be  diffusely  infiltrated — the 
so-called  cancer  "  en  cuirasse." 

Encephaloid,  Medullary,  or  Soft  Cancer. — These  are  rapidly- growing 
tumours,  to  which  the  above  names  have  been  applied  on  account  of 
their  soft  consistence.  Other  malignant  tumours  of  the  breast  (e.g. 
sarcomas  and  adeno-carcinomas),  however,  resemble  them  so  closely  in 
naked-eye  appearance  that  some  writers  object  to  these  terms,  and  prefer 
to  call  them  "  Acute  Cancers."  They  are  extremely  cellular,  the  cells 
being  usually  very  irregular  in  size,  and  arranged  in  large  solid  clumps  or 
masses  embedded  in  a  scanty  connective -tissue  stroma.  They  form  large, 
soft,  bulging,  more  or  less  circumscribed,  masses,  the  so-called  "  tuberous  " 
form ;  or  they  may  be  large,  diffuse,  tumours,  rapidly  infiltrating  the  breast 
and  surrounding  tissues — "  acute  diffuse  cancer."  In  both  these  varieties, 
the  axillary  glands  are  involved  early,  and  metastases  in  other  organs 
rapidly  supervene. 

Colloid  or  Mucoid  Cancer  is  a  slow-growing  and  comparatively  non- 
malignant  tumour,  constituting  from  one  to  two  per  cent,  of  breast  - 
cancers.    Its  characters  are  described  in  the  Chapter  on  Tumours  (p.  334). 

Malignant  Adenoma,  including  the  so-called  Duct-Cancers  and  the 
Adeno-carcinoma  of  Halsted. — Duct-Cancers  proper  are  slow-growing 
and  comparatively  circumscribed  tumours,  consisting  of  tubular  spat 
lined  by  a  single  layer  of  columnar  epithelium,  or  by  several  epithelial 
layers,  the  outermost  of  which  is  columnar.  In  some  instances,  these 
spaces  become  dilated  to  form  cysts,  perhaps  with  papillary  ingrowths; 
though,  sometimes,  the  lumen  may  be  almost  obliterated  by  the  cellular 
proliferation.  From  the  character  of  their  epithelium,  t  hey  are  BUpposed 
to  arise  from  the  ducts. 

Other  tumours,  which,  from  their  association  with  the  ducts  of  the 
organ,  are  sometimes  included  as  "duct-cancers,"  have  already  been 
described,  e.g.  the  carcinoma  developing  in  Paget's  disease  of  the  nipple, 
which  is  usually  an  ordinary  scirrhus  cancer  :  and  the  adeno-papilluinatous 
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ingrowths  projecting  into  the  lactiferous  ducts  and  cystic  dilatations 
formed  from  these.  These  adeno-papillomata  are  probably  simple 
tumours,  and  therefore  need  not  be  further  discussed  here. 

Adeno-carcinoma  of  Halsted.1 — Halsted  records  the  occurrence  of 
five  (possibly  six)  cases  of  this  condition  in  a  series  of  less  than  150  cases 
of  breast-cancer;  and  many  other  authorities  (Stiles,  Rodman,  etc.) 
follow  him  in  recognising  the  condition  as  a  special  type  of  tumour. 
On  naked-eye  examination,  the  tumours  were  large,  soft,  tuberous  masses, 
with  a  tendency  towards  fungation  or  pedunculation  (*.  e.  some  con- 
striction at  the  base  of  the  tumour),  necrosis,  and  ulceration.  On  section, 
they  resembled  encephaloid  cancers ;  but  an  important  point  of  difference 
between  these  two  conditions  was  the  non-involvement  of  the  axillary 
glands  in  all  of  Halsted's  cases — recovery  following  extirpation  of  the 
tumours,  though  these  were  of  large  dimensions — the  axillary  glands 
merely  exhibiting  endothelial  hyperplasia. 

On  microscopical  examination,  these  tumours  are  composed  of  very 
large  tubules  lined  by  epithelium  many  cells  deep ;  and,  in  such  a  section, 
the  cells  have  a  tendency  to  form  combinations  such  as — 

"  gland-like  figures,  circles,  tubes,  columns,  and  minute  papillae.  The  cells 
are  often  so  snugly  fitted  together  in  these  heavily-lined  tubes  ...  as  to 
conceal  the  original  figures;  but  almost  always,  even  when  the  tubes  are 
completely  filled  with  tightly-packed  cells,  one  can  detect  little  circles  of  cells 
or  little  tubes  which  betray  the  tendency  and  the  ability  which  the  cells  still 
have  to  form  definite  combinations."  2 

Occasionally,  this  form  is  found  intermingled  with  areas  of  a  more 
encephaloid  or  of  a  more  scirrhus  type. 

For  an  account  of  the  important  internal  secretions  of  the  female  generat- 
ive organs,  including  the  breast  and  the  placenta,  reference  should  be  made 
to  Schafer's  work  on  The  Endocrine  Organs,  Longmans,  Green  &  Co., 
London,  1916. 

1  Halsted,  "  A  Clinical  and  Histological  Study  of  certain  Adeno-Carcinomata  of 
the  Breast,"  Annals  of  Surgery,  Vol.  XX\  III.,  July-December,  1898,  p.  557. 

2  Halsted,  loc.  ci7.,  p.  562. 


CHAPTER  XXIV 

DISEASES  OF  THE  NERVOUS  SYSTEM 

It  would  be  obviously  impossible,  within  the  limits  of  this  textbook, 
to  deal  at  all  adequately  with  the  pathology  of  the  whole  of  the  diseases 
of  the  nervous  system.  We  therefore  propose  discussing  only  those 
diseases  which  are  of  comparatively  common  occurrence,  and  the 
pathology  of  which  is  more  or  less  definitely  established. 

DISEASES  OF  THE   BRAIN  AND   ITS   MEMBRANES 

The  dura-mater  forms  the  periosteum  for  the  inner  surface  of  the  cranial 
bones  and  a  definite  connective-tissue  membrane,  in  which  the  brain  and 
spinal  cord  are  enclosed.  In  this  membrane,  which  is  lined  on  its  inner  side 
with  a  single  layer  of  endothelium,  there  is  a  vascular  capillary  network. 

The  pia-arachnoid  covers  the  surface  of  the  brain  and  cord,  its  deep  layer 
following  the  various  irregularities  of,  and  being  closely  connected  with,  these 
surfaces.  Between  the  dura  and  the  pia-arachnoid,  the  subdural  space  forms 
a  barrier,  as  it  were,  to  the  spread  of  inflammations  from  without  or  from 
within. 

In  the  sulci  between  the  convolutions,  there  is  a  loose  connective  tissue 
with  many  irregular  channels  in  it — these  channels  constituting  the  sub- 
arachnoid space.  Through  the  great  transverse  fissure,  the  pia-mater,  with  its 
contained  vessels,  is  prolonged  into  the  lateral  ventricles,  as  the  velum 
interpositum  and  the  two  choroid  plexuses.  Thus,  there  is  a  direct  com- 
munication between  the  external  covering  of  the  brain  and  the  internal 
ependymal  lining  of  the  ventricles. 

There  is  also  a  communication  between  the  ventricles  of  the  brain  and  the 
sub-arachnoid  space  through  the  foramen  of  Magendie,  and  the  foramina  of 
Luschke,  which  are  situated  in  the  pial  roof  of  the  fourth  ventricle.  Thus,  the 
sub-arachnoid  space,  the  ventricles  of  the  brain,  and  the  canal  of  the  spinal 
cord,  form  a  directly  continuous  system  of  lymph-spaces  in  which  the  cerebro- 
spinal fluid  circulates ;  but  there  is  no  similar  direct  communication  between 
this  system  and  the  subdural  space. 

I.  DISEASES   OF  THE   MEMBRANES 

CONGENITAL  ABNORMALITIES,  e.g.  Meningoceles,  etc.  (see  p. 965). 

DEGENERATIVE  CHANGES,  of  the  nature  of  fibrous-tissue  over- 
growth, associated  frequently  with  thickening  of  the  skull,  and  forming 
adhesions  between  the  dura  and  the  bone  or  between  the  pia  and  the  dura. 
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and  followed  sometimes  by  calcification  producing  definite  plaques,  are 
seen  in  the  dura-  and  in  the  pia-mater  in  old  people,  in  the  insane,  and 
in  alcoholics. 

Sometimes,  the  thickening,  particularly  of  the  pia-arachnoid,  is 
widely  spread;  or  localised  fibrous  areas,  especially  at  the  points  of 
intersection  of  the  sulci,  are  produced,  and  may  be  mistaken  for 
tubercle-granulations.  If  examined  closely,  however,  their  edges  are 
seen  to  be  rather  indefinite,  merging  more  or  less  gradually  into  the 
surrounding  tissue.  When  distributed  in  a  more  patchy  manner,  they 
resemble  the  cloudy  appearance  of  early  purulent  meningitis,  but, 
usually,  can  be  distinguished  from  the  latter  by  their  more  pearly  white 
lustre.  In  chronic  forms  of  insanity,  especially  paralytic  dementia, 
there  is  generally  thickening  of,  and  adhesions  between,  the  membranes 
themselves,  and  also  between  the  membranes  and  the  cortex.  The 
ependyma  of  the  ventricles  is  thickened,  and  there  may  be  papillary 
overgrowths  into  the  cavities.  The  choroid  plexuses  may  also  shew 
chronic  thickening,  and  an  accumulation  of  "  brain-sand." 

The  Pacchionian  bodies,  which  are  villous  projections  of  the  arachnoid, 
and  the  functions  of  which  are  not  definitely  known — though  some  authors 
consider  that  they  are  concerned  in  the  lymph-return  from  the  brain — 
are  often  more  numerous  than  normal,  and  sometimes  project  into  the 
wall  of  the  superior  longitudinal  sinus. 

THROMBOSIS  OF  THE  CEREBRAL  SINUSES,  which  frequently 
arises  from  disease  of  the  dura -mater,  may  be  "  simple  "  or  septic.  The 
thrombi  may  arise  as  a  sequel  of  acute  fevers,  in  wasting  diseases  ("  maran- 
tic "  thrombi),  or  in  certain  blood-diseases,  and  are  found  in  the  superior 
longitudinal  sinus,  commencing  at  the  anterior  part  and  spreading 
backwards  as  far  as  the  torcular,  in  the  lateral  sinuses  and  in  the  cavernous 
and  circular  sinuses.  In  the  two  latter  positions,  however,  the  thrombi 
are  generally  the  result  of  pressure  on  the  sinuses  by  tumours  of  the 
pituitary  body  or  of  the  sella  turcica,  or  of  syphilitic  disease  of  that  part 
of  the  dura-mater  forming  the  walls  of  the  sinuses.  In  the  lateral  sinuses, 
the  thrombi  are  most  commonly  septic,  and  arise  usually  by  the  spread — 
directly  through  the  bone  or  by  way  of  the  petrosal  sinus — of  infective 
material  from  the  middle  ear,  with  or  without  necrosis  of  its  bony  roof. 
From  the  lateral  sinus,  the  condition  may  spread  down  the  internal 
jugular  vein.  Thrombosis  of  the  straight  sinus  and  of  the  veins  of  Galen 
is  of  considerable  importance,  from  the  fact  that,  by  these  channels,  blood 
is  returned  from  the  interior  of  the  brain  and  the  basal  ganglionic  region. 
The  thrombi  may  also  result  from  traumatism. 

If  the  thrombus  is  non -septic,  it  may  produce  venous  congestion  and 
rupture  of  small  vessels  on  the  surface  of  the  brain,  thus  giving  rise  to 
haemorrhages.  If,  however,  it  is  septic,  the  clot  may  become  softened 
and  fragmented,  the   walls  of   the  sinuses   be  suppuration 

supervene,  and  pyaemia  result. 
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MENINGEAL   HEMORRHAGE  :— 

1.  Pachymeningitis  Hemorrhagica. — This  lesion  is  seen  as  a  mass  of 
blood-clot  more  or  less  adherent  to  the  inner  surface  of  the  dura,  and 
covered,  on  its  inner  surface,  by  a  thin  membrane.  This  membrane  is 
generally  of  a  brownish  colour — evidently  from  the  presence  of  the  colour- 
ing matter  of  the  blood — and  extends,  as  a  thin  soft  layer,  to  the  surface 
of  the  dura,  with  which  it  is  continuous  beyond  the  clot. 

By  many  authors,  this  disease  is  said  to  commence  as  a  slowly -develop- 
ing inflammation  of  the  dura-mater,  characterised  by  hyperaemia.  A  soft 
membrane,  containing  spindle-shaped  and  stellate  cells,  and  having 
large  thin -walled  vessels,  is  formed ;  and,  from  these  vessels,  haemorrhage 
occurs  into  the  membrane.  Some  writers,  however — and  with  these  we 
agree — maintain  that  haemorrhage  into  the  dura,  or,  more  usually,  into 
the  subdural  space,  is  the  primary  condition,  and  that  the  membrane  is 
a  later  production,  arising  by  proliferation  of  the  endothelial  lining  of  the 
dura-mater — a  process  analogous  to  that  seen  in  the  isolation  of  thrombi 
in  vessels.  From  the  dura-mater,  vessels,  accompanied  by  connective- 
tissue  corpuscles,  pass  into  the  clot,  and  organisation  takes  place — the 
whole  being  eventually  converted  into  fibrous  tissue,  which  coalesces 
with  the  dura-mater.  During  the  early  stages  of  this  process  of  organisa- 
tion, the  young  vessels  may  become  dilated  and  may  rupture,  and  thus 
fresh  haemorrhages  may  occur.  The  stellate  and  other  cells  which  are 
seen  in  the  clot  are  the  cells  of  the  organising  tissue. 

Recurrent  attacks  of  the  disease  are  common,  and  thus  several  layers, 
in  different  stages  of  transformation,  may  be  found  at  one  time,  and  a 
laminated  cystic  condition  be  produced. 

The  haemorrhage  may  be  traumatic  in  origin,  and  secondary  to 
vascular  or  other  degenerations  in  some  forms  of  insanity,  epilepsy,  and 
in  chronic  alcoholism  ;  or  it  may  be  found  in  such  diseases  independently 
of  traumatism.  It  is  usually  confined  to  the  dura  over  the  convexity 
of  the  brain. 

2.  Haemorrhage  into  and  on  the  Membranes. — Haemorrhages  in  the 
membranes  of  the  brain,  as  primary  conditions,  are  of  minor  importance. 
In  acute  meningitis,  in  septicaemia,  in  scurvy,  etc.,  small  haemorrhages 
take  place  into  any  of  the  membranes;  whilst,  in  anthrax,  "the  brain 
may  exhibit  no  conspicuous  lesion,  or  there  may  be  extensive  haemo- 
rrhages into  its  substance  or  in  the  membranes."  *  Injuries  of  the  skull, 
or  injuries  and  haemorrhages  of  the  brain,  sometimes  secondarily  involve 
the  membranes,  and  give  rise  to  haemorrhages  into  them.  In  such  < 
blood  may  be  found  between  the  skull  and  the  dura-mat cr, in  the  subdural, 
or  in  the  subarachnoid,  space.  These  haemorrhages  may  be  caused  by 
penetrating  wounds  of  the  skull;    by  simple   contusions  of  the   skull, 

1  Spear  and   Greenfield,    "  Woolsorters'    Disease,"     Local    Cove  mm  cut    Board 
Medical  Officer  s  Report,  1880,  Appendix  A,  No.  8,  p.  77. 
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and  are  found  in  cases  of  concussion  due  to  the  bursting  of  shells 
and  other  forms  of  explosives  without  any  external  wound.  Such 
haemorrhages  may  be  extra-dural,  or  in  the  sub-arachnoid  space.  Similar 
haemorrhages  are  found  in  some  cases  of  tuberculous,  and  of  cerebro- 
spinal, meningitis. 

INFLAMMATION— MENINGITIS  :— 

1.  PACHYMENINGITIS.— The  inflammations  of  the  dura-mater  are 
usually  secondary  to  injury  or  disease  of  the  sinuses  or  of  the  bones  of  the 
skull.  Thus,  they  may  be  caused  by  traumatism,  by  tumours  growing 
from  the  bones  of  the  skull  or  invading  the  cranial  cavity  by  perfora- 
tion of  the  bones  or  by  passage  through  the  foramina,  by  gummata  of 
the  skull  as  well  as  of  the  dura  itself,  and  by  suppuration  extending  from 
the  bones  of  the  middle  ear  either  directly  or  by  way  of  the  lateral 
sinuses.  Caries  or  necrosis  of  bone,  the  result  of  tuberculosis  or  of  syphilis, 
may  also  give  rise  to  inflammation ;  and  syphilitic  meningitis  occurs 
without  gummata  and  without  necrosis  of  bone 

Effects  of  Septic  Pachymeningitis. — When  the  outer  part  of  the  dura 
alone  is  affected,  the  membrane  is  swollen  and  dark  red  or  greenish 
in  colour,  and  may  become  separated  from  the  bone  by  extra-dural 
collections  of  pus.  On  the  inner  surface,  there  may  be  a  thin  layer  of 
greenish-yellow  lymph.  When  the  disease  has  reached  the  inner  surface 
of  the  membrane,  the  spread  is  more  rapid  and  more  extensive. 
The  pia-arachnoid  is  usually  affected,  and  purulent  effusion  is  present 
in  the  subdural  and  the  sub-arachnoid  spaces  in  the  meshes  of  the 
pia-arachnoid  and  in  the  sulci.  Granulation-tissue  is  developed, 
and  adhesions  may  form  between  the  pia-arachnoid  and  the  dura. 

2.  LEPTOMENINGITIS,  or  Inflammation  of  the  Pia-arachnoid.— The 
term  meningitis,  in  its  ordinary  use,  is  often  applied  to  inflammatory 
changes  in  the  pia-arachnoid,  probably  because  leptomeningitis  is  far 
commoner  than  are  inflammatory  affections  of  the  dura. 

etiology. — Leptomeningitis  may  occur  as  a  primary  infection,  though 
the  channels  by  which  the  infective  material  gains  entrance  are  often 
obscure ;  but,  in  many  cases,  the  blood-stream  must  be  regarded  as  the 
principal  carrier.  Other  routes  of  infection,  however,  are  the  lymphatic 
channels  and  the  lymphatic  spaces  in  the  areolar  tissue.  Direct  entrance 
from  the  ear,  or  from  the  nasal  cavity  and  its  aoces 
probably  a  not  uncommon  means  of  infection.  The  condition  may 
occur  also  as  a  direct  spread  from  inflammatory  foci  in  the  dura- 
mater  or  from  the  brain  itself,  as  in  "epidemic  encephalitis";  it  may 
arise,  either  primarily  or  secondarily,  in  the  acute  infective  diseases, 
e.g.  in  influenza,  in  pneumonia,  and  as  a  sequel  of  measles,  whooping 
cough,  typhoid  fever,  etc.,  or  during  an  attack  of  acute  rheuma* 
in  Bright's  disease,  or  in  the  course  of  any  form  of  tuberculosis.  It 
has   been   described    by  some   authors   as  occurring  in   mumps,  but    it 
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should  always  be  remembered  that  meningeal  irritation,  giving  rise  to 
symptoms  very  closely  simulating,  if  not  identical  with,  those  of  mening- 
itis, is  not  uncommon  in  pneumonia,  measles,  mumps  and  other  diseases, 
without  any  cytological  or  bacteriological  evidence  of  meningitis.  This 
condition  is  now  usually  called  "  Meningismus."  The  commoner  causal 
organisms  of  meningitis  are  Pneumococci,  Streptococci,  Staphylococci, 
Meningococci,  B.  pneumonice,  B.  typhosus,  B.  influenza,  B.  tuberculosis,  etc. 
Certain  Leptothrix-\ike  forms  have  also  been  isolated  in  a  few  cases ;  and 
one  of  the  authors  (W.  E.  C.  D.)  has  isolated  B.  paratyphosus  B.  in  three 
cases  of  suppurative  meningitis  in  young  children. 

Pathological  Anatomy. — Excluding,  for  the  present,  the  specific  cases 
due  to  Meningococcus  and  B.  tuberculosis,  which  will  be  described 
separately,  leptomeningitis,  in  the  early  stages,  gives  rise  to  a  rosy- 
red  colouration  of  the  pia-arachnoid.  The  vessels  are  much  distended, 
and  there  may  be  haemorrhages.  Later,  a  slightly  turbid  inflammatory 
exudate,  which  is  generally  bilateral  and  often  symmetrical,  is  seen, 
especially  along  the  lines  of  the  vessels.  This  fills  up  the  sulci 
and  obscures  the  convolutions,  and,  later,  may  shew  as  a  thick, 
somewhat  gelatinous  layer  on  the  surface  of  the  brain.  The  exudate 
may  become  purulent,  and,  in  severe  cases,  the  sub-arachnoid  space  is 
filled  with  pus.  The  cerebro-spinal  fluid  is  increased  in  amount,  turbid, 
and  even  purulent.  The  cortex  shews  marked  hyperemia,  and  this 
inflammatory  hyperaemic  condition  sometimes  spreads  inwards  along 
the  superficial  vessels,  constituting  an  encephalitis.  Occasionally,  large 
areas  of  softening  or  small  abscesses  are  found  in  the  substance  of  the 
brain.  On  microscopical  examination,  the  softened  areas  of  inflamed 
brain-substance  shew  dilatation  of  the  minute  vessels,  and  early 
degenerative  changes  in  various  nerve-cells. 

The  meningitis  may  be  localised  or  diffuse,  and  attempts  have  been 
made  to  classify  the  various  forms  according  to  their  situation,  and  by 
the  character  of  the  exudate.  Thus,  it  is  claimed  that  the  exudate  in 
pneumococcal  infection  is  thick,  viscid,  and  greenish  in  tint;  while  that 
due  to  the  Streptococci,  the  Staphylococci,  etc.,  is  more  fluid  or  serous,  and 
paler  in  colour.  Again,  it  is  said  that  the  pus  is  most  marked  at  the  base 
of  the  brain  in  those  cases  which  are  secondary  to  diseases  of  the  middle 
ear,  etc.,  or  where  the  inflammatory  process  has  spread  upwards  from  the 
spinal  cord ;  while,  in  those  in  which  the  infection  is  carried  by  the  blood, 
the  exudate  is  most  marked  at  the  vertex.  Though  these  differenoee 
are  present  in  certain  cases,  and  may  be  useful  as  rough  guides  in  post- 
mortem diagnosis,  too  much  reliance  must  not  be  placed  on  them. 

3.  EPIDEMIC  CEREBRO-SPINAL  MENINGITIS.— This  form  of 
meningitis  occurs  generally  in  epidemic  form,  but  sporadic  cases  are  not 
uncommon.  The  disease  has  been  of  frequent  occurrence  among  young 
recruits  and  seems  to  be  associated  especially  with  overcrowding,  e.g.  on 
board  transports,  in  barracks,  and  in  crowded  camps.     The  organism 


954  SPECIAL  PATHOLOGY 

concerned  is  Meningococcus  or  Diplococcus  intracellularis  meningitidis 
(Weichselbaum).  This  organism,  which  is  most  commonly  intracellular, 
is  found  in  the  cerebro-spinal  fluid,  and  one  of  the  authors  has  found 
them  in  large  numbers  in  the  intraventricular  fluid.  At  least  four  types 
of  the  organism,  differing  slightly  from  one  another  in  their  immuno- 
logical characters,  have  been  described.  It  is  found,  in  some  cases,  in 
the  peripheral  blood,  and,  more  rarely,  in  the  urine  and  other  situations 
such  as  fluid  from  joints,  discharge  from  the  ear,  sputum  in  cases  of 
broncho-pneumonia,  etc.  The  organism  is  found  in  the  naso-pharynx  in 
some  apparently  healthy  people,  in  those  who  have  been  in  close 
contact  with  definite  cases,  and  in  patients  who  are  suffering  from  the 
disease.  Among  these,  a  certain  proportion  are  "  carriers,"  and  it  is  some- 
times very  difficult  to  get  rid  of  the  organism,  partly  owing  to  pathological 
changes  in  the  naso-pharynx  (see  under  Respiratory  System,  p.  662.) 

The  pia-arachnoid,  in  the  early  stages  of  the  disease,  shews  evidence 
of  hyperemia  and  serous  exudation  with  the  presence  of  a  few  leucocytes 
and  red  corpuscles ;  but  later,  if  the  patient  survives,  the  exudate  becomes 
purulent,  and  the  pathological  picture  resembles  that  seen  in  pneumo- 
coccal and  other  forms  of  leptomeningitis.  The  exudate  is  found  in  the 
sub-arachnoid  space,  especially  in  the  sulci  between  the  convolutions  on 
the  upper  surface  of  the  cerebrum,  in  the  fissure  of  Sylvius,  and  on  the 
surface  of  the  pons  and  medulla,  and  the  upper  surface  of  the  cerebellum, 
though  usually  it  is  most  marked  at  the  base  posteriorly.  According  to 
Stuart  M'Donald,  the  exudate  specially  accumulates  in  the  posterior 
arachnoid  cistern.  Some  authors  state  that,  very  frequently,  the  infection, 
even  in  the  early  stage,  spreads  along  the  prolongations  of  the  pia- 
arachnoid  into  the  ventricles.1  Accumulations  of  serous  fluid,  with  inflam- 
matory cells  and  numerous  cocci,  occur,  giving  rise  to  hydrocephalus,  this, 
no  doubt,  being  also  due,  in  part,  to  an  interference  with  the  drainage  by 
the  various  openings  which  normally  establish  communication  between  the 
lateral  ventricle  and  the  general  sub-arachnoid  space.  The  brain-tissue 
forming  the  walls  of  the  ventricles,  as  well  as  that  of  the  surface,  becomes 
injected,  cedematous  and  even  infiltrated  with  inflammatory  products 
(acute  encephalitis).  Haemorrhages  may  occur  into  the  brain-substance, 
and,  in  some  cases,  the  cerebro-spinal  fluid  consists  of  almost  pure  blood 
and  contains  very  few  inflammatory  cells.  An  acute  leptomeningitis, 
of  the  spinal  membranes  is  present,  and  a  diagnosis  may  generally 
be  made  during  life  by  finding  the  characteristic  organism  in  the 
cerebro-spinal  fluid  obtained  by  lumbar  puncture.  Herpes  is  common 
on  the  lips,  and  a  haemorrhagic  petechial  rash  is  frequently  present. 
These  subcutaneous  haemorrhages  may  be  few  in  number,  or  very 
wide-spread    and    numerous,    and   sometimes   of   large    size.      Pleurisy, 

1  One  of  the  authors  (W.E.C.D.)  is  strongly  of  opinion  that  the  direction  of  this 
spread  is  frequently,  if  not  almost  always,  in  the  opposite  direction,  i.e.  from  the 
ventricles  outwards  to  the  surface  (see  p.  9 
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pericarditis,  and  parotitis  are  not  uncommon  as  complications.  Pneum- 
onia, either  of  lobar,  or  of  broncho-pneumonic,  type,  may  occur  in 
association  with  this  form  of  meningitis.  Arthritis,  with  a  serous  or  a 
purulent  exudate,  is  common,  and  some  of  the  cranial  nerves  are  not  in- 
frequently involved  directly  in  the  inflammatory  process.  Of  these,  the 
optic  nerve,  is  perhaps  the  most  commonly  affected,  with  resulting  acute 
papillitis  or  optic  neuritis.  The  third,  and,  occasionally,  the  sixth,  nerve 
is  involved.  The  inflammation  may  spread  directly  into  the  eye  along  the 
pia-arachnoid  of  the  optic  nerve,  causing  choroido-iritis  or  keratitis,  and,  in 
some  cases,  an  inflammatory  affection  of  the  fifth  nerve  causes  keratitis  and 
purulent  conjunctivitis.  Deafness  is  not  uncommon,  and,  in  most  cases,  is 
due  to  inflammation  of  the  labyrinth  or  of  the  eighth  nerve  in  the  internal 
auditory  meatus.  Later,  otitis  media  and  involvement  of  the  mastoid 
cells  may  occur. 

From  the  post-mortem  examination  of  over  a  hundred  fatal  cases  of 
cerebro-spinal  meningitis  occurring  during  the  war,  Carnegie  Dickson  1 
found  that  the  ventricular  system  is  the  site  of  acute  inflammatory  changes 
■ — often  as,  or  even  more,  marked  than  those  in  the  meninges.  Turbid  fluid 
containing  large  numbers  of  inflammatory  cells  was  present  in  every  case, 
in  varying  amount,  according  to  the  degree  of  acute  inflammatory  hydro- 
cephalus. There  was  usually  a  copious  deposit  of  somewhat  soft  fibrino- 
purulent  material  upon  the  ventricular  walls,  especially  in  the  more 
dependent  parts,  such  as  in  the  horns  of  the  lateral  ventricles  and  in  the 
third  ventricle  and  infundibulum,  the  latter  as  well  as  the  former  cavities 
generally  shewing  distension.  The  ependymal  lining  of  the  whole  chain  of 
ventricles  shewed  swelling,  and  there  was  commonly  softening  of  the  neigh- 
bouring brain-tissue — an  acute  encephalitis — often  with  haemorrhages, 
generally  small  or  petechial,  but  not  infrequently  considerable  in  size,  and 
sometimes  so  extensive,  as  to  bring  about  ploughing  up  of  the  cerebral 
substance.  In  some  cases,  the  blood  burst  into  the  ventricles  and 
extended  down  into  the  membranes  of  the  cord,  and  was  diagnosed  during 
life  by  lumbar  puncture.  Periventricular  encephalitis  appears  to  be  one 
of  the  most  important  factors  leading  to  a  fatal  issue,  especially  where  it 
involves  the  structures  in  the  floor  of  the  fourth  ventricle.  From  his 
examination  of  this  series,  Carnegie  Dickson  is  of  opinion  that,  in  these 
fatal  cases  at  all  events,  although  it  is  difficult  by  post-mortem  evidence 
alone  to  be  certain  of  the  direction  of  spread,  the  infection  of  the  ventricles 
had  usually  preceded  that  of  the  meninges,  the  organisms  having  been 
carried  from  the  naso-pharynx  or  accessory  nasal  sinuses,  to  the  choroid 
plexuses  by  the  blood-stream,  and  setting  up  an  endo-ventriculitis  or 
ependymitis.  In  very  acute  cases,  with  a  rapidly  fatal  issue,  the  ventricular 

1  Carnegie  Dickson.  "  Cerebro-Spinal  Meningitis:  Certain  Pathological  Findings 
and  their  Bearing  on  Treatment/1   Brit.   Med.  .lour..  April  7.   L917,  p.  454:  and 
Joint  Discussion,  No.   1.  on  " Non-Tuberculous  Meningitis"    (Sections  of  Med.. 
Otol.,  Neurol,  and  Laryngol.  .  Transact.  Roy.  8oc.  Med.  L<>n</..  Vol.  Will.  x 
Feb.,  1925,  p.  16. 
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inflammation  was  usually  more  obvious  than  that  of  the  meninges,  which 
sometimes  shewed  no  naked-eye  changes  beyond  acute  congestion. 

In  practically  all  cases,  meningococci  were  more  numerous  in  the 
ventricular,  than  in  the  spinal,  fluid,  and  were  present  sometimes  in  large 
numbers  in  the  former  in  cases  where  they  could  not  be  detected  in  the 
lumbar -puncture  fluid.  From  the  ventricles,  the  infection  appears  to 
spread  to  the  surface  of  the  brain  especially  at  three  points,  viz. : 
(1)  through  the  thinned  and  inflamed  floor  of  the  third  ventricle  and  in- 
fundibulum,  and  so  comes  to  be  specially  abundant  in  the  cisterna  basalis 
round  the  pituitary  stalk,  from  the  optic  commissure  in  front  to  the 
crura  and  pons  posteriorly ;  (2)  through  the  pial  roof  of  the  fourth  ventricle 
and  its  foramina,  to  the  surface  of  the  medulla  and  under  aspect  of  the 
cerebellum,  etc. ;  and  (3)  backwards,  through  the  great  transverse  fissure, 
to  the  central  lobe  and  culmen  of  the  cerebellum  and  the  neighbouring 
parts,  and  sometimes  through  the  valve  of  Vieussens  or  superior  medullary 
velum.  The  surface  exudate  is  usually  found  especially  over  these  three 
areas.  From  these  it  may  spread  and  coalesce,  giving  the  typical 
"  basal  "  or  rather  "  post-basal  "  distribution,  and,  later,  it  extends  down 
the  cord,  and,  to  a  varying  degree,  over  the  surface  of  the  cerebellum  and 
cerebrum.  The  exudate  appears  to  be  very  much  less  liable  to  spread 
forwards  over  the  cribriform  plates  of  the  ethmoid,  round  the  olfactory 
tracts  and  bulbs,  a  point  which  appears  to  militate  against  the  view, 
put  forward  by  some,  that  the  infection  spreads  to  the  brain  through 
the  roof  of  the  nose  and  cribriform  plate.  In  three  cases  in  which  the 
ventricles  were  tapped  during  life,  the  ventricular  fluid  was  found  to 
contain  more  inflammatory  cells  and  meningococci  than  the  lumbar- 
puncture  fluid — in  two  of  these,  and  in  a  number  of  the  post-mortem 
cases,  the  organisms  were  so  numerous  as  to  resemble  a  "  cultural  " 
growth.  In  some  cases,  this  ventricular  infection  may  persist  after  the 
surface  condition  has  cleared  up  under  serum-treatment,  a  fatal  issue 
may  occur,  the  cord  may  be  found  "clean"  at  the  post-mortem. 
In  other  cases  which  have  cleared  up,  but  in  which  the  foramina  in  the 
pial  roof  of  the  fourth  ventricle  have  become  blocked,  a  non-inflammatory 
or  retention -hydrocephalus  may  ultimately  supervene  and  cause  death. 
Another  phenomenon  which  aids  mechanically  in  the  production  of 
hydrocephalus  is  the  pushing  down  of  the  medulla  and  the  adjacent 
portions  of  the  cerebellum  into  the  foramen  magnum,  compressing  the 
foramina  in  the  pial  roof  of  the  fourth  ventricle,  and  preventing  the  egress 
of  fluid  even  when  these  foramina  are  not  blocked  by  exudate.  These 
views,  put  forward  by  Carnegie  Dickson  in  1**1 7 .  have  received  support 

from  various  authors,  and.  in  a  recent   paper.  Lewkowicz  '  discusses  the 
question,  and  conclude  that  inanv  i  septicemia,  and  that 

the  ventricles  are  the  essential  site  <>f  the  cerebrospinal  infection,  and 

lie  further  emphasises  the  importance  of  this  in  relation  to  treatment. 
1  Lewkowicz,  " Cerebio-Spinal  l-V\n-."  /.'/■  8,  1924,  ;<.  W7. 
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4.  POSTERIOR  BASAL  MENINGITIS.— In  this  condition,  the  exudate, 
though  sometimes  extending  to  the  vertex  of  the  brain,  is  usually  confined 
to,  and  always  most  marked  at,  the  base.  The  exudate  is  more  or  less 
gelatinous,  and  is  often  most  marked  in  the  posterior  arachnoid  cistern. 
In  the  spinal  cord,  all  degrees  in  a  purulent  leptomeningitis  are  met  with. 
It  is  said  that  the  onset  of  the  disease  is  not  so  sudden  as  is  that  of  the 
epidemic  cases,  and  its  duration  is  more  protracted ;  yet  acute,  rapidly 
fatal,  and  epidemic  cases  of  posterior  basal  meningitis  occur.  A  diplo- 
coccus,  which  he  considers  specific  for  this  disease,  has  been  described 
by  Still;  but,  by  most  authorities,  this  organism  is  regarded  as  merely 
a  modification  of  the  Diplococcus  intracellularis  meningitidis.  Work  by 
Gordon  and  others  has  shewn  that,  as  has  been  pointed  out  on  p.  954, 
at  least  four  types  of  Meningococci  can  be  identified  by  serological 
reactions,  and  that,  among  these,  there  are  distinct  variations  in  regard  to 
virulence.  In  our  view,  posterior  basal  and  epidemic  cerebro-spinal 
meningitis  are  merely  varieties  of  the  same  disease,  the  difference  depend- 
ing, in  part  at  any  rate,  on  a  variation  in  virulence  of  the  Meningococcus. 
Much  evidence  has  been  recently  brought  forward  in  support  of  each 
view,  but,  as  this  is  concerned  aimost  wholly  with  the  bacteriology  of 
the  conditions,  we  do  not  propose  to  discuss  it  here. 

5.  TUBERCULOUS  MENINGITIS  is  very  common,  and,  though  seen 
most  usually  in  children  and  young  adults,  it  may  occur  at  any  age.  In  the 
vast  majority  of  cases,  the  inflammatory  process — within  the  skull,  at  all 
events — first  becomes  evident  at  the  base  of  the  brain.  In  the  early  stages, 
the  exudate  is  limited  to  the  interpeduncular  space  and  the  area  around 
it,  but,  eventually,  it  spreads  to  parts  in  continuity  with  these — backwards 
over  the  upper  surface  of  the  cerebellum  :  laterally  along  the  Sylvian 
fissures :  and  forwards  between  the  hemispheres  and  over  the  corpus 
callosum  :  and  also  into  the  substance  of  the  brain  along  the  connective- 
tissue  sheaths  of  the  vessels  at  the  perforated  spots.  Thus,  the  condition 
may  involve  a  very  considerable  surface  area  of  the  brain,  extending 
even  to  the  vertex.  In  the  early  stages,  the  exudate  may  be  only  slightly 
turbid  and  opaque,  but,  later,  it  becomes  somewhat  yellowish  or  greenish 
in  colour.  It  is  never  definitely  purulent.  Tubercle-granulations  are 
present  in  the  membranes,  but,  in  early  cases,  they  may  be  so  minute 
as  to  be  almost  invisible  to  the  naked  eye.  Sometimes,  they  are  better 
seen  along  the  vessels  in  the  Sylvian  fissures  and  along  the  arterial  branches 
which  have  entered  the  brain-substance  at  the  perforated  spots,  than  at 
the  base,  but,  in  all  doubtful  cases,  the  membrane  should  be  viewed 
under  a  low  power  of  the  microscope. 

On  examining  the  brain  post  mortem  the  convolutions  are  usually 
flattened,  and  the  pia-arachnoid  is  somewhat  dry  and  glazed.  The  exudate 
and  the  minute  tubercle-granulations,  already  referred  to.  may  he  Been, 
On  making  a  section  of  the  brain,  the  ventricles  are  found  t<>  be  distended 
with  a  clear  or,  more  usually,  a  somewhat  turbid  fluid,  the  amount  of 
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distension  varying  greatly,  and  being  most  evident  in  the  lateral  ventricles, 
round  which  the  brain-tissue  is  softened.  This  softening  may  extend 
somewhat  deeply,  and  is  probably  a  result  of  maceration  by  the 
accumulated  fluid,  or  of  obstruction  to  the  vascular  supply  by  pres- 
sure. The  choroid  plexuses  contain  tubercle-granulations.  A  di- 
encephalics, sometimes  of  a  haomorrhagic  nature,  may  be  associated 
with  the  tuberculous  meningitis.  The  appearances  at  the  base  of  the 
brain  have  been  described.  The  exudate  may  surround  the  nerves  at 
the  base  of  the  brain  and  give  rise  to  neuritis. 

The  pia-mater  of  the  spinal  cord  is  very  commonly  affected,  and,  in 
our  experience,  it  is  exceptional  to  find  a  tuberculous  meningitis  which 
does  not  affect  both  the  brain  and  the  cord.  In  the  majority  of  cases, 
according  to  Greenfield,  the  cervical  region  of  the  spinal  cord  is 
first  affected,  possibly  by  way  of  the  lymphatics  from  the  thorax  or 
abdomen — the  condition  then  spreading  both  upwards  and  down- 
wards, and,  in  its  upward  spread,  extending  along  the  medulla 
oblongata  to  the  base  of  the  brain.  In  many  of  the  cases  which  we 
have  examined,  the  process  was  most  advanced  at  the  cervical  region  of 
the  cord,  and  we  think  that,  in  a  large  number  of  cases  at  all  eve 
there  is  a  considerable  amount  of  evidence  to  support  Greenfield's  view. 
The  fluid  in  the  ventricles  may  be  very  considerable  in  amount,  and 
give  rise  to  acute  hydrocephalus.  In  most  cases,  this  accumulation  is 
due  to  an  occlusion  of  the  communications  between  the  ventricular 
system  and  the  subarachnoid  space  by  the  inflammatory  changes  in  the 
region  of  the  fourth  ventricle;  but  it  is  also  sometimes  produced  by  an 
extension  of  the  inflammatory  processes  along  the  choroid  plexuses. 

Microscopical  examination  of  the  exudate  shews  that,  in  most  i 
the  cells  present  are  mainly  mononucleated— lymphocytes,  or  cells  of  the 
lymphocyte -type.  In  some  cases,  however,  and  especially  in  those  which 
run  a  very  acute  course,  considerable  numbers  of  polymorphonuclear 
leucocytes  are  found.  B.  tuberculosis  may  be  present  in  very  small 
numbers  and  may  be  discovered  only  after  prolonged  search.  Poly- 
morphonuclear leucocytes  are  a  marked  feature  in  some  ( 
examined    B    day    or    tv  I    the    previous    withdrawal    of    cerebro- 

spinal fluid.     Thf  appa  numbers  of  polymorphs  is  also 

apparently  an  almoi  .t  feature  in  those  cases  of  tuberculous  men- 

ingitis which  ha  'iisly  dia  Bpinal  f \ 

and  into  the  Bpinal  theca  of  which  anti-meningococcic  serum  has  been 
injected — a  similar  phenomenon  occurring  from  the  intrathecal  inject  inn 

of  anti-meni  '1  -ruin  in'  <1  syphilis. 

oell-picture  so  produced  by  such  inj<  f  serum  into  tuberculou 

syphilil  ic  meninges  may,  then  ly  simulate,  and  !»«•  mistake] 

that  of  true  .  .     Mi  ■  will 

necessarily  be  absent .      Lymphocytosis  in  the  cerebri  fluid  su^rr 

tuberculous  meningitis  but  meningeal  or  actual   m< 

may  occur  in  mumps,  in  I  in  Byphilifl,  etc.,  and,  in  these  conditions, 
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lymphocytosis  is  also  a  marked  feature.  Lymphocytosis  is  also  seen 
in  general  paralysis  of  the  insane,  which  is  now  regarded  as  syphilitic  in 
origin,  and  in  other  manifestations  of  disease  of  the  brain  and  membranes. 

Tuberculous  masses  or  nodules  in  the  brain-substance  are  found 
in  some  cases  of  tuberculous  meningitis,  but  these  will  be  referred  to 
under  Tuberculosis  of  the  Brain  (p.  985). 

Methods  of  infection. — The  disease  is  frequently  part  of  a  general 
tuberculosis,  the  primary  seat  of  infection  being,  in  many  cases,  in  the 
bronchial,  cervical,  or  mesenteric  glands,  and  the  infective  material 
passing  to  the  meninges  by  way  of  the  lymph-  or  the  blood-stream. 
Again,  the  infection  may  start  from  a  local  tuberculosis  of  the  brain, 
as,  for  example,  a  tuberculous  nodule;  or  spread  from  tuberculosis 
of  some  of  the  bones  of  the  skull  or  of  the  vertebral  column.  A 
tuberculous  focus  in  any  part  of  the  body  is  a  possible  source  of 
tuberculous  meningitis. 

SYPHILITIC  DISEASE  frequently  attacks  the  membranes  of  the 
brain,  either  directly  or  by  extension  from  disease  of  the  bones  of  the 
cranium.  The  dura-mater  is  most  commonly  involved,  and,  in  this 
membrane,  the  disease  manifests  itself  either  as  a  meningitis,  or  as 
an  arteritis,  or  in  the  form  of  gummata. 

1.  Meningitis  may  affect  the  dura  at  any  part,  and  give  rise  to  wide- 
spread thickening  of  the  membrane.  The  thickened  area,  which  is  fibro- 
cellular  in  its  character,  gradually  grows  by  extension  inwards,  and, 
eventually,  dura  and  pia  become  adherent.  At  the  base,  these  changes 
sometimes  cause  compression  of  the  nerves  and  vessels,  especially  where 
they  enter  or  leave  the  various  foramina,  which  have  become  narrowed 
by  the  thickening  of  the  dura  lining  them.  Optic  neuritis,  paralysis  of 
the  third,  of  the  sixth,  and,  more  rarely,  of  other,  cranial  nerves,  headache, 
vertigo,  etc.,  may  be  present  as  a  result  of  the  infiltration  and  com- 
pression of  the  various  nerves,  vessels,  etc.,  by  the  newly-formed  tissue. 

2.  Arteritis. — Endarteritis  or  periarteritis  may  occur,  especially  in 
the  basilar  artery  and  its  branches.  The  middle  cerebral  is  sometimes 
affected,  and  a  wide-spread  change,  affecting  many  of  the  smaller  arteries 
is  frequently  seen.  The  large  vessels  shew  mainly  the  condition  of  end- 
arteritis deformans  (atheroma)  :  the  smaller  ones,  endarteritis  piolifeians 
and  periarteritis.  In  rare  instances,  there  is  development  of  disc 
nodules  along  the  arteries  (nodose  periarteritis  ])  oi  even  along  the  veins. 

3.  Gummata  may  develop  in  t  he  dura  at  any  point,  but  are  commonest 
towards  the  vertex.  They,  too,  press  upon,  and  infiltrate,  nerves  and 
vessels,  and,  by  pressure  on,  and  invasion  of.  the  cranial  bones,  cause 
erosion,  or  even  extensive  necrosis. 

The  pia-mater  may  be  affected  by  dii  tension  from  syphilis  of 

1  Alexander  Bruce,  "  Nodose  Periarteritis/ 
Chirurgical  Society,  1893,  vol.  \iii.,  n,  L90;  ami  <  Dickson,  "Polyarteritis 

Acuta  Nodosa  and  titii  Nod  ir.  Path,  and  J>  Ion,    1907, 

vol.  xii.,  p.  31. 
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the  dura,  the  lesion  presenting  itself  as  a  diffuse  meningitis  or  as  an  arteritis. 
Primary  syphilitic  meningitis,  arteritis,  and  gummatous  formation,  some- 
times in  the  form  of  miliary  gummata,  are  found  in  the  pia.  The 
cerebro-spinal  fluid  shews  generally  a  lymphocytosis  and  an  increase 
in  protein,  and  may  give  a  positive  Wassermann  reaction. 

TUMOURS  OF  THE  MENINGES  :— 

Fibromas,  Chondromas,  Angiomas,  Psammomas,  Osteomas,  Lipomas, 
Sarcomas,  and  Endotheliomas  or  Mesotheliomas,  are  described. 

The  endo-  or  meso-theliomas  most  commonly  arise  in  the  pia-mater, 
and  may  sometimes  be  associated  with  endotheliomas  of  bone.  The 
sarcomas,  especially  those  of  the  dura-mater,  are  probably  the  most 
important  tumours  of  the  meninges.  They  are  situated  generally  at  t  be 
base  of  the  skull,  and  they  extend  and  involve  neighbouring  parts — the 
pons,  the  medulla,  the  cranial  nerves,  the  bones,  etc.  They  are  usually 
very  malignant. 

Teratomas  occasionally  occur.    Meningoceles  are  described  on  p.  965. 

CEREBRO-SPINAL  FLUID  1:— 

Under  normal  conditions,  the  cerebro-spinal  fluid  is  clear  and  watery, 
and  of  low  specific  gravity  (1*004  to  1*007) ;  it  contains  soluble  inorganic 
salts,  a  trace  of  coagulable  protein,  which  is  chiefly  globulin,  and  0*05- 
0*13  of  a  copper-reducing  substance  that  is  probably  glucose.  It  is 
practically  free  from  cells  or  other  formed  elements.  According  to 
Halliburton,  this  fluid  is  a  secretion  arising  from  a  definite  glandular 
structure,  and  is  produced  primarily  by  secreting  cells  covering  the  choroid 
plexuses  in  the  lateral  ventricles.  The  pressure,  therefore,  is  dependent  to 
a  considerable  extent  on  the  activity  or  secretory  power  of  the  secreting 
cells,  though  one  cannot  doubt  that  it  is  also  influenced  by  changes  in  the 
arterial  and  venous  pressures. 

Under  various  abnormal  conditions,  the  protein  matter — albumin, 
globulin,  or  both  of  these — is  largely  increased,  the  cellular  elements 
become  a  marked  feature  (see  under  Meningitis,  Syphilis,  etc.),  and 
various  abnormal  substances  such  as  cholesterol,  etc.,  are  added. 
The  colour  may  be  altered,  from  the  presence  of  blood,  blood-pigment, 
or  other  abnormal  pigmentary  substances. 

ACCUMULATIONS  OF  CEREBRO-SPINAL  FLUID  IN  THE  MEM- 
BRANES AND  CAVITIES  OF  THE  BRAIN  :— 

(Edema. — Marked  oedema  of  the  membranes  of  the  brain.  illy 

the  pia-arachnoid,  occurs,  along  with  oedema  in  other  pans,  in  some  i 
of   Bright 's  disease,  heart -disease,  etc.    It  is  by  no  means  infrequent, 
in  cases  which  have  clinically  exhibited  symptoms-    especially 
veiling  during  the  course  of  Bright'fl  disease— ex  me  Local 

cerebral  lesion  such  as  haemorrhage,  thrombosis,  or  tumour,  to  find  only 

1  For  a  frailer  description  of  tin-  obaracten  of  ti  -spinal  fluid  in  health 

and  disease,  see  Chapter  L,  Buzzard  and  Qreenfield'i  The  Pathology  of  the  Xervoiis 
System,  Messrs.  Constable,  London,  1'JiM. 
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marked  general  oedema  of  the  membranes  and  brain-substance.  In 
certain  cases  in  which  atrophy  of  the  brain  has  taken  place,  the  sub- 
arachnoid space  may  become  rilled  with  serous  fluid  (see  p.  980) ;  and 
definite  local  accumulations  due  to  inflammatory  changes — and  described 
as  meningitis  serosa  circumscripta — occur.  This  condition  may  arise 
in  the  course  of  infectious  diseases  or  intoxications,  or  in  some  cases, 
apparently  independently  of  these  factors. 

Hydrocephalus. — The  commonest  manifestation  of  this  condition 
is  that  in  which  there  is  an  excess  of  fluid  in  the  whole  ventricular  system, 
but  especially  in  the  lateral  ventricles.    In  certain  congenital  cases  the 


Fig.  430. — Coronal  section  through  the  Cranium  and  Brain  of  a  case  of  Chronic  Hydro- 
cephalus, shewing  extreme  distension  of  the  Lateral  Ventricles.  (From  the  Patho- 
logical Museum,  University  of  Sheffield.) 

fluid  accumulates  in  the  subdural  space  (External  Hydrocephalus),  but 
these  cases  are  so  rare  that  further  reference  need  not  bo  made  to  them. 

The  accumulation  of  fluid  in  the  ventricles  may  be  congenital  or 
acquired. 

(a)  Congenital  Hydrocephalus.— In  this  condition,  there  is  a  gradual 
dilatation,  especially  of  the  lateral  ventricles,  with  very  marked  thinning 
of  the  brain -substance  and  of  the  bones  of  the  skull.  The  skull  becomes 
greatly  expanded,  closure  of  the  sutures  is  prevented,  and  the  cranium  may 
be  represented  by  a  membranous  structure  in  which  widely  separated 
plates  of  bone  are  embedded.  The  frontal  bone  is  pushed  forwards  so 
that  the  forehead  rises  perpendicularly  or  overhangs  the  eyebrows,  the 
parietal  bones  bulge  laterally,  and  the  occipital  bone  is  pushed  back* 
62 
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In  spite  of  the  great  thinning  of  the  brain-substance  and  the  pressure 
exerted  on  it,  its  functions  may  be  retained.  Usually,  however,  the 
hydrocephalic  child  gives  evidence  of  varying  degrees  of  mental 
enfeeblement.  The  lateral  ventricles,  as  has  been  said,  undergo  the 
greatest  degree  of  dilatation,  but  the  foramina  of  Monro,  the  third,  and 
even  the  fourth,  ventricles  may  also  be  dilated.  The  lining-membrane  of 
the  ventricles  is  usually  thickened,  and  may  appear  somewhat  granular. 
The  accumulated  fluid  is  clear,  watery,  and  of  low  specific  gravity. 

The  cause  of  chronic  hydrocephalus,  in  many  cases,  is  obscure,  but  it 
is  generally  believed  to  be  due  to  some  congenital  defect  in  the  apparatus 


Fio.  431. — Horizontal  section  through  the  Brain  of  a  case  of  Chronic  Hydrocephalus, 
shewing  the  dilatation  of  the  Lateral  Ventricles  and  of  the  Foramina  of  Monro.  (From 
a  specimen  belonging  to  Sir  Harold  J.  Stiles,  F.R.C.S.E.) 


for  the  secretion  and  absorption  of  cerebro-spinal  fluid,  e.g.  a  mal-develop- 
ment  and  closure  of  the  foramen  of  Magendie  and  the  other  foramina 
in  the  roof  of  the  fourth  ventricle.  It  must  be  recognised  that,  both  in 
the  congenital  and  in  the  acquired  form  of  the  disease,  there  may  have 
been  a  primary  slight  attack  of  meningitis,  either  occurring  in  idem,  or 
which  had  escaped  observation  at  a  later  period. 

(b)  Acquired  Hydrocephalus. — A  simple  basal  or  other  form  of  mening- 
itis may  cause  the  sealing  up  of  the  foramina  in  the  roof  of  the  fourth 
ventricle,  and  so  lead  to  the  production  of  Acquired  Hydrocephalus. 
This  may  supervene  during  the  active  stage  of  the  disease,  when  it  is 
undoubtedly  aided  by  inflammatory  reaction  (transudation  of  lymph, 
etc.)  which  involves  the  choroid  plexuses  and  the  lining  membrane  of  the 
ventricles;  or  it  may  occur  during  convalescence.  A  subsidiary,  but 
important,  phenomenon,  aiding  in  the  production  of  hydrocephalus,  is 
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the  impaction  of  the  medulla  and  neighbouring  portions  of  the  cerebellum 
into  the  foramen  magnum,  due  to  increase  in  bulk  of  the  cranial  contents 
from  congestion  or  oedema.  Hydrocephalus  itself,  when  once  started, 
has  a  similar  result,  the  two  conditions,  hydrocephalus  and  impaction, 
mutually  aggravating  each  other.  Some  cases  of  acute  hydrocephalus 
may  be  thus  produced  without  actual  closure  of  the  foramina  in  the  pial 
roof  of  the  fourth  ventricle  by  inflammation,  and  may  occur  during  the 
active  disease  (in  which  case,  and  especially  in  meningococcal  mening- 
itis, the  causal  organisms  may  be  present  in  the  ventricular  fluid) ;  or 
the  hydrocephalus  may  supervene  during  convalescence. 


Fig.  432. — Healthy  Betz-cells.  Shewing  nucleus  and  nucleolus  (one  cell),  cell  processes  and 
Nissl-bodies.  (From  specimen  lent  by  Drs.  Watson  and  Bigland,  Liverpool.) 
X  300. 


II.  DISEASES   OF  THE   BRAIN 

In  dealing  with  the  diseases  of  the  brain  and  spinal  cord,  there  are  certain 
elementary  facts  which  require  to  be  borne  in  mind.  In  general  terms,  the 
brain-tissue  consists  of  the  nervous  tissue  proper,  the  supporting  tissue,  and 
blood-vessels.  Blood-vessels  are  very  lavishly  supplied.  The  main  arterial 
trunks  (vertebral  and  internal  carotid),  on  entering  the  skull,  are  almost 
immediately  resolved  into  an  anastomosing  circle  (the  circle  of  Willis).  The 
internal  carotid  artery,  after  perforating  the  dura  mater,  divides  into  the 
anterior  and  the  middle  cerebral  arteries. 

Just  as  the  internal  carotid  artery  passes  through  the  dura -mater,  it 
gives  off  the  ophthalmic  artery,  and,  from  the  latter,  the  arteria  centralis 
retinae  arises.     The  middle  cerebral  artery  supplies  the  third   frontal,  the 
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upper   and    middle   temporal,   the   angular,   the    Bupra-marginal,   and    the 

lower  two-thirds  of  the  ascending  frontal  and  parietal  Lryri.  the  anterior 
end  of  the  temporal  lobe,  and,  Bometimes,  the  Buperior  half  of  the  inferior 
temporal  gyrus.  The  anterior  cerebral  artery  supplies  the  upper  third  of 
the  ascending  frontal  and  parietal  gyri,  the  superior  frontal  gyrus,  the 
corpus  callosum  and  the  mesial  surface  of  the  Lrvrus  fornicatus,  marginal 
gyrus,  and  the  anterior  three-fourths  of  the  quadrate  lobe.  The  occipital 
lobe,  the  temporo-sphenoidal  convolutions,  and   various  parts  of  the  optic 
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Fio.  433. — Deg<  IM rated  X<  rre-cdl*.      From  the  anterior  horn  of  the  spinal  cord  in  a 
of  Pellagra,  shewing  eccentric  position  of  nucleus,  disappearance  of  Nud-bodii 
of  processes,  etc.     (Lent  by  Drs.  Watson  and  Bigland,  Liverpool.)      x  300. 

thalamus,    are  supplied    by   the   posterior   cerebral   artery.     Of   the   middle 
cerebral  artery,  the  most  important  branches  are  those  supplying  the  I 
ganglia,  viz.    the  caudate,  passing  to  th<  head  of  the  caudate  nucleus  :  the 
antero-lateral,  supplying  the  caudate  nucleus— except  it-  head- -the  internal 

capsule,  and  part  of  the  optic  thalamus:  and  the  lenticulo-striate,  supplying 
the  lenticular  nucleus  and  external  capsule,  and  passing  through  the  int • 
Capsule   into   the   caudate   nucleus. 

The  two  vertebral  arteries,  after  giving  oil  several  branches,  including 
the  posterior  meningeal  and  the  posteriox  inferior  cerebellar,  join  to  form  the 
basilar  artery,  and  this,  in  its  turn,  gives  off   the  other  cerebellar  art 
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and  the  posterior  cerebral,  which  supply  the  cerebellum,  the  pons  and  the 
medulla. 

Of  the  veins,  the  most  important  are  those  which  leave  the  temporal  and 
occipital  lobes  to  end  in  the  lateral  sinus. 

The  nervous  tissue  is  composed  of  nerve-cells,  each  of  which  consists  of  a 
cell-body  and  its  nucleus.  This  cell  is  continued  into  an  axis-cylinder 
process  with  its  terminal  arborisations  and,  usually,  also  many  protoplasmic 
processes  or  dendrites.  The  supporting  tissue  consists  of  an  epiblastic 
structure — neuroglia-cells  and  their  fibres — in  addition  to  ordinary  mesoblastic 
connective  tissue,  the  latter  being  found  especially  around  the  blood-vessels. 

In  degenerations  of  nervous  tissue,  from  whatever  cause,  the  nerve-cells 
and  the  nerve-fibres  suffer  most  severely;  and  the  neuroglia  proliferates  in 
order  to  replace  the  dead  or  damaged  nerve-cells.  The  mesoblastic  connective 
tissue  plays  very  little  part  in  the  process. 

CONGENITAL  ABNORMALITIES.— MALFORMATIONS  are  seen  prin- 
cipally in  imperfectly  developed  foetuses  which  do  not  survive  birth, 
and  are  interesting  rather  from  an  anatomical,  than  from  a  pathological, 
point  of  view.  The  brain  may  be  wholly  or  partially  deficient  (anen- 
cephalia),  and  this  may  be  associated  with  absence  of  the  whole  or  part 
of  the  cranial  vault  (acrania  or  hemicrania),  and  imperfect  closure  of  the 
skull  along  the  middle  line  (cranioschisis).  In  conjunction  with  imperfect 
development  of  the  skull,  hernia  of  the  brain  (encephalocele)  or  hernia 
of  the  membranes  (meningocele)  may  occur.  The  meningocele  consists 
merely  of  a  protrusion  of  part  of  the  cerebral  membranes.  In  an  en- 
cephalocele, there  is,  in  addition,  protrusion  of  part  of  the  brain.  These 
protrusions  are  generally  found  in  the  middle  line  posteriorly,  between 
the  two  lateral  halves  of  the  occipital  bone,  i.  e.  in  the  occipital 
fontanelle  of  Sutton — a  gap  running  up  in  the  middle  line  from  the 
inferior  angle  at  the  foramen  magnum  to  the  occipital  protuberance  : 
in  the  fronto-nasal  suture  :  and,  more  rarely,  in  the  lambdoidal,  sagittal, 
and  other  sutures.  They  have  been  described  as  occurring  through 
normal  and  abnormal  fissures,  at  the  base  of  the  skull  and  into  the  orbit, 
nose  and  mouth.  Associated  with  deficiency  of  the  anterior  part  of  the 
fore-brain,  a  single  central  eye  (cyclopia)  is  sometimes  found.  In  adult  life, 
general  smallness  of  the  brain  (micrencephalus)  with  corresponding  smali- 
ness  of  the  head  (microcephalus)  may  be  present.  The  term  Microcephaly 
is  applied  generally,  though  not  correctly,  to  smallness  of  the  brain. 
The  condition  is  characterised  by  an  imperfect  development  of  the  gyri 
and  sulci,  these  often  being  small,  irregular  in  arrangement,  and  imper- 
fectly formed.  In  certain  cases  it  is  due  simply  to  defective  develop- 
ment, but  sometimes  it  results  from  definite  pathological  conditions  in 
the  foetus.  Thickenings  of  the  pia-mater,  suggesting  early  inflammatory 
conditions,  have  been  found  associated  with  it. 

Parts  of  the  brain  are  sometimes  congenially  small  m  size.  At 
certain  areas  in  the  cortex,  the  convolutions  may  be  imperfectly  Formed. 
The  hemispheres  may  be  asymmetrical,  or  the  cerebellum  small  and 
imperfect.    The  corpus  callosum  is  sometimes  absent. 
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"  HYPERTROPHY,''  or,  more  correctly,  INCREASE  IN   THE  SIZE, 

OF  THE  BRAIN,  may  occur,  without  any  apparent  pathological  alteration 
in  the  brain -substance.  In  other  cases,  however,  this  "  hypertrophy  " 
is  associated  with  a  hyperplasia  of  the  neuroglial  tissue. 

ATROPHY  OF  THE  BRAIN.— In  general  cachectic  diseases,  the  brain 
does  not  waste  to  the  same  extent,  or  in  the  same  proportion,  as  other 
body-structures;  but,  in  old  people,  and  especially  in  alcoholics,  atrophy 
of  the  convolutions  takes  place.  A  similar  condition  is  seen  in  get 
paralysis  of  the  insane,  especially  in  the  frontal  region,  and  also  in  cases 
where  arterial  degeneration  is  a  marked  feature.  The  fluid  in  the  meshes 
of  the  pia  is  increased,  and  the  increase  is  sometimes  mistaken  for  dropsy. 
There  is  no  marked — though  there  may  sometimes  be  slight — dilatation 
of  the  lateral  ventricles.  The  pia  is  usually  thickened  and  more  adherent 
to  the  brain-substance  than  in  the  normal  condition,  and  this  thickening 
may  be  unilateral,  or  may  appear  as  a  general,  or  as  a  patchy,  milky 
opacity,  or  in  the  form  of  irregular  whitish  nodules.  The  cranial  bones 
usually  become  thinned,  and  may  sink  in  slightly  as  the  brain  shrinks. 
The  perivascular  lymphatics  may  be  dilated  because  of  the  atrophy  and 
retraction  of  the  surrounding  brain -substance. 

Local  atrophy  may  result  from  the  pressure  of  tumours,  etc. :  or  from 
loss  of  functional  activity,  following  haemorrhage,  embolism,  or  throm- 
bosis, with  subsequent  softening  and  absorption.  In  such  cases,  cavities 
or  pseudocysts,  with  a  smooth  lining  and  clear  watery  contents,  may  be 
formed ;  and  there  may  also  be  an  abnormal  distension  of  the  perivascular 
lymphatic  spaces,  owing  to  an  accumulation  of  fluid  in  them,  and  to 
shrinking  of  the  cerebral  substance. 

Injuries. — These  owe  their  importance  to  the  effects  they  have  on 
the  functions  of  the  brain.  The  force  of  the  blow  causes  disturbances 
of  the  circulation  in,  and  of  the  structure  of,  the  cerebral  tissue.  There 
may,  in  some  cases,  be  no  injury  to  the  skull,  but  the  concussion,  such, 
for  example,  as  that  resulting  from  the  bursting  of  an  explosive  shell,  may 
produce  various  nervous  symptoms  (shell-shock),  and,  on  yost-mortem 
examination,  evidence  of  punctiform  haemorrhages  at  the  termination 
of  the  smaller  vessels  on  the  surface  of  the  brain  and  in  the  grey  matter 
elsewhere,  or,  in  other  instances,  larger  haemorrhages,  is  found.  The 
cerebro-spinal  fluid  maybe  blood-stained.  Mbtt  Bays  there  is  a  general 
chromatolytic  change  in  t lie  cells  of  the  central  nervous  system — the 
cells  most  aiTected  being  the  small  cells  in  which  the  basoph 
has  partly  or  almost  wholly  disappeared.    In  the  larger  cells,  t! 

ales  are  small  and   not    packed  so  cloc  anal 

tissw 

Similarly,  there  ma\'  he  contusion  and  laceration  of  the  brain,  with  or 
without  a  wound  of  theskull.  Bullel  or  shrapnel-wounds  and  fractures 
produce  varying  of  haemorrhage  and  destruction  of  brain-tissue; 

and  the   pathological  affects  will  depend  on  the  d  extent   of   the 
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injury  and  the  character  of  the  missile,  e.g.  whether  it  is  septic  or  not 
Clean  wounds  of  brain-tissue  heal  rapidly,  whereas  septic  wounds  may 
produce  considerable  areas  of  suppuration.  Wounds  deep  into  the  brain 
may,  after  a  relatively  long  period,  be  followed  by  encephalitis,  abscess- 
formation,  or  meningitis.  Von  Eiselberg  states  that  late  abscess-forma- 
tion, secondary  to  penetrating  wounds  of  the  skull,  may  not  infrequently 
supervene,  if  the  cases  subsequently  become  the  subject  of  slight 
traumata,  infectious  disease,  or  even  a  sore  throat. 

CIRCULATORY  DISTURBANCES  :— 

1.  CHRONIC  VENOUS  CONGESTION,  as  a  post-mortem  phenomenon 
at  all  events,  is  not  usually  marked  in  the  brain .  Even  in  cases  of 
mitral  disease,  with  extensive  venous  congestion  in  the  lungs,  liver,  etc., 
the  only  evidence  of  the  condition  in  the  brain  may  be  distension  and 
tortuosity  of  the  vessels  in  the  pia-mater,  and  a  slight  deposit  of 
pigment  round  these  vessels.  The  condition  may  result  from  thrombosis 
of  the  sinuses,  but,  even  in  such  cases,  the  appearances  visible  after  death 
are  insignificant. 

2.  (EDEMA  or  DROPSY  of  the  brain -substance  is  not  common  except 
in  cases  of  Bright 's  disease,  though  it  occurs  to  a  varying  extent 
in  acute  inflammation  of  the  brain-substance,  or  of  the  pia-arachnoid. 
The  brain  is  usually  firmer  than  normal,  and,  when  cut  across,  presents  a 
glistening,  watery  appearance,  the  fluid  in  the  ventricles  being  also 
increased  in  amount,  and  the  meshes  of  the  pia-arachnoid  containing 
excess  of  fluid.  As  already  mentioned,  these  may  be  the  only  naked-eye 
lesions  in  certain  cases,  especially  of  Bright's  disease,  where  the  clinical 
symptoms  (e.g.  m<  noplegia,  hemiplegia,  etc.)  may  have  suggested  some 
more  definitely  localised  cerebral  lesion  such  as  haemorrhage  or  embolism. 

Local  oedema  may  be  present  in  the  neighbourhood  of  tumours, 
haemorrhages,  etc. 

3.  AN/EMIA. — Apart  from  the  transitory  anaemia  of  cardiac 
syncope,  general  anaemia  of  the  brain  results  from  loss  of  blood, 
from  stenosis  of  the  aortic  orifice,  from  general  loss  of  fluid,  as  in 
prolonged  diarrhoea,  etc.,  and  in  blood-diseases  where  there  is  extensive 
destruction  of  the  red  blood -corpuscles.  Though  such  anaemia  may  be  a 
cause  of  death,  there  are  no  characteristic  post-mortem  appearances  in  the 
brain. 

Local  anaemia  (Ischaemia)  may  arise  from  local  pressure  on  the  brain, 
produced  by  tumours,  extravasations  of  blood,  inflammatory  exudates,  etc. ; 
but  the  commonest  and  most  important  cause  is  obstruction  of  arteries. 

4.  ARTERIAL  OBSTRUCTION  may  be  produced  by  embolism  or 
by  thrombosis.  The  embolus  is  usually  a  portion  of  a  vegetation  detached 
from  the  mitral  or  the  aortic  valve,  or  a  portion  of  a  thrombus  or  clot 
situated  in  one  of  the  left  chambers  of  the  heart,  on  an  atheromatous 
patch  in  an  artery,  or  in  an  aneurism  of  the  aorta.     Partial  obstruction, 
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and  even  temporary  complete  obstruction,  without  thrombosis,  caused  by 
irregular  spasmodic  contraction  of  the  muscular  coat  of  the  vessel  is  said 
to  occur  in  arteries  whose  lumen  is  greatly  narrowed  by  degenerative  and 
proliferative  changes  in  their  walls. 

Thrombosis  from  causes  other  than  embolism  is  less  frequent,  and  is 
usually  secondary  to  atheroma  or  other  degenerative  condition  of  the 
arteries,  though,  in  very  exceptional  cases,  it  may  be  due  to  a  general 
enfeeblement  of  the  circulation,  or  to  disease  of  the  blood. 


Fig.  434. — Atheroma  of  the  Vessels  at  the  base  of  the  Brain,  shewing  tortuosity  and 

ular  dilatation.     The  Carotids  and  Yertebrals  on  each  mdo  shew  great  inequality 
in  size. 


Regions  specially  liable  to  be  affected  by  arterial  obstruction  : — 

(a)  Embolism  usually  occurs    in  the    left   middle    cerebral    . 
and    its    branches,  on    account    of   the   direct    continuity   of  this   \. 
with  the  corresponding  internal  carotid — the  i  which,  owing 
tin-  anatomical  airs             I   of  the  vessels,  provides  the  most  duvet 
course  for  an  embolus.     Next,  b               I  liabiln  the  right  middle 
cerebral  and  the  posterior  cerebral  (in  th<            I  the  latter,  the  two  e 
being  equally  liable),  the  vertebral — the  left  more  ly  than  the 
right — the   anterior   cerebral,   the   cerebell             daily   the   post* 
inferior  cerebellar,  and  the  basilar,  the  last  three,  how*  mg  only 
rarely  the  seat  of  emboli. 

(b)  Thrombosis,  as  a  result  of  atheroma,  is  found  especially  in  branches 
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of  the  posterior  cerebral  and  the  basilar  arteries,  or  in  some  of  the  smaller 
cortical  branches.  As  a  result  of  proliferative  endarteritis,  the  thrombosis 
occurs  particularly  in  the  internal  carotid  and  middle  cerebral,  and  also 
in  the  basilar,  the  posterior  cerebral,  and  the  vertebral  arteries. 

Pathological  Anatomy. — The  effects  of  the  obstruction,  however 
produced,  will  depend  on  its  situation,  its  extent,  the  condition  of  the 
arteries  affected,  and  the  amount  of  collateral  supply  that  is  possible. 
Thus,  obstruction  of  the  middle  cerebral  artery  will  cut  off  the  supply 
from  the  motor  and  sensory  areas  in  the  basal  ganglia,  and  will  produce 
hemiplegia  with,  possibly,  aphasia,  etc.,  thus  giving  definite  clinical 
manifestations  for  localisation  of  the  lesion;  or  thrombosis  of  the  basilar 
artery,  causing  softening  in  the  pons,  may  give  rise  to  bilateral  hemiplegia. 
Again,  if  the  obstruction  take  place  in  a  main  artery,  or  in  one  of 
its  minute  branches,  the  pathological  effects  may  be  very  severe,  or  very 
slight,  according  to  the  importance  and  extent  of  the  area  of  brain-tissue 
involved,  and  the  amount  of  collateral  supply  available ;  or,  if  the  ob- 
structing body  become  broken  up  into  fragments,  these  will  be  distributed, 
causing  multiple  localised  areas  of  damage.  More  important,  however, 
are  the  site  of  the  vessels,  and  the  condition  of  their  walls.  If  the 
collateral  supply  is  deficient,  or  if  widespread  disease  of  the  arteries 
prevents  its  full  establishment,  the  pathological  results  of  obstruction 
are  more  serious.  The  nutrient  arteries  supplying  the  brain-tissue  do  not 
anastomose  freely  with  one  another,  and  occlusion  of  them  has  very 
serious  results ;  whereas  obstruction  in  some  vessels  in  the  circle  of  Willis, 
where  the  anastomosis  is  well  marked,  may  lead  to  only  a  temporary 
derangement  of  the  circulation.  The  situations  in  which  softening  will 
occur  can  be  determined  only  by  a  careful  anatomical  study  of  the  arteries 
of  the  brain  and  their  distribution-areas. 

Phenomena  observed  as  a  result  of  obstruction: — 

Within  a  few  hours  after  the  obstruction,  in  cases  which  do  not 
succumb  to  its  immediate  effects,  there  is  hyperemia  in  the  pia- 
mater — if  the  lesion  be  cortical — and  in  those  parts  of  the  brain  border- 
ing on  the  region  from  which  the  arterial  supply  has  been  cut  off.  This 
hyperemia,  especially  of  the  cerebral  substance,  very  soon  passes  off, 
and  the  parts  supplied  by  the  obstructed  artery  speedily  become  pale 
and  soft.  Gradually,  this  softening  becomes  more  marked,  and  the 
affected  part  is  converted  into  a  mass  of  creamy  pulp.  It'  small  and  super- 
ficial, the  softened  area  may  be  absorbed  and  leave  a  depression  on  the 
surface  of  the  brain.  If  in  the  interior  of  the  brain,  partial  a  I  (sorption  takes 
place,  and  a  cavity,  containing  somewhat  turbid  fluid,  generally  remains. 
Usually,  this  cavity  has  no  distinct  cyst-wall, and  there  is,  as  a  rule,  no 
deposit  of  pigment,  such  a>  is  Been  alter  haemorrhage.  Unless  secondary 
extension  takes  place,  the  softened  area  is  always  smaller  than  the 
supplied  by  the  obstructed  artery. 

On   microscopical   examination,  the   nerve-fibres   are   found    to    be 
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disintegrated,  the  myelin  becoming  fragmented  and  escaping  from  the 
nerve-sheath.  The  nerve-cells  are  somewhat  more  resistant  than  the 
fibres,  but  thev  also  become  granular,  and  eventually  disappear.  The  cells 
of  the  neuroglia,  and  those  lining  the  vessels,  undergo  fatty  degeneration, 
forming  the  so-called  "  compound  granular  corpuscles."  Haemorrhage 
may  be  present,  in  some  cases,  in  varying  amount,  but,  gradually,  the 
haemoglobin  dissolves  out  from  the  red  cells  and  is  diffused  throughout 
the  tissues.  Thus,  the  red  colour  of  these  softenings  with  haemorrhages 
(red  softening)  gradually  changes  to  yellow  (yellow  softening)  and  eventu- 
ally to  white  (white  softening). 

CEREBRAL  HEMORRHAGE.— Under  this  term  are  generally 
included  two  conditions — haemorrhage  in,  or  upon  the  surface  of,  the 
membranes  of  the  brain — best  termed  meningeal  haemorrhage,  and 
haemorrhage  into  the  substance  of  the  brain.  To  the  latter,  the  term 
cerebral  haemorrhage,  in  its  strict  sense,  should  be  confined. 

Extra-  and  intra-dural  haemorrhages  have  already  been  dealt  with. 
Subdural  haemorrhages,  or  haemorrhages  internal  to  the  dura-mater, 
are  due  to  bleeding  either  from  without,  or  from  laceration  of  some  vessel 
in  or  on  the  surface  of  the  cortex,  e.  g.  the  rupture  of  an  aneurism.  They 
are,  however,  generally  the  result  of  traumatism,  though  rupture  of 
vessels  may  take  place  during  a  violent  spasm  in  whooping  cough,  or 
during  a  convulsive  seizure. 

Sub-arachnoid  haemorrhages  are  more  important,  and  may  extend 
over  a  considerable  surface  of  the  brain,  the  blood  being  confined  to  the 
sub-arachnoid  space  and  the  meshes  of  the  pia.  Such  haemorrhages  may 
be  the  result  of  injury  to  the  brain  from  a  blow  or  a  fall,  the  brain-substance 
being  lacerated,  but  the  membranes  not  necessarily  being  torn ;  or  they 
may  follow  thrombosis  of  the  longitudinal  sinus,  where  the  smaller  tributary 
vessels  become  dilated  and  undergo  rupture. 

Small  haemorrhages  may  occur  as  a  result  of  severe  inflammation, 
or  in  toxic  diseases  of  various  kinds,  e.g.  septicaemia,  scurvy,  typhoid 
fever,  pneumonia,  measles,  etc.,  and  punctiform  haemorrhages  are  very 
common  in  gas-poisoning;  whilst  in  anthrax,  as  has  been  mentioned 
on  p.  951,  and  in  cerebro-spinal  fever,  haemorrhages  of  considerable  size 
are  found  both  in  the  substance  and  in  the  membranes.  Blood  under 
the  pia-arachnoid  may  be  associated  with  the  rupture  of  a  small  aneurism 
on  a  pial  vessel,  or  an  extension  from  the  rupture  of  a  larger  aneurism 
on  the  vessels  at  the  base  of  the  brain.  Commonly,  blood  under  the  pia- 
arachnoid,  especially  at  the  base  of  the  brain,  has  spread  from  a  haemo- 
rrhage which  has  burst  into  the  lateral  ventricles.  The  blood  makes  its 
way  through  the  foramen  of  Monro  into  the  third  ventricle,  and  then 
passes  along  the  aqueduct  of  Sylvius  into  the  fourth  ventricle,  from  which 
it  escapes  into  the  sub- arachnoid  space,  where  it  may  burrow,  covering 
both  the  under  and  the  upper  sulfate  of  the  cerebellum,  and  perhaps 
also  extending  to  the  cerebrum,  and  spreading  along  the  lines  of  the 
fissures  of  Sylvius,  or  passing  anteriorly  into  the  longitudinal  fissure, 
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over  the  upper  surface  of  the  corpus  callosum,  and  into  the  sulci  on  the 
inner  surface  of  the  hemispheres.  It  may  also  extend  down  the  cord 
and  be  found  on  lumbar  puncture. 

Cerebral  Haemorrhage,  properly  so-called,  is  due  generally  to  rupture 
of  some  of  the  blood-vessels  within  the  substance  of  the  brain.  The 
arteries  usually  shew  atheroma  of  their  walls,  and,  in  a  certain  proportion 
of  cases,  aneurismal  dilatation — the  aneurisms  varying  in  size,  some 
being  single  and  measuring  perhaps  three-quarters  of  an  inch  to  an  inch 
in  diameter,  others  being  microscopic  in  size  and  perhaps  multiple  (miliary 
aneurisms).     Rupture  of  either  of  these  varieties  may  produce  extensive 


Fig.  435. — A  minute  (miliary)  Aneurism  on  one  of  the 
Cerebral  Arteries.      X  75, 

cerebral  haemorrhage.  The  larger  aneurisms  are  developed  on  any  artery, 
being  seen  especially  on  the  vessels  of  the  circle  of  Willis,  on  the  vertebral 
artery,  on  some  of  the  internal  branches  of  the  middle  cerebral,  and,  less 
commonly,  on  the  basilar,  internal  carotid,  posterior  cerebral,  anterior 
communicating,  and  cerebellar.  The  miliary  aneurisms  are  commoner 
on  the  arterial  branches  which  supply  the  basal  ganglia.  Both  forms 
result,  as  a  rule,  from  degenerative  changes  in  the  walls  of  the  arteries, 
associated  with  increased  pressure  within  the  vessels — these  conditions 
being  present  especially  in  certain  types  of  Bright's  disease,  particularly 
when  accompanied  by  hypertrophy  of  the  left  ventricle,  the  forcible 
action  of  which,  along  with  the  high  intravascular  pressure  and  weaken- 
ing of  the  vessel-wall,  may  Lead  to  rupture  of  the  aneurisms. 

Such  aneurisms  may,  in  certain  parts  of  the  brain  (especially  in  the 
medulla),  and  also  in  the   spinal  cord,  give  rise   to  serious  pressure- 
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symptoms,  and  may  even,  quite  apart  from  rupture,  lead  to  a  fatal  issue. 
In  children,  the  aneurismal  dilatations,  which  by  their  rupture  lead  to 
cerebral  haemorrhage,  appear  to  be  due  commonly  to  some  congenital 
defect  in  the  vessel-wall,  especially  in  its  muscular  coat. 

Cerebral  haemorrhage  frequently  occurs  in  acute  fevers,  e.g.  cerebro- 
spinal fever,  in  septicaemia,  in  pernicious  and  other  forms  of  anaemia,  in 
leucocythaemia,  and  in  phosphorus-poisoning.  In  all  these  cases,  the 
important  factor  is  degeneration  of  the  walls  of  the  smaller  vessels,  and 
the  haemorrhages  may  be  small  and  widely-scattered,  or  of  considerable 


Fig.  430. — Largo  Cerebral  Hemorrhage  in  the  region  of  the  Basal  CJanglia, 
which  has  burst  into  the  Literal   V  (.-utricle. 


size,  as  in  leucocythaemia,  in  which  disease  the  effusion  may  be  a  1 
localised  one,  which  may  destroy  the  brain-tissue  very  extensively. 

Sites  of  Cerebral  Haemorrhage. — The  commoner  situations  in  which 
haemorrhage  takes  place  are,  according  to  Greenfield,  in  order  of  im- 
portance, as  follows  : — 

1.  In  the  vicinity  of  the  basal  ganglia  (75  pel  cent.),  at  the  upper 
part  of  the  external  capsule:  also  towards  the  upper  and  outer  part 
of  the  lenticular  nucleus:  or  in  the  adjoining  part  of  the  internal 
capsule — from  any  of  which  points  it  may  spread  and  involve  the 
centrum  ovale,  or  destroy  the  basal  ganglia  and  burst  into  the  lateral 
ventricles. 
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2.  In  the  pons  (10-12  per  cent.),  where  also  pigmented  areas,  repre- 
senting the  situations  in  which  haemorrhage  had  previously  taken  place, 
are  often  seen  in  cases  of  Bright's  disease  or  in  general  arterio-sclerosis. 

3.  In  the  meninges  (12  per  cent. — already  considered). 

4.  In  the  cerebellum  (1  per  cent,  or  less). 

Ventricular  haemorrhage  is  almost  invariably  secondary  to  haemorrhage 
into  the  substance  of  the  brain,  and  originates  from  the  smaller  branches 
of  the  anterior  and  the  posterior  cerebral  arteries — the  former  at  the  tip 
of  the  caudate  nucleus,  the  latter  at  the  posterior  end  of  the  optic 
thalamus — or  from  the  middle  cerebral,  the  blood  ploughing  its  way 
through  the  lenticular  nucleus.  Gowers  states  that  it  may  occur  as  a 
result  of  rupture  of  an  aneurism  on  the  choroid  plexus. 

The  characters  of  the  haemorrhage. — The  amount  of  the  haemorrhage 
depends,  to  a  certain  extent,  on  the  size  of  the  ruptured  vessel  and  on 
the  nature  of  its  support  and  surroundings.  If  rupture  takes  place  into 
the  white  matter  of  the  centrum  ovale,  the  blood  tends  to  spread  very 
widely,  whereas,  in  the  case  of  rupture  into  the  internal  capsule,  the 
spread  may  be  less  extensive.  The  brain -tissue  is  ploughed  up  and  con- 
tused, and,  as  evidence  of  contusion,  numerous  minute  punctate  haemo- 
rrhages are  seen  in  the  softened  brain -tissue  around  the  larger  haemorrhage. 
There  may  be  some  oedema  following  the  haemorrhage,  and  this  may 
increase  the  area  of  damage  to  the  brain -tissue.  A  series  of  haemorrhages 
may  occur  at  different  times,  either  from  the  same  vessel  or  from  vessels 
around  the  primary  haemorrhagic  area.  These  haemorrhages  sometimes 
coalesce  and  produce  more  or  less  extensive  destruction  of  the  brain-tissue. 

If  the  haemorrhage  does  not  prove  fatal,  partial  absorption  takes 
place.  The  haemoglobin  is  freed  from  the  red  cells,  part  of  it  is  trans- 
formed into  haemosiderin  and  part  is  deposited  as  haematoidin  crystals. 
Granulation-tissue  is  formed — the  connective -tissue,  however,  is  usually 
scanty.  The  surrounding  neuroglial  tissue  also  proliferates  to  a  limited 
extent,  and,  finally,  there  is  produced  a  pseudocyst  filled  with  fluid, 
and  having  for  its  wall  the  proliferated  connective  and  neuroglial  tissue. 
Some  contraction  of  the  brain -tissue  in  the  neighbourhood  usually  follows. 
Acute  inflammatory  softening  may  occur  round  the  old  haemorrhage. 

Haemorrhage  from  the  middle  cerebral  artery. — Of  the  branches  of  the 
middle  cerebral  artery  which  pass  through  the  anterior  perforated  space, 
some  are  given  off  directly  into  the  substance  of  the  lenticular  nucleus. 
One,  the  lenticulo-striate  (fig.  437,  4),  passes  between  the  lenticular 
nucleus  and  the  claustrum,  and  enters  the  caudate  nucleus.  Rupl  ore  of  1  he 
latter  vessel  is  of  such  frequent  occurrence  that  it  has  been  termed  "  the 
artery  of  cerebral  haemorrhage."  The  starting-point  of  the  hemorrhage 
from  this  vessel  is  very  frequently  in  the  external  capsule  or  the  outer 
part  of  the  lenticular  nucleus,  the  blood  ploughing  its  way  into  the 
lenticular  nucleus,  and  reaching  even  as  far  as  t  be  lateral  ventricles.  If  the 
haemorrhage  in  these  situations  is  near  the  anterior  end  of  the  nucleus,  it 
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may  spread  into  the  centrum  ovale.  Haemorrhage  in  the  region  of  the 
claustrum  is  not  uncommon,  and  forms  a  barrier,  often  linear  in  out- 
line, separating  the  lenticular  nucleus  from  the  island  of  Reil.  Haemorrhage 
into  the  internal  capsule  is  sometimes  secondary  to  these  more  external 
haemorrhages,  though  rupture  of  the  lenticulo-striate  branch  may  involve 
primarily  the  motor  part  of  the  capsule,  i.e.  the  genu  and  the  anterior 


Fio.  437. — Diagrammatic  View  of  the  Basal  Ganglia  and  their  Blood-Supply, 
seen  in  coronal  section. 

a,  Island  of  Reil.  b,  Claustrum.  c,  External  Capsule.  d,  Nucleus  Lenticularis. 
e,  Internal  Capsule.  /,  Nucleus  Caudatus.  g,  Optic  Thalamus.  h.  Nucleus  Amygdala?. 
j,  Corpus  Callosum.  k,  Lateral  Ventricle.  /,  Fornix,  m,  Anterior  Commissure.  n, 
Optic  Chiasm  a. 

1.  Internal  Carotid  Artery.  2.  Middle  Cerebral  Artery.  3.  Posterior  Cerebral  Artery. 
4.  Lenticulo-striato  Artery. "  The  "  dotted  "  part  represents  the  area  in  which  haemo- 
rrhage usually  occurs — the  three  darker  spots  in  this  area  representing  the  common  sites 
of  origin  of  the  haemorrhage. 

two-thirds  of  the  posterior  limb ;  whilst  haemorrhage  from  the  lenticulo- 
optic  branch  may  spread  to,  and  destroy,  the  sensory  fibres  in  the  posterior 
third  of  the  posterior  limb  of  the  capsule. 

Haemorrhage  from  the  anterior  cerebral  artery. — The  branches  of 
this  artery  which  especially  give  rise  to  cerebral  haemorrhage  are  those 
which  supply  the  anterior  part  of  the  caudate  nucleus,  more  particularly 
the  part  projecting  into  the  lateral  ventricles.  Thus,  this  artery  is  the 
commonest  source  of  ventricular  haemorrhage,  which,  however,  also 
results  from  rupture  of  the  branch  of  the  posterior  cerebral  artery 
which  supplies  the  optic  thalamus. 
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Fig.  438. — Large  Cerebral  Haemorrhage  into  the  Region  of  the  Internal 
Capsule  and  Basal  Ganglia. 


Fig.  439. — Haemorrhage  at  the  posterior  part  of  the  Lenticular  Nucleua  and 
Internal  Capsule  with  Kupturo  into  both  Lateral  Ventricles. 
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Haemorrhage  into  the  pons  comes  next  in  frequency  to  haemorrhage 
into  the  basal  ganglia.  The  haemorrhage  may  be  large,  and  may  destroy 
a  considerable  portion  of  the  substance  of  the  pons.     Minute  haemorrhages 

are,  however,  of  commoner  occurrence. 
Haemorrhage  into  the  cerebellum  is 
extremely  rare. 

Effects  of  Haemorrhage. — Large 
haemorrhages  are  usually  fatal;  but, 
if  the  haemorrhage  is  small,  and  no 
vital  centre  is  involved,  recovery  may 
take  place.  A  pigmented  area,  in  some 
cases  with  the  formation  of  a  small 
cavity,  possessing  a  definite  wall, 
Fig.  440.— Haemorrhage  into  the  Pons.        — the  result  of   connective-tissue  and 

neuroglial-tissue     proliferation  — may 
remain  as  the  only  sign  of  the  previous  haemorrhage. 

As  a  result  of  haemorrhage  with  destruction  of  brain-substance, 
secondary  degenerations  supervene — their  nature  and  localisation,  and 
the  cerebral  and  spinal  nerve-tracts  in  which  they  occur,  depending  on  the 
position  and  the  extent  of  the  haemorrhage ;  but,  as  the  study  of  these 
involves  anatomical  and  physiological,  rather  than  pathological,  details 
we  do  not  think  it  necessary  to  enter  into  the  discussion  of  them. 

INFLAMMATION   OF   THE   BRAIN  :— 

(a)  ACUTE  INFLAMMATION  (ENCEPHALITIS),  as  a  primary 
condition,  is  rare.  Though  usually  secondary  to  an  acute  inflamma- 
tion of  the  membranes,  or  to  a  local  reaction  round  clots,  tumours, 
chronic  abscesses,  or  injuries,  a  primary  encephalitis  has  been  described 
as  occurring  in  cases  of  scarlet  fever,  measles,  influenza,  pneumonia, 
whooping  cough,  mumps,  diphtheria,  cerebro-spinal  meningitis  and  other 
diseases  of  a  similar  nature.  The  tissue  affected  is,  in  the  early  stages, 
red  and  injected,  owing  to  the  dilatation  of  the  small  vessels.  Minute 
haemorrhages  may  be  present,  and  there  may  be  well-marked  localised 
oedema.  The  inflammatory  area  soon  becomes  soft  and  diffluent,  and 
assumes  a  yellowish  colour.  On  microscopical  examination,  collections  of 
polymorphonuclear  leucocytes  are  seen,  and  destructive  changes  in  the 
nerve-cells  and  fibres  are  present.  These  pathological  conditions  are.  as  a 
rule,  found  as  irregular  foci  and  nol  widely  scattered  throughout  the  brain. 

Epidemic  Encephalitis  (Encephalitis  Lethargica). — In  this  disease,  in 
which  the  cardinal  Bymptomfl  are  lethargy,  general  asthenia,  muscular 
rigidity,  and  cranial  nerve-palsies,  Marinesco  states  thai  there  are.  visible 
to  the  naked  eye,  disseminated  punctiform  haemorrhages  in  the  grey 
matter  of  the  floor  of  the  fourth  ventricle,  the  aqueduct  of  Sylvius,  and 
even  in  the  third  ventricle.  They  are  found  also  in  the  posterior  part 
of  the    pons   and  of   the   peduncles.     In   the  pons,   the  medulla,   the 
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peduncles,  and  in  the  first  segment  of  the  spinal  cord,  he  describes  four 
kinds  of  lesions. 

(1)  An  infiltration  of  lymphocytes  and  plasma-cells  in  the  adventitia 
of  the  small  vessels,  especially  the  veins. 

(2)  Foci  of  interstitial  inflammation  in  which  there  is  some  prolifera- 
tion of  the  neuroglial  cells  at  the  roots  of  the  nerves,  e.g.  hypoglossal, 
pneumogastric. 

(3)  Various  lesions  of  the  nerve-cells — gradual  disintegration  and 
disappearance  of  the  Nissl-bodies,  fragmentation  of  the  nucleus, 
(karyorrhexis  and  pyknosis),  vacuolation  of  the  cytoplasm,   etc. 


Fig.  441. — Encephalitis   Lcthargica.     Section  of   brain  shewing  thrombosed  vessels  and 
haemorrhage.     (Lent  by  L>r.   Watson,  Rainhill  Asylum,  Liverpool.)      x  100. 


(4)  Foci  of  hsemorrhage,  to  which  reference  has  already  been 
made. 

Mott  regards  this  disease  as  an  acute  inflammation  of  the  peri- 
vascular lymphatics,  characterised  by  haemorrhages  in  the  pons,  the 
medulla,  the  peduncles  and  around  the  third  ventricle.  In  the  lymphatic 
sheaths  of  the  arteries  and  veins,  in  addition  to  lymphocytes  and  plasma- 
cells  (figs.  442  and  443),  there  are  large  numbers  of  polymorphonuclear 
leucocvtes  which  are  found  in  the  tissues  Bunounding  the  vessels,  as  well 
63 
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as  in  the  adventitia.    There  is  proliferation  of  the  neuroglial  cells  around 
the  vessels  and  in  the  adjacent  nervous  tissue. 

Some  cases  have  been  described  where  the  small-celled  perivascular 
infiltration  was  present  in  the  posterior  horns  of  the  cervical  and  lumbar 
cord.  No  definite  causal  organism  has  been  found,  though  some  writers 
regard  the  condition  as  a  polio  -encephalitis,  and  the  virus  as  analogous 


Fig.  442. — Cerebral  Ccrlcz.  From  a  case  of  Encephalitis  Lethargica  of  four  weeks'  duration, 
shewing  perivascular  infiltration  with  small  round  cells  and  also  congestion  (dark 
lines).  (Lent  by  Dr.  J.  G.  Greenfield,  National  Hospital  for  Paralysis  and  Epilepsy.) 
X50. 

to,  if  not  identical  with,  the  virus  of  poliomyelitis.  Buzzard  and 
J.  G.  Greenfield  x  state  that — 

"  (1)  Vascular  congestion  has  been  the  most  striking  feature  of  all 
the  cases  examined  within  the  first  few  weeks  of  the  onset  of  symptoms. 
It  affects  all  the  vessels  down  to  the  smallest  capillaries  (fig.  442). 

"  (2)  The  changes  hi  the  nerve  cells  are  extremely  constant,  but  they 
are  by  no  means  universal.  Some  of  the  nuclei  of  the  brain  stem  may 
shew  very  little  change  when  others  close  to  them  have  many  cells 
affected.  In  general  only  a  few  of  the  nerve  cells  of  a  nucleus  or 
area  are  affected,  but  all  may  shew  some  degree  of  alteration.  These 
changes,  which  have  been  well  described  by  Marinesco,  are  perinuclear 

1  Buzzard  and  Greenfield,  Brain,  Vol.  XLII.,  Pait  IV.  1919,  pp.  305  el  seq. 
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chromatolysis,  eccentricity  of  the  nucleus  (figs.   433  and  455),   excess 
of  pigment,  and,  perhaps  most  constant  of  all,  neuronophagy.1 

"  (3)  It  seemed  clear  that  the  cells  taking  part  in  this  neuronophagy 
were,  for  the  most  part,  derived  from  the  mesoblastic  elements,  many 
being  closely  allied  to  plasma  cells.  They  resembled  in  every  respect 
the  rows  of  round    cells  which  could  be  seen  in  the  same  field  lying 


Fig.  443. — Encephalitis  Lethargica.  Shewing  dilated  vessels,  areas  of  haemorrhage,  and 
perivascular  increase  in  cells.  (Lent  by  Dr.  Watson,  Rainhill  Asylum,  Liverpool.) 
X  50. 

along  the  outside  of  the  capillary  walls.  Their  cytoplasm  is  free  from 
granules,  and  its  outer  border  is  rounded  and  clearly  defined,  and  they 
occur  at  a  stage  of  the  disease  when  there  is  little  evidence  of  glial 
proliferation.  They  were  seen  in  large  numbers  among  the  nerve  cells  of 
the  most  affected  nuclei,  and  to  a  less  extent  throughout  all  the  nervous 
tissue.  In  some  parts  of  the  cortex,  and  in  a  few  of  the  nuclei  of  the  brain 
stem,  almost  every  nerve  cell  had  several  such  cells  in  close  relation  to  it. 
"  In  one  or  two  of  the  cases  which  shewed  the  greatest  changes  there 
1  Absorption  of  the  nerve-dements  by  phagocytic  cells. 
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are  small  collections  of  such  cells  in  some  parts  of  the  pons  and 
mid-brain.  But  dense  clusters  of  cells  such  as  those  which  invade  the 
anterior  horns  of  the  cord  in  cases  of  poliomyelitis  were  never  seen. 

"  (4)  Round-celled  perivascular  infiltration  (fig.  442)  was  present 
to  a  greater  or  less  degree  in  all  the  cases  examined  within  the  first  month 
or  two  of  the  onset  of  symptoms.    But  in  two  cases  it  was  so  inconspicuous 


Fio.  444. — Encephalitis  Ltthuryicu.    Shewing  dilated  and  thrombosed  vessel  (the  wall  of  the 
I  has  retracted  from  cortical  tissue  daring  preparation  of  section).     (Lent   by 
Dr.  Watson,  Rainhill  Asylum,  Liverpool.)         50. 


a  feature  that  a  careful  search  was  necessary  to  find  any  vessel  which 
shewred  this  change.  It  is  not  nearly  so  universal  as  is  the  infiltration 
of  the  tissues  with  plasma  cells  and  lymphocytes,  and  is  always  patchy; 
either  it  picks  out  only  a  few  vessels,  or  when  the  majority  are  affected 
they  shew  great  variety  in  the  thiol  the  cuff  of  cells  with  which 

they  are  surrounded.  These  cells  may  obviously  either  be  Leaving  the 
blood-vessel  or  returning  to  it.  Several  observations  tend  to  support  the 
theory  that  the  majority  of  these  cells  are  on  their  way  back  to  the  w 
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"  (5)  In  most  of  the  cases  there  was  some  evidence  of  glial  prolifera- 
tion, but  this  formed  a  conspicuous  feature  in  only  one  case.  This 
patient  died  at  the  end  of  the  sixth  week  of  the  disease  and  shewed 
the  typical  changes  of  the  disease  in  an  extreme  degree.  In  the  sub- 
cortical layers  there  was  a  great  proliferation  of  neuroglial  cells,  shewing 
themselves  as  large  irregular  cells,  with  long  fleshy  processes,  and  one 
or  more  oval  nuclei  lying  near  the  margin  of  the  cell." 

Venous  thrombosis  with  hasmorrhage  (figs.  433  and  444),  they  state, 
were  sufficiently  common  to  deserve  mention.  A  normal  cerebro-spinal 
fluid  is  the  rule,  but,  in  some  cases,  an  increase  of  lymphocytes  has 
been  found.  Barker1  reports  an  almost  constant  increase  in  the 
amount  of  sugar  in  15  cases  examined.  The  variations  in  the  cerebro- 
spinal fluid  are  due  possibly  to  the  extent  and  the  situation  of  the 
encephalitis. 


Fig.  445. — Cerebral  Abscesses.  The  lower  one,  in  the  temporo-sphenoidal  lobe,  was 
due  to  infection  through  the  roof  of  the  tympanic  cavity  and  dura  in  a  case  of  disease 
of  the  middle  ear. 

(b)  SUPPURATIVE  INFLAMMATION  (ABSCESS).— Two  forms  of 
suppurative  inflammation  occur  in  the  brain — one,  due  to  the  carriage 
of  organisms  to  the  brain  by  the  blood-stream  in  cases  of  pyaemia,  the 
other,  due  to  local  extension  from  inflammatory  foci  in  the  parts  around. 

1 .  Pyaemic  abscesses  are  usually  multiple,  and  may  occur  in  any  part 
of  the  brain.  They  are  not  common,  but  may  be  found  more  especially 
as  a  secondary  complication  of  abscesses,  or  of  suppuration  in  bronchi- 
ectatic  or  other  cavities,  in  the  lung,  and  in  suppurative  conditions  of  the 
pleura.  Abscesses  sometimes  occur  from  septic  embolism,  in  cases  of 
ulcerative  endocarditis. 

2.  Abscesses  due  to  direct  extension.--  The  most  typical  example  of  this 
condition  is  the  abscess  which  follows  suppurat  ivc  disease  of  the  middle  ear, 
The  infection  may  spread  directly  upwards,  causing  destructive  changes  in 

1  L.  C.  Barker  and  Collaborators,  Amer.  Jour.  Med.  8c,  Feb.,  March,  1920. 
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the  bone  and  dura  over  the  tympanic  cavity,  and  the  production  of  an 
abscess  in  the  temporo-sphenoidal  lobe ;  or  it  may  spread  backwards  to  the 
mastoid  antrum  and  cells,  producing  septic  phlebitis  and  thrombosis  of 
the  lateral  sinus,  and  abscess-formation  in  the  cerebellum  or  cerebrum. 
Occasionally,  in  middle-ear  disease,  abscesses  develop  in  the  above- 
mentioned  positions,  with  no  apparent  naked-eye  involvement  of  the 
dura  or  of  the  bone  forming  the  roof  of  the  tympanic  cavity.  In  such 
cases,  the  infective  material  may  be  carried  by  lymphatics  or  possibly 
by  small  anastomising  blood-vessels,  especially  minute  veins. 

Abscesses  in  the  brain  may  also  arise  by  direct  spread  from  the  bone 
or  from  the  dura-mater — a  subdural  abscess  being  first  formed,  and  this 


Fio.  446. — Section  of  the  Medulla.    From  a  case  of  Insular  Sclerosis,  shewing  Areas 
of  Sclerosis  (palo  parts).     ( Pa  1-Weigert  Method.)     X  3. 


involving  the  brain  secondarily.  Or,  the  septic  material  in  the  bone 
may  spread  by  the  veins  or  the  venous  sinuses,  in  the  form  of  an  infective 
thrombo-phlebitis.  Injuries  to  the  head,  especially  compound  fractures, 
and  diseases  of  the  nose  and  orbit,  are  also  not  infrequent  causes  of  the 
formation  of  cerebral  abscesses. 

Characters  of  the  Abscesses.  -In  size,  they  vary  considerably,  and, 
in  the  more  typical  adary  to  disease  of  the  middle 

ear — the  pus  is  usually  greenish  in  colour,  of  a  thick  creamy  consist. 
and  exhales  a  putrid  odour.    The  ah  ommonly  somewhat  chronic. 

is  bounded  by  a  distinct  wall  or  "membrane"  formed  of  granulation- 
tissue,  generally  enlarges  gradually,  and  sometimes  bursts  into  the 
lateral  ventricles  or  on  the  surface  of  the  brain. 
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Actinomycotic,  and  also  rarer  forms  of  Streptothricial,  abscesses  may 
occur. 

{d)  CHRONIC  ENCEPHALITIS.— Under  this  term  are  described 
various  forms  of  sclerosis  of  the  brain,  to  which  only  brief  reference  need 
be  made.  Some  of  these  are  inflammatory  in  nature,  whilst  others  are 
purely  degenerative. 

(i)  Disseminated  or  Insular  Sclerosis.— The  cause  of  this  condition  is 
unknown,  but  it  has  been  found  in  association  with  some  of  the  acute 
infective  diseases,  especially  influenza,  typhoid  fever,  smallpox,  and  scarlet 
fever.    The  causal  connection  of  these  diseases  with  it  has  not  been  clearly 


Fig.  447. — Thickening  of  the  Pia  arachnoid.    From  a  case  of  General  Paralysis  of  the 
Insane.     (Lent  by  Drs.  Watson  and  Bigland,  Liverpool.)      x  50. 


established  and  the  condition  certainly  occurs  independently  of  them.  It 
is  characterised  by  the  occurrence  of  irregular  patches  of  chronic  inflam- 
mation or  degeneration  in  the  white  matter  beneath  the  cortex,  in  the 
centrum  ovale,  in  the  corpus  callosum.  in  the  grey  matter  of  the  basal 
ganglia,  and  in  the  pons,  the  medulla  and  the  spinal  cord  (wefigs.  1 1»>,460, 
and 461).  A  more  detailed  account  of  the  appearances  will  be  found  in  del 
Diseases  of  the  Spinal  Cord  {see  p.  1005).  The  irregular  distribution  of 
the  sclerosed  patches  in  the  cord,  medulla,  pons,  peduncles,  cerebrum,  and 
cerebellum,  is  the  explanation  of  the  very  varied  clinical  manifestations 
of  the  disease.  In  Huntington's  chorea,  a  form  <>f  Bclerosis,  the  i 
of  the  anterior  and  middle  regions  of  the  brain  is  mainly  invoh 
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(ii)  General  Paralysis  of  the  Insane. — This  disease  is  now  regarded  as  a 
late  manifestation  of  syphilis.  Spirochete  pallida  has  been  demonstrated 
in  the  lesions,  and  the  Wassermann-reaction  is  usually  positive  with 
the  cerebro-spinal  fluid.  During  the  acute  period,  the  brain  is  swollen ; 
and  hyperaemia,  and  multiple  foci  of  leucocytic  infiltration  and  capillary 
haemorrhages,  are  observed.  In  the  chronic  stage,  there  is  thickening  of 
the  membranes,  with  degeneration  and  atrophy  of  brain-substance.  The 
pia-arachnoid  is  frequently  thickened  and  cedematous  (figs.  447  and  448), 


Fig.  448. — General  Paralysis  of  the  Insane.  Section  through  a  cortical  sulcus,  showing 
thickening  and  congestion  of  the  pia-arachnoid,  an  I  glial  proliferation.  (Lent  by 
Drs.  Watson  and  Bigland,  Liverpool.)     x  200. 

the  fluid  in  the  meshes  occurring  mainly  over  the  parietal  and  occipital 
lobes.  The  pia  is  adherent  to  the  convolutions,  which  are  irregularly 
atrophied.  The  dura-mater  is  very  much  thickened,  and  usually  unduly 
adherent  to  the  bones  of  the  skull.  Chronic  haemorrhagic  pachymeningitis 
is  very  liable  to  occur  (see  p.  952).  Arteriosclerotic  changes,  especially 
in  the  basilar  arteries,  are  noted. 

On  section,  the  brain  is  usually  osdematous,  and  the  lateral  ventri- 
cles dilated.  On  microscopical  examination,  the  nerve-cells  are  found  to  be 
especially  affected.  The. nucleus  and  the  granules  disappear,  and  the  cell- 
body  undergoes  atrophy.  The  myelin-sheath  of  the  white  fibres  becomes 
more  or  less  disintegrated,  and  a  neuroglial  proliferation  (figs.  448,  449  and 
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450),  with  increase  of  the  nuclei,  takes  place.  The  spider-cells  are  increased, 
and  there  is  proliferation  of  the  glial  cells.  The  blood-vessels  shew 
thickening  of  their  walls,  the  inner  as  well  as  the  outer  coat  undergoing 
proliferation.  The  perivascular  tissues  are  infiltrated  with  small 
lymphocyte-like,  and  plasma-,  cells.  All  these  changes  are  best  seen  in 
the  cortex,  but  may  also  be  found  in  the  basal  ganglia,  pons,  and  medulla. 

TUBERCULOSIS  OF  THE  BRAIN— apart  from  tuberculous  meningitis, 

already  described  on  p.  957,  and  in  which  a  certain  degree  of  involve- 


***. 


Fig.  449. — General  Paralysis   of  the  Insane.      Outer  layer  of   cerebral  cortex,  shewing 
marked  glial  proliferation.      X  50.     (Lent  by  Drs.  Watson  and  Bigland,  Liverpool.) 


ment  of  the  brain  substance  itself  may  supervene  — occurs  in  the  form  of 
irregular  tumour-like  nodules,  which  are  found  in  any  part  of  the  brain, 
but  are  commonest  in  the  cerebellum.  They  are  single  or  multiple,  and 
vary  much  in  size,  sometimes  reaching  an  inch  or  more  in  diameter.  They 
occur  especially  in  young  people,  and  on  naked-eye  examination,  are  clearly 
outlined  and  shew  a  yellowish  caseous  centre.  On  microscopical  examina- 
tion, the  nodule  is  composed  of  an  amorphous  oaseoua  mass,  with  a 
peripheral  zone  of  giant-celled  tubercle  granulations,  which  gradually 
merge  into  the  surrounding  brain-substance.  Those  tumours  may  I 
the  surface  and  give  rise  to  tuberculous  meningitis;  or.  In-  pressure  on  the 
straight  sinus  or  on  the  veins  of  Galen,  cause  dilatation  of  the   lateral 
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ventricles  and  chronic  hydrocephalus.    They  may  also  lead  to  serious 
results  by  infiltrating  or  pressing  upon  important  parts  of  the  brain. 

SYPHILIS  OF  THE  BRAIN.— Syphilitic  disease  of  the  membranes 
(meningitis,  gummatous  formation,  and  arteritis)  has  been  dealt  with  on 
p.  959.  A  gumma  of  the  membranes  sometimes  extends  into  the  substance 
of  the  brain,  but  primary  gummata  are  found  also  in  the  brain-substance, 


£'r  r 
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In;.  450. — Cerebral  Cortex  from  a  case  of  General  Paralysis  of  the  Insane.     Shewing  pro- 
liferation of  glia.      X  300.     (Lent  by  Drs.  Watson  and  Bigland,  Liverpool.) 


e.g.  in  the  corpus  callosum,  in  the  basal  ganglia,  in  the  pons,  and  the 
medulla.  The  walls  of  the  vessels,  in  such  cases,  are  generally  thickened. 
and  a  periarteritis  is  common.  This  periarteritis  is  evidenced  by  the 
large  number  of  mononucleated  cells  in  and  around  the  walls  of  the 
vessels.  Periarteritis  nodosa  (p.  554)  is  a  manifestation  of  syphilis  and 
may  occur  in  the  brain.  Small  oi  miliary  gummata  may  be  scattered 
throughout  the  brain;  but  multiple  patches  undergoing  sclerosis. 
due  to  diffuse  syphilitic  granulation-tissue  formation,  are  not  common. 
The   gummata    may   press  upon,   or   infiltrate    the  cranial   and   spinal 
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nerves;    and  the   arterial  degeneration   may  lead  to   thrombosis   and 
softening  of  the  brain. 

Locomotor  ataxia  (p.  1007)  and  General  Paralysis  of  the  Insane  (p.  984) 
are  now  generally  regarded  as  a  sequel  of  syphilis. 

TUMOURS  OF  THE  BRAIN.— The  commonest  tumours  of  the  brain  are 
gliomas  and  sarcomas.  The  glioma  of  the  brain  is  usually  an  infiltrating 
tumour,  and,  on  section,  it  is  often  difficult  or  impossible  to  make  out 
any  line  of  demarkation  between  the  tumour  and  the  brain-substance, 
Haemorrhage  into  it  is  frequent.  On  microscopical  examination,  the 
tumour  is  composed  of  rounded  or  somewhat  irregular  cells,  with  or 


Fig.  451. — Glioma  of  the  Bra 

without  branching  processes — the  cells  being  embedded  in  a  granular. 
homogeneous,  or  finely-fibrillated  ground-substance,  which  sometirj 
mucoid  in  character,  and  hence  the  designation  of  myxoglioma.  Such 
tumours  exhibit  all  degrees  of  malignancy.  Some  are  comparatively 
simple,  whilst  others  rapidly  infiltrate  the  surrounding  tissues,  but 
metastases  resulting  from  them  are  uncommon.  Though  these  malignant 
forms  are  classified  as  malignant  hylomata,  they  are  practically  identical 
in  their  characters  with  other  forms  of  sarcoma.  Gliomas  also  occur  in 
the  retina. 

Sarcoma  of  the  brain  is  usually  of  the  round-celled  type,  and  presents 
no  special  characters  in  this  tissue  as  distinguished  from  sarcomas 
elsewhere. 
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Myxomas,  flbromas,  and  psammomas,  occur,  but  these  have  been 
sufficiently  described  under  Tumours  (see  pp.  288  and  339). 

A  neoplastic  formation  due  to  a  developmental  intermingling  of  nerve- 
cells  "  dislocated  "  from  their  proper  environment,  with  consequent  over- 
growth of  neuroglia  in  the  affected  areas,  has  been  described  under  the 
term  tuberose  sclerosis.  The  growths  are  multiple  and  found  specially 
in  the  cortex.  They  are  associated  with  congenital  tumours  in  the 
brain,  heart,  kidneys,  skin,  and,  less  commonly,  in  other  organs.  An 
interesting  report  of  a  case  is  given  by  Fowler  and  Carnegie  Dickson.1 

Cancers. — Primary  Cancer  is  rare,  but  may  occur  in  connection  with 
the  ependymal  lining  of  the  ventricles  or  of  the  pineal  body  (see  p.  861). 
Secondary  cancer  is  also  rare.  Endo-  or  Meso-theliomas,  secondary  to 
tumours  of  the  lung,  as  well  as  hypernephromata  and  chorion-epithelioma, 
have  been  described. 

Cholesteatoma  or  "  Pearl-Tumour,"  which  occurs  occasionally  in  the 
membranes,  is  excessively  rare  in  the  substance  of  the  brain.  It  is  com- 
posed mainly  of  laminated  layers  of  squamous  epithelial  cells,  and  con- 
tains usually  a  central  mass  of  cholesterol-crystals.  It  is  supposed  to 
originate  from  the  ependyma  of  the  ventricles.  Ziegler  mentions  the 
presence  of  small  hairs  in  these  tumours,  and  regards  them  as  dermoids. 

PARASITES  :— 

Echinococcus-cysts  are  not  infrequent,  especially  in  Australia  ;  and 
Cysticercus  cellulosce,  the  immature  or  bladder- worm  stage  of  Tcnua 
solium,  has  also  been  found  in  the  brain.  In  cases  of  malignant  malaria 
the  parasites,  and  considerable  accumulations  of  pigment,  may  be  found 
in  the  capillaries. 

Secondary  Entamoebic  abscesses,  as  a  complication  of  tropical 
dysentery,  have  been  described,  and,  in  these,  the  Entamoeba  histolytica 
has  been  found. 

DISEASES  OF  THE  CRANIAL  NERVES  :— 

The  cranial  nerves  are  pressed  upon  and  infiltrated  by  tuniour- 
growth,  by  tuberculous  meningitis  or  by  syphilitic  meningitis  or  gummata; 
and  inflammatory  or  degenerative  changes  may  result.  The  nature  of 
these  changes  will  be  described  later  under  Peripheral  Nerves,  p.  1013. 

Optic  Neuritis. — Inflammation  in  the  optic  nerve  may  occur  at  any 
part  of  its  course,  and  may  affect  the  connective  tissue  between  tin4  ip 
bundles  (interstitial  neuritis)  or  the  nen  h  (perineuritis). 

In  interstitial  neuritis,  the  cellular  exud  upon  the  i 

fibres,  and,  as  the  inflammatory  exudi  ►mmonly  in 

irregular  areas  (islets),  special  bundles  <»f  nerve-fibres — e.g.  the  macular 

1    ••  Tul  ultr  ami  I 

Med.,  vol.  n..  1910,  p.  13, 
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Fig.  452. —  Tuberose  Sclerosis.  Shewing  the  nodules  of  tumour  in  the  brain.  In  on  lei  to 
indicate  these  more  clearly,  their  position  is  shewn  in  black  in  the  outline  sketch 
above.     Note  the  small  nodules  in  the  walls  of  the  lateral  ventri  roll  is  the 

larger  masses  in  the  grey  and  white  matter  towards  the  surface  "f  the  hemisphi 

(Fowler  and  Carnegie  Dickson's  OS 
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bundle — are  not  infrequently  implicated.  The  nerve-fibres  undergo 
degeneration— the  medullary  sheaths  become  broken  up  into  fatty 
globules,  and  the  axis-cylinders  become  varicose  and,  finally,  disintegrate. 

In  perineuritis,  the  exudation  takes  place  into  the  nerve-sheath,  and 
is  usually  the  sequel  of  an  inflammation  spreading  from  the  meninges. 

In  both  forms,  cicatricial  contraction  may  follow,  and  secondary 
degenerative  changes  in  the  whole  nerve,  leading  to  optic  atrophy,  may 
ensue. 

Inflammation  of  the  nerve  below  the  entrance  of  the  retinal  vessels 
causes  pressure  on  the  retinal  vein,  and  is  followed  by  oedema  of  the  nerve- 
head  and  surrounding  retina.  This  condition- — papillitis — is  frequently 
accompanied  by  haemorrhages  into  the  retina.  The  fluid  exudate  collects 
between  the  nerve-fibres,  and,  as  the  disease  progresses,  the  axis-cylinders 
in  the  neighbourhood  of  the  papilla  become  broken  up.  The  exudate 
may  spread  over  the  surrounding  retina.  Secondary  sclerosis  in  the  retinal 
vessels,  with  retinal  degeneration,  may  occur. 

Pressure  upon  the  nerve  at  its  entrance  into  the  globe,  by  fluid 
collecting  in  the  nerve-sheath,  may  cause  obstruction  to  the  venous 
return,  and  thus  produce  an  intense  oedema  of  the  papilla — a  condition 
known  as  choked  disc. 
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DISEASES   OF  THE   SPINAL   CORD  AND   ITS 
MEMBRANES 

Normally,  the  sub-arachnoid  space,  the  ventricles  of  the  brain,  and  t  h<1 
central  canal  of  the  spinal  cord,  form  a  continuous  lymph-space.  The 
central  canal  of  the  cord  presents  considerable  variations.  Typically, 
it  is  a  narrow  slit  lined  with  cylindrical  ependymal  epithelium,  outside 
which  is  a  cellular  layer  of  neuroglia. 

Under  pathological  conditions,  the  canal  may  be  widened  or  obliterated . 
As  in  the  brain,  dropsy  of  the  cord  may  occur — the  accumulation  of  fluid 
being  either  in  the  meninges  or  in  the  central  canal .  The  latter  form  is  called 
Hydromyelia.  Cavities  are  sometimes  found  in  the  cord,  which  do  not  com- 
municate with  the  central  canal,  but  which  have  a  similar  structure.  These 
probably  arise  from  the  original  canal  in  the  process  of  its  development. 

CONGENITAL  ABNORMALITIES  :— 

(a)  SYRINGOMYELIA  is  essentially  the  presence,  in  the  spinal  cord, 
of  a  cavity  or  cavities  not  completely  lined  with  cylindrical  epithelium. 
Various  hypotheses  have  been  propounded  to  explain  the  conditions 
which  are  found,  but  we  do  not  propose  to  deal  with  these,  as  we  regard 
the  disease  as  a  congenital  defect  in  the  development  of  the  spinal  cord. 
The  cord  is  often  very  irregular  in  shape ;  the  cervical  region,  especially, 
may  be  enlarged  and  flattened,  though  the  upper  dorsal  region  also  may 
shew  similar  changes.  The  abnormality  sometimes  extends  upwards 
to  the  medulla  and,  rarely,  to  the  pons.  The  cavity  in  the  cord  may 
be  single,  or  two  cavities  may  be  present  side  by  side.  In  some  cases, 
the  diameter  of  the  cavity  is  very  small,  while  in  others,  the  cavity 
is  not  apparent.  On  section,  a  mass  of  gelatinous  material,  pale  or 
translucent,  is  seen  surrounding  the  cavity.  On  microscopical  ex- 
amination, this  gelatinous  area  is  found  to  be  composed  of  proliferated 
neuroglial  tissue,  varying  considerably  in  amount  in  different  c 
and  at  different  levels  in  the  same  case.  It  forms  a  thin  layer  lining 
a  large  cavity,  or  a  thick  layer  with  a  very  small  .slit -like  cavity  in 
the  centre,  or  a  dense  layer  without  any  evidence  of  cavitation.  This 
gliomatous  tissue — is  composed  of  varying  proportions  of  neun 
cells  and  fibres.  Areas  of  degeneration  aiv  Bometimea  present,  and, 
in  these  areas,  both  nerve-cells  and  nerve-fibres  may  be  extensively 
degenerated.  The  nerve-roots,  especially  the  anterior  spinal 
the  cervical  enlargement,  are  also  usually  involved;  and  secondary 
degeneration  of  the  nerve-tracts — sclerosis  of  the  pyramidal  tracts. 
posterior  columns  and  ascending   antero-lateral   tracts — is   a   frequent 
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occurrence.  A  typical  case  may  shew  either  the  cavity-formation 
slight  in  degree,  and  the  overgrowth  of  neuroglia  very  considerable : 
or  the  cavity-formation  extensive,  and  the  overgrowth  of  neuroglia 
very  slight.  Occasionally,  the  cavity  communicates  with  the  central 
canal. 

(b)  SPINA  BIFIDA. — In  this  form  of  congenital  malformation,  the 
arches  of  certain  of  the  vertebrae,  with  the  ligaments,  etc.,  are  more  or 
less  incomplete,  and,  through  them,  the  spinal  cord  may  present  itself  in 
one  of  two  ways  : — 

1.  Closed  Spina  Bifida.— There  may  be,  projecting  from  the  back,  a 
rounded  swelling,  situated  most  frequently  in  the  lumbo-sacral  region 


Fig.  453. — Syringomyelia  or  Gliosis  of  Cervical  Region.    Shewing  the  irregular  cavity, 
with  its  neuroglial  boundary -layer.     (Pal-Weigert  Method.)     X  6. 


of  the  spine.  This  mass  is  covered  with  skin  over  the  greater  part 
of  its  posterior  surface,  but  usually,  in  the  centre,  the  covering  is  com- 
pleted by  a  membrane  from  which  the  skin-elements  are  absent.  Beneath 
the  skin  are  the  membranes  of  the  cord,  or,  generally,  the  pia-arachnoid 
alone — the  dura  being  often  absent.  At  the  centre  of  the  covering,  in 
some  forms  of  the  malformation  (meningomyelocele),  a  dimple  is 
sometimes  seen,  which  corresponds  with  the  adhesion  of  the  spinal 
cord  or  cauda  equina  to  the  inner  surface  of  the  sac.  The  centre 
of  the  dimple  may  contain  an  opening  which  communicatee  directly 
with  the  central  canal  of  the  cord.  This  form  o!  spina  bifida  is  really 
a  dropsy  of  the  cord.  If  the  accumulation  of  fluid  is  between  the  mem- 
branes and  the  cord,  the  former  alone  are  protruded  (meningocele)  and 
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the  sac  is  lined  by  arachnoid  and  covered  outside  by  skin.  In  meningo- 
myelocele, which  is  said  to  be  the  most  frequent  form  of  the  abnor- 
mality, the  cord  and  nerve-roots  are  pushed  backwards,  and  a  swelling 
is  formed  by  an  accumulation  of  fluid  in  front  of  the  cord  in  the  arachnoid 
sac.  The  cord  itself  and  its  nerve-roots  are  protruded  and  form  the 
posterior  wall  of  the  sac.  The  sac  is  thus  lined  anteriorly  and  laterally 
by  arachnoid  and  posteriorly  by  pia.  In  some  cases,  the  protrusion 
consists  of  the  dilated  and  closed  central  canal  (syringomyelocele) — the 
sac,  in  this  form,  being  lined  by  a  thin  layer  of  nervous  tissue. 

2.  Open  Spina  Bifida. — In  this  condition,  neither  the  development  of 
the  integument  nor  that  of  the  medullary  canal  has  been  completed  in  the 
middle  line,  and  the  spina  bifida  is  shewn  by  a  groove,  at  the  bottom 
of  which  is  a  membrane  representing  the  open  central  canal  of  the  cord. 
The  tissue  of  the  cord  itself,  throughout  the  open  part  of  the  spinal  canal, 
is  either  absent,  or  present  in  very  small  amount.  This  condition  may 
be  accompanied  by  anencephaly,  the  foetus  being  then  non- viable. 

CALCAREOUS  DEGENERATION  sometimes  occurs,  appearing  in 
the  form  of  thin  pearly-white  plates,  often  shewing  concentric  lamina- 
tion, and  possessing  sinuous  or  very  irregular  edges,  which  are  con- 
tinuous with  the  membrane  in  which  they  occur.  They  are  found,  as 
a  rule,  in  the  pia-arachnoid  of  the  cord  or  nerve-roots,  and  generally  give 
rise  to  no  symptoms  during  fife. 

INFLAMMATION  :— 

(a)  Of  the  Dura-Mater. — Inflammation  of  the  external  surface  of  the 
dura  may  be  the  result  of  the  direct  extension  of  the  inflammatory  process 
from  neighbouring  structures,  for  example,  an  abscess  in  bone,  or  a 
septic  focus  such  as  a  bed-sore.  The  condition  may  be  suppurative, 
and  the  spinal  canal  become  filled  with  semi-purulent  fluid,  which  is 
commonly  mixed  with  blood.  The  dura-mater  is  swollen,  and  dark- 
greenish  or  livid  in  colour.  The  pia  and  the  arachnoid  generally  become 
secondarily  infected. 

Inflammatory  changes  confined  to  the  inner  surface  of  the  dura  are 
not  common. 

Pachymeningitis  hemorrhagica  interna  may  occur  in  cases  of  insanity, 
but,  in  the  spinal  canal,  is  much  rarer  than  the  corresponding  condition 
in  the  cranium  (see  p.  951). 

Pachymeningitis  hypertrophica  is  a  rare  condition  which  is  seen  in  the 
cervical  region  of  the  cord.  The  inner  surface  of  the  dura  becomes 
gradually  thickened  by  the  formation  of  concentric  layers  of  fibrous 
tissue.  Adhesion  to  the  pia-mater,  which  also  is  thickened,  is  common. 
The  condition  causes  pressure-atrophy  of  the  nerve-roots  bom  narrowing 
of  the  spinal  foramina,  together  with  secondary  changes  both  in  the 
and  in  the  peripheral  nerves.     In  sonic  i  he  condition  is  syphilitic 

in  origin. 
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(b)  Of  the  Pia-Mater. — We  include  with  the  pia-mater  the  arachnoid, 
which,  though  not  in  such  intimate  association  with  it  in  the  cord  as 
in  the  brain,  yet,  generally,  is  associated  with  it  and  exhibits  similar 
changes  in  disease.  Spinal  Leptomeningitis  is  frequently  secondary  to 
cerebral  meningitis.  Sometimes,  however,  it  may  arise  independently, 
as  a  result  of  local  inflammatory  processes,  which,  by  their  extension 
upwards,  lead  to  a  secondary  involvement  of  the  cerebral  meninges. 
The  pia  is  swollen  and  injected,  and  numerous  small  haemorrhages  are 
seen  in  it.  The  arachnoid  is  congested,  and  there  is  excess  of  fluid — 
at  first  clear,  but  later  semi-purulent — in  the  sub-arachnoid  space.  The 
exudate,  if  purulent,  is  usually  most  abundant  on  the  posterior  surface 
of  the  cord.  The  change  may  spread  to  the  dura,  or,  more  commonly, 
to  the  spinal  cord  itself,  giving  rise  to  myelitis.  Spinal  leptomeningitis 
may  be  due  to  the  organisms  which  have  already  been  enumerated  as 
causing  cerebral  meningitis — Streptococci,  Pneumoccci,  Meningococci,  and 
B.  tuberculosis,  being  among  the  more  important  of  these. 

Localised  collections  of  fluid  in  the  meninges,  simulating  cysts 
(meningeal  cysts,  meningitis  serosa),  are  comparatively  rare  and  are  due 
to  focal  meningitis. 

TUBERCULOSIS. — For  descriptive  purposes,  tuberculosis  of  the 
spinal  cord  and  of  its  membranes  cannot  be  separated  from  one  another. 
Several  varieties  of  the  condition  occur. 

1.  Tuberculous   meningitis   associated   with   caries  of  the   vertebrae. 

Tuberculous  caries  may  be  limited  to  one  vertebral  body,  or  it  may  affect 

several.    Occasionally,   it   commences   in   the   transverse   process   and 

secondarily  affects  the  vertebral  body.   It  is  found  at  any  part  of  the  spinal 

column,  but  is  of  most  frequent  occurrence  in  the  lower  dorsal  and  upper 

lumbar  regions.     The  tuberculous  infection,  after  destroying  the  anterior 

common  ligament,  reaches  the  dura,  the  outer  surface  of  which  becomes 

greatly  thickened  and  infiltrated.    The  tubercle-granulations  extend  into 

the  substance  of  the  dura,  and,  at  a  later  period,  give  rise  to  extensive 

tuberculous  infiltration  of  its  inner  surface.    Further  extension  takes  place, 

and  the  pia-arachnoid  and  the  various  nerve-roots  become  involved. 

On  account  of  the  accumulation  of  tuberculous  material  in  the  canal, 

compression  of  the  spinal  cord  {see  fig.  463),  with  consequent  ascending 

and  descending  degenerations,  may  follow.     By  reason  of  the  destruction 

of  the  vertebral  bodies,  curvature  of  the  spine  with  displacement  of,  and 

pressure  on,  the  spinal  cord,  takes   place,   and   myelitis   is   produced. 

Death    supervenes,    in    some    cases,    from    sudden    dislocation   of  the 

diseased  vertebrae.    This  is  especially  the  case  where  the  odontoid  process, 

or  the  transverse  ligament  which  holds  it  in  position,  becomes  eroded 

by  the  disease.    In  cases  of  tuberculous  caries  (Pott's  disease),  localised 

patches  of  myelitis  or  myelitic  degeneration  may  occur  even  apart  from 

pressure.    These  are  due  probably  to  interference  with  the  blood-supply 

(ischaemia)  or  to  the  action  of  the  toxins. 


DISEASES  OF  SPINAL  CORD  AND  ITS  MEMBRANES    995 

2.  Tuberculous  pachymeningitis,  unassociated  with  disease  of  the 
bone,  sometimes  occurs,  especially  in  the  cervical  region  of  the  cord.  The 
dura-mater  and  the  surrounding  structures  become  greatly  swollen  and 
infiltrated  with  tubercle-granulations. 

3.  Tuberculous  leptomeningitis. — This  is,  as  has  been  stated,  generally 
associated  with  tuberculous  cerebral  meningitis,  and  is  very  frequently 
the  starting-point  of  that  condition — the  infection  having  reached  the 
spinal  membranes,  from  the  abdomen  or  thorax,  by  way  of  the  lymphatics. 
Minute,  grey  tubercle-granulations  are  seen  on  the  surface  of  the  pia- 
mater,  at  first  especially  in  the  cervical  or  the  lumbar  region,  but,  later, 
throughout  the  whole  length  of  the  cord,  among  the  nerve-roots  of  the 
cauda  equina,  and  also  on  the  inner  surface  of  the  dura.  The  subarachnoid 
space  may  be  distended  with  fluid  which  is  usually  rich  in  lymphocytes. 
B.  tuberculosis  is  often  only  with  difficulty  demonstrated  in  the  fluid ;  but  is 
found,  sometimes  in  enormous  numbers,  in  the  granulations  in  the 
meninges. 

4.  Tuberculous  granulations  are  very  rarely  found  in  the  substance 
of  the  cord  itself  without  primary  affection  of  the  meninges.  When 
present,  they  are  usually  in  the  form  of  large,  solitary,  conglomerate 
tubercles,  which  give  rise  to  areas  of  softening  and  myelitis  (myelomalacia). 

SYPHILIS. — The  conditions  in  the  cord  produced  by  syphilis  are 
analogous  to  those  seen  in  the  brain.  There  may  be  marked  thickening 
of  all  the  membranes,  with  involvement  of  the  nerve-roots,  and,  usually, 
associated  myelitis  (meningo-myelitis).  Syphilitic  endarteritis  and  peri- 
arteritis are  always  well  marked.  Gummata  develop  from  the  inner 
surface  of  the  dura,  or  from  the  pia-arachnoid,  and  cause  pressure 
upon,  and  softening  of,  the  cord.  Sometimes,  but  much  more  rarely,  the 
gummata  are  found  in  the  substance  of  the  cord.  Degenerations  caused 
by  syphilis  in  the  conducting  tracts  will  be  dealt  with  later. 

INJURIES  OF  THE  CORD  are  rare,  except  in  cases  of  fracture  or 
dislocation  of  the  spine,  and  in  gunshot  and  other  wounds,  in  which 
lesions  the  tissue  may  be  lacerated,  crushed,  or  even  torn  across. 

CONCUSSION  OF  THE  CORD,  if  severe,  may  give  rise  to  a  condition 
of  degeneration,  with  paralysis  of  limbs,  etc. 

HEMORRHAGE  into  the  cord  is  rare,  except  in  cases  of  direct  injury. 

Petechial  haemorrhages  may  occur  as  a  result  of  severe  concussion, 
and  are  frequently  found  around  an  area  of  acute  softening — and  these 
or  larger  haemorrhages  have  been  described  in  shell-shock,  in  scurvy, 
in  cerebro-spinal  meningitis,  etc.  Haemorrhage  into  or  on  the  meninges 
is  found  as  a  direct  spread  from  haemorrhage  into  the  brain. 

INFLAMMATION  (MYELITIS)  :— 

The  terms  myelitis  and  myelomalacia  are  commonly  applied,  more  or 
less  promiscuously,  to  any  softening  of  the  spinal  cord.  The  former  term 
is  often  inaccurately  used  in  this  connection,  as,  in  many  cases,  the 
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condition  is  not  a  true   inflammation,  and  is  due  to   pressure,  or   to 
mechanical  interference  with  the  blood-  and  lymph-supply. 
Causation  : — 

1 .  Such  primary  softening  of  the  cord  results  from  the  action  of  bacterial 
toxins  or  other  poisons.  It  either  occurs  in  irregular  patches,  or 
in  the  lines  of  definite  nerve-tracts.  This  condition  sometimes  follows 
such  acute  infective  diseases  as  typhoid  fever,  influenza,  pneumonia, 
dysentery,  etc.  It  is  said  to  occur  as  the  result  of  cold  and  chill,  but 
these  are  to  be  regarded  as  only  predisposing  causes.  Alcoholic  subjects 
are  said  to  be  specially  liable  to  myelitis ;  and  syphilis,  quite  apart  from 
the  formation  of  gummata,  is  regarded  by  some  authors  as  causal. 

2.  A  similar  condition  may  follow  injuries  to  the  cord  :  pressure  upon  it 
by  tumours,  tuberculous  masses  or  abscesses,  syphilitic  gummata  or 
meningitis :  and  infiltration  of  its  substance  by  tuberculous  masses, 
syphilitic  gummata,  tumours,  inflammatory  exudates,  etc. 

3.  It  may  result  from  vascular  obstruction,  whether  produced  by 
pressure  on  the  vessels  from  outside,  or  by  embolism,  or  by  thrombosis 
in  degenerated,  often  syphilitic,  vessels. 

The  condition  may  be  disseminated,  appearing  in  scattered  areas,  or 
extending  throughout  considerable  portions  of  the  cord  without  involving 
its  whole  diameter:  or  transverse,  affecting  a  limited  length  of  the 
cord,  but  involving  its  whole  thickness.  The  transverse  form  may 
be  the  result  of  direct  injury  in  fractures  or  dislocations,  or  of  pressure 
on  the  cord,  though  in  some  cases  its  cause  is  obscure.  The  diffuse  or 
disseminated  variety  is  the  usual  form  seen  in  acute  infectious  diseases. 

Characters  of  the  Lesion. — There  is  usually  a  varying  of  engorge- 
ment of  the  vessels  of  the  pia,  especially  over  the  affected  area  wThich  is 
itself  intensely  congested  and  extremely  soft — sometimes  diffluent  or  semi- 
diffluent.  Numerous  minute  haemorrhages  may  be  present,  and  in  some 
cases  there  is  a  moderate  degree  of  meningitis.  The  normal  markings,  and 
the  differentiation  of  the  component  parts  of  the  cord,  cannot  be  made  out. 
In  the  later  stages  of  the  forms  due  to  pressure,  the  congestion  subsides,  and 
the  softening,  becoming  more  marked,  spreads  both  up  and  down  the  cord. 

On  microscopical  examination,  the  blood-vessels  are  seen  to  be  dis- 
tended, and  round  them,  in  the  perivascular  spaces,  are  accumulations 
of  leucocytes,  mainly  of  the  lymphocyte-type;  but  polymorphonuclear 
leucocytes,  plasma-,  and  mast-cells  may  be  present.  Masses  of  pigment 
are  sometimes  found  in  the  neighbourhood  of  the  vessels.  The  neuroglia- 
cells  are  swollen,  vacuolated  and  niultinuclear.  and,  if  the  proa  wlv 

developed,  the  neuroglia  itself  is  increased  and  the  nerve-tissue  relatively 
diminished.  On  transverse  section,  the  nerve-fibrea  are  seen  to  pree 
great  variations  in  their  diameter,  some  being  considerably  swollen; 
whilst  others  are  atrophied  and  somewhat  granular  in  appearance.  The 
axis-cylinder  may  be  enlarged,  broken  up  into  granular  masses,  or  even 
absorbed ;    the    myelin-sheath    distended    and    narrow,    or    broken   up 
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Fig.  454. — Normal  Nerve-cells.     Shewing  the  central  position  of  nucleus,  the 
Nissl -granules,  and  the  protoplasmic  processes.    (Nissl's  Method.)     X  300. 
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Fio.  455. — Degenerated  Nerve-cells.  Shewing  eccentric  position  of  the  nucleus,  rod 
disappearance  of  the  Nissl -granules  and  of  the  protoplasmic  prooeeses.  (Nissi'a 
Method.)     x  300. 
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and  granular.  The  cells  in  the  grey  matter  shew  degenerative  changes, 
are  swollen,  and  rounded  in  outline,  the  nucleus  becomes  eccentric 
and  stains  less  intensely,  and  there  is  perinuclear,  or  perhaps  < 
plete,  disappearance  of  the  Nissl-granules.  The  protoplasmic  processes 
may  shew  various  stages  of  degeneration,  from  slight  alterations  in 
structure  up  to  complete  disappearance.  Areas  of  secondary  degenera- 
tion are  seen  extending  for  a  variable  distance  both  above  and  below 
the  affected  area.  The  whole  diseased  area  often  becomes  infiltrated 
with  leucocytes  and  degenerated  neuroglial  cells — the  so-called  compound 
granular  corpuscles. 

In  extreme  cases,  film-preparations  shew  fat-droplets,  compound 
granular  cells — probably  neuroglia-cells  which  have  ingested  disintegrated 
myelin  and  fragments  of  axis-cylinders — leucocytes,  degenerated  and 
vacuolated  nerve-cells,  granular  detritus,  and,  sometimes,  bacteria. 

In  cases  in  which  the  lesion  is  brought  about  by  gradually  increasing 
pressure,  the  changes  are  less  acute  than  those  described,  and  the  grey 
matter  suffers  to  a  less  degree  than  the  white. 

Ascending  and  descending  degenerations  in  the  implicated  spinal 
nerve-tracts,  paralysis  and  wasting  of  muscles,  bed-sores,  and  cystitis 
and  pyelitis  from  paralysis  and  infection  of  the  bladder,  are  usual 
accompaniments  of  acute  myelitis. 

The  condition  frequently  becomes  chronic ;  the  fat,  the  granular  cells, 
etc.,  are  absorbed ;  and  a  so-called  grey  softening  results.  In  this  stage, 
there  is  proliferation  of  the  neuroglial  tissue — sclerosis — and  the  nerve- 
fibres  and  the  nerve-cells  to  a  large  extent  disappear.  The  neuroglial 
tissue  appears  looser  and  more  open.  Retraction  takes  place,  and, 
eventually,  the  softened  area  is  replaced  by  a  cicatrix  or  pseudocyst,  and 
the  motor  and  sensory  conduction  in  the  cord  is  interrupted. 

ACUTE   ANTERIOR    POLIOMYELITIS    (INFANTILE    PARALYSIS). 

This  is  a  specific  infective  and  contagious  disease,  attacking  especially 
infants  and  young  children,  and  is  due  to  an  ultra-microscopic  organism 
which  can  be  obtained  from  the  spinal  cord  of  persons  who  have  died 
from  the  disease  and  from  the  cord  of  monkeys  which  have  been 
experimentally  infected  with  the  virus,  and  which  have  developed  the 
disease.  The  organism  has  been  grown  on  artificial  media  by  Noguchi. 
Epidemics  have  been  observed  in  many  countries;  and  carriers,  in  whom 
the  causal  organism  is  lodged  in  the  naso-pharynx,  are  definitely 
recognised  as  agents  in  the  transmission  of  the  disease.  In  the  earlier, 
acute  stage,  the  pia-mater  is  actively  congested,  and  the  sub-pial 
fluid  considerably  increased  in  amount.  There  is,  frequently,  definite 
meningitis.  Both  the  grey  and  the  white  matter  are  acutely  eongested 
— the  grey  usually  more  than  the  white — and  areas  of  softening  may  be 
detected.  There  is  marked  cellular  infiltration  with  polymorphonuclear 
and  other  cells,  in,  and  around,   the   walls  of  the  blood-vessels,  and 
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areas  of  haemorrhage  are  not  infrequently  seen.  The  motor  cells,  in 
the  affected  areas  in  the  anterior  horns  of  the  cord,  undergo  degenerative 
changes.  The  cells  have  a  cloudy  appearance  and  are  slightly  swollen,  and 
the  chromophil  granules  appear  to  be  larger  than  in  the  normal  cells.  The 
nucleus  may  shew  chromatolysis,  the  chromatin  eventually  disappearing, 
and  the  cytoplasm  becoming  granular  and  vacuolated.  At  a  later  stage, 
the  affected  cells  become  completely  disintegrated.  The  non-medullated 
nerve-fibres  are  swollen,  the  neuroglia  is  increased,  and  there  may  be  con- 
siderable infiltration  with  lymphocyte-like  cells — these  often  collecting 
especially  round  the  disintegrated  motor-cells.  The  lesion  is  usually 
confined  to  one  side,   but  is  occasionally  bilateral.     The  changes   are 


Fig.  456. — Section  of  Cord  in  the  Cervical  Region.  From  a  case  of  Infantilo  Paralysis, 
shewing  the  atrophy  of  one  anterior  horn  and  changes  in  the  white  matter  in  the 
neighbourhood.     (Stained  with  carmine.)     X  5. 

found  in  the  lumbar  region  when  the  paralysis  affects  the  leg.  and  in 
the  cervical  region  when  the  arm  is  involved.  Part,  or  the  whole,  of  the 
anterior  horn  may  shew  degenerative  changes ;  in  the  anterior  commis 
partial  destruction  of  fibres  is  sometimes  found  ;  and  the  anterior  nerve- 
roots  and  the  muscular  branches  of  the  peripheral  nerves  are  atrophied. 
In  old-standing  cases,  the  affected  anterior  horn,  or  part  of  it.  la 
much  smaller  than  that  of  the  opposite  side.  Motor-cells— usually  in 
diminished  numbers — may  still  be  present,  some  of  them  showing  a 
peculiar  colloid  character,  due  to  imbibition  of  fluid:  others  shrunken 
and  degenerated  :  and  others,  again,  apparently  normal.  The  localisation 
of  motor  functions  to  the  various  groups  of  nerve-cells  in  the  ant 


Fig.  457. — Healthy  Betz-cells.  Shewing  nucleus  and  nucleolus  (one  cell),  cell-processes  and 
Nissl-bodies.  (From  specimen  lent  by  Drs.  Watson  and  Bigland,  Liverpool.) 
X  300. 


Fio.  458. — Degenerated  Nerve  cells.  From  tho  ulterior  horn  of  the  spinal  cord  in  a  case 
of  Pellagra,  shewing  eccentric  position  of  nucleus,  disappearance  ol  Nissl-bodies,  loss 
of  processes,  etc.     (Lent  by  Drs.  Watson  and  Bigland,  Liverpool.) 
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horn  furnishes  the  explanation  of  the  limitation  of  the  paralysis  to  certain 
combinations  of  muscles — for  a  study  of  a  series  of  cases  proves  that 
certain  groups  of  cells,  as  we  have  stated,  are  shrunken  and  degener- 
ated, whereas  others  are  apparently  uninjured.  There  is,  usually,  a  great 
increase  of  neuroglia,  the  delicate  fibrils  of  which  form  a  loose  reticulum. 
The  nerve-fibres  are  almost  completely  absent.  In  some  cases,  the 
only  change  is  in  the  motor-cells  and  the  delicate  nerve-fibres — the 
neuroglia  showing  no  variation  from  normal.  The  blood-vessels  are 
sometimes  thickened,  and  the  perivascular  spaces  dilated.  In  all  cases, 
there  is  descending  degeneration  of  the  motor-fibres  associated  with  the 


Fig.  459. — Section  of  the  Cord  in  the  Lumhar  Region.     From  a  case  of 
Poliomyelitis.     (Pal-Weigert  Method.)     X  8. 


affected  cells ;  and  the  muscles  with  the  function  of  which  interference  has 
occurred,  also  undergo  degeneration — the  muscle-fibres  becoming  atrophied 
and  occasionally  replaced  by  fat.  The  other  tissues — bones,  blood-vessels, 
etc. — share,  to  a  greater  or  less  degree,  in  this  atrophy,  or — more  accur- 
ately— in  this  atrophy  combined  with  impaired  growth  and  development. 
POLIO-ENCEPHALO-MYELITIS.— This  name  is  given  to  cases  of 
anterior  poliomyelitis  complicated  by  lesions  in  the  cerebrum,  such,  for 
example,  as  haemorrhages  below  the  level  of  the  corpora  quadrigemina 
(Wernicke's  disease),  or  acute  bulbar  myelitis  with  Lesions  extending  above 
the  bulb.  In  such  cases,  the  nerve-tracts  in  the  cerebral  white  matter 
are  involved.  Batten  considers  many  of  these  cases  to  be  due  to  throm- 
bosis of  the  small  terminal  vessels,  and  that  this  thrombosis,  which  may 
occur  both  in  the  brain  and  in  the  cord,  is  bacterial  or  toxic  in  origin. 
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ACUTE  ASCENDING  PARALYSIS  (LANDRY).— This  disease  is 
characterised  clinically  by  the  occurrence  of  rapidly  developing  paralysis, 
extending  from  below  upwards,  and  without  sensory  disturbances,  death 
supervening,  as  a  rule,  from  involvement  of  the  bulbar  nuclei.  Our 
knowledge  of  its  morbid  anatomy  is  still  very  indefinite,  and  the  lee 
found  seem  to  vary  in  different  cases.  There  may  be  no  obvious  naked- 
eye  changes  in  the  brain  or  spinal  cord  beyond  a  few  capillary  haemo- 
rrhages. Buzzard  states  that,  on  careful  examination,  especially  in  rapidly 
fatal  cases,  a  varying  number  of  the  motor  cells  of  the  anterior  horns 
and  of  Clarke's  column  shew  chromatolysis,  or  more  or  less  complete 
loss  of  chromatin,  and  excentration  of  nuclei ;  whilst  the  myelin-sheaths 
of  the  spinal  nerve-tracts  and  of  the  peripheral  nerves  present  a 
diffuse  fatty  change.  The  vessels  are  engorged,  but  there  are  no  special 
peri-vascular  changes,  and  the  neuroglia  shews  no  evidence  of  prolifera- 
tion. The  similarity  of  the  symptoms  to  those  of  acute  anterior  polio- 
myelitis, and  the  character  of  the  changes  found  in  the  nerve-cells 
of  the  anterior  horn  of  the  cord,  suggest  that  the  disease  is  really  a 
very  acute  form  of  anterior  poliomyelitis  produced  by  some  powerful 
bacterial  or  chemical  toxin,  and  that  death  occurs  before  marked  cell- 
degenerations  and  cell -infiltrations  become  manifest. 

DEGENERATIVE   CONDITIONS   OF  THE  CORD  :— 

In  this  group,  we  include  a  series  of  diseases  which  are  characterised 
by  a  more  or  less  complete  destruction  of  certain  conducting  tracts  and 
groups  of  nerve-cells  in  the  spinal  cord,  and  in  which  the  processes 
which  bring  about  the  pathological  changes  appear  to  be  degenerative 
rather  than  inflammatory,  though,  in  some  of  them,  there  has  been 
described  the  occurrence  of  a  preliminary,  or,  perhaps,  antecedent,  acute 
disease.  The  causes  of  many  of  these  changes  are  still  unknown,  though 
some  of  them  are  undoubtedly  syphilitic.  The  degeneration  may  be 
limited  to  one  tract,  or  to  one  group  of  nerve-cells;  but,  very  commonly, 
combinations  take  place,  two  or  more  tracts  possessing  different  functions, 
or  certain  conducting  tracts  and  certain  groups  of  nerve-cells,  being 
involved.  The  degeneration  may  be  ascending  or  descending,  according 
as  sensory,  motor,  or  communicating  tracts  are  affected.  To  understand 
the  changes  thoroughly,  an  accurate  knowledge  of  the  anatomy  and 
physiology  of  the  spinal  cord  must  first  be  obtained,  but  for  this  we  refer 
our  readers  to  textbooks  of  Anatomy  and  Physiology  or  Neurolo 

A.— PROGRESSIVE  MUSCULAR  ATROPHY  or  POLIOMYELITIS 
ANTERIOR  CHRONICA  (ARAN-DUCHENNE).— This  disease,  especially 
occurring  in  adults,  coin:  in  the  anterior  horns  of  the  grey  mal 

of    the    spinal    cord,    usually    in    the    cervical    region.     Beginning    in 
one  horn,  the  condition  tends  to  spread  to  that  of  the  opposite  side. 
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The  nerve-cells  become  shrivelled  and  lose  their  processes,  whilst  the 
nuclei  lose  their  affinity  for  basic  stains.  This  degeneration  and  eventual 
disappearance  of  the  motor  cells  of  the  anterior  horn,  which  itself  may 
remain  unaltered  in  outline,  are  associated  with  a  disappearance  of  the 
fine  nerve-fibres,  and  a  moderate  degree  of  overgrowth  of  the  neuroglia, 
seen  in  the  form  of  a  meshwork  of  fibrils,  among  which  are  numbers  of 
spider-cells.  There  is  marked  degeneration  of  the  anterior  nerve-roots 
and,  to  a  less  extent,  of  the  peripheral  motor-nerves,  the  nerve-fibres 
connected  with  the  degenerated  nerve-cells  being  specially  picked  out 
by  the  change.  In  some  advanced  cases,  the  nerve-fibres  in  the  anterior 
nerve-roots  may  have  almost  completely  disappeared,  and  been  replaced 
by  connective  tissue. 

The  atrophy  may  commence  in  the  lower  group  of  cells  in  the  lumbo- 
sacral region,  and  then  spread  to  all  the  groups  in  the  lumbar  enlarge- 
ment ;  it,  in  some  cases,  extends  upwards  from  the  lumbo-sacral  region 
until  all  the  motor-cells  in  the  cord  are  affected ;  or  it  may,  at  first,  be 
limited  to  certain  groups  of  cells  in  the  cervical  region — especially  those 
parts  which  govern  the  muscles  of  the  hand — but,  in  these  cases,  it  soon 
spreads  to  all  the  cells  in  the  cervical  enlargement.  In  this  latter  group  of 
cells,  in  which  the  atrophy  is  the  commonest,  the  muscles  first  affected  are 
usually  those  of  the  thenar  and  hypothenar  eminences,  the  interossei.  and 
then  the  muscles  about  the  shoulder;  but,  in  some  cases,  the  condition 
spreads  gradually  and  progressively  to  the  other  muscles  of  the  limbs  and 
trunk.  The  muscles  undergo  atrophy,  and  sometimes  fatty  changes — 
scattered  individual  fibres,  or  groups  of  fibres,  being  picked  out  in 
accordance  with  the  distribution  of  the  degenerative  changes  in  the 
corresponding  motor  nerve-cells.  The  sarcolemma-cells  undergo  prolife ra- 
tion, and  connective  tissue  is  formed  to  replace  the  atrophied  muscular 
tissue.  In  other  cases,  microscopical  examination  shews  a  simple  atrophy 
of  the  fibres,  without  special  deviation  from  their  normal  structure. 
The  muscular  changes  become  more  advanced  as  the  degenerative 
processes  in  the  cord  and  in  the  motor  nerves  progressively  spread. 

PERONEAL  TYPE  OF  MUSCULAR  ATROPHY.— This  chronic  form 
of  muscular  atrophy  is  often  hereditary — several  members  of  a  family 
may  suffer  from  it,  and  the  disease  may  be  traced  through  several  genera- 
tions. By  many,  the  condition  is  regarded  as  a  chronic  multiple  neuritis  : 
by  others,  as  a  spinal  disease  due  to  an  ascendhm  degeneration  of  the 
peripheral  motor-nerves,  degeneration  of  spinal  ganglia  and  atrophy  and 
loss  of  the  nerve-celis  in  the  anterior  horn  of  the  spinal  cord,  the 
anterior  and  posterior  nerve-roots,  the  fibres  in  the  posterior  columns 
and  even  the  motor-cells  in  the  anterior  cornua.  Sclerosis  has  been 
found   in  the  posterior  columns,   particularly   in   the    post  rnal. 

The  intramuscular  fibres,  especially  <»f  the  peripheral  motor-nerves  shew 
marked  degeneration,  and,  at  a  late  period,  the  senson  also 

affected. 
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Pseudo-hypertrophic  Muscular  Paralysis  is  a  disease  which,  in  some  respects, 
resembles  progressive  muscular  atrophy ;  but,  as  no  definite  lesion  has  been 
detected  in  the  spinal  cord,  it  is  now  generally  held  that  it  is  a  primary 
affection  of  muscle.  The  disease  appears  to  be  hereditary,  and  attacks 
especially  male  children.  There  is  atrophy  of  the  muscular  substance,  with  a 
new  formation  of  connective  and  adipose  tissue  between  the  fibres.  The  new 
formation  may  be  so  great  that  the  bulk  of  the  atrophied  muscle  is  increased 
— hence  the  term  "pseudo-hypertrophic"  applied  to  the  condition.  In 
the  later  stages,  no  trace  of  muscle-fibres  may  be  detected  in  the  affected  area. 
The  muscle-fibres,  when  still  present,  may  retain  their  transverse  striation. 
In  some  cases,  the  muscle-fibres  shew  proliferation  of  the  nuclei,  vacuolation, 
splitting,  and,  often,  a  hyaline  appearance.  The  lower  limbs,  especially  the 
muscles  of  the  calf,  are  generally  the  first  to  be  involved,  the  condition  spreading 
more  widely  later.     (See  pp.  1059-60.) 

B.— AMYOTROPHIC  LATERAL  SCLEROSIS.— In  this  disease,  there 
is  a  degeneration  of  the  pyramidal  tracts,  of  the  nerve-cells  of  the  anterior 
horns  of  the  spinal  cord,  of  the  anterior  roots,  of  the  peripheral  nerves, 


Fig.  400. — Very  extensive  Sclerosis  of  the  Spinal  Cord  (the  pale  part  if 
sclerosed  portion.)     (Pal-Weigort  Method.)     x  0. 


the 


and  of  the  muscles.  The  degeneration  does  not  usually  extend  above 
the  pons,  but  cases  have  been  described  in  which  the  changes  reach  the 
cerebral  peduncle,  the  internal  capsule  and  even  the  mot  or- cortex.  Not 
uncommonly,  there  is  also  degeneration  in  the  anterolateral  columns 
— between  the  anterior  horns  and  the  surface  of  the  cord  ;  and,  in  some 
cases,  there  is  also  evidence  of  degeneration  in  the  posterior  columns 
— especially  the  postexo-median  column  of  Goll.  Degeneration  of  the 
middle  third  of  the  corpus  callosum  baa  been  described.  The  oord  ma] 
diminished  in  size,  especially  in  the  cervical  region.  The  dura  shews  no 
obvious  pathological  change,  the  substance  of  the  cord  itself  is  very  firm  in 
consistence,  the  hypoglossal  and  glossopharyngeal  nerves  and  the  anterior 
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spinal  nerve-roots  are  thin  and  atrophied,  and  the  pyramidal  tracts  are 
of  a  greyish  colour.  The  condition  is  sometimes  confined  to  the  cervical 
region,  but  frequently  the  lumbar  region  is  affected,  and  occasionally  the 
entire  cord.  In  the  majority,  at  any  rate  of  advanced  cases,  there  is 
degeneration,  with  atrophy,  of  the  giant-cells  of  Betz  in  the  precentral 
gyrus,  these  cells  being  the  neuron-bodies  of  the  cortico-spinal  elements  of 
the  motor-system.  According  to  Starr,  this  degeneration  of  the  cortico- 
spinal elements  begins  in  the  ends  of  the  axons  in  the  spinal  cord,  and 
advances  upwards  until  the  whole  neuron  becomes  atrophied.  The 
atrophied  nervous  elements  are  replaced  by  neuroglial  tissue. 

On  microscopical  examination,  varying  degrees  of  advanced  sclerosis  are 
seen  in  the  affected  areas.  The  contour  of  the  horn  is  usually  main- 
tained, but  the  cells  in  it  are  scanty  and  shrunken,  the  nuclei  absent  or 


& 
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Fjg.  4G1. — An  irregular  area  (pale)  of  Sclerosis  in  the  Spinal  Cord. 
(Pal-Woigort  Method.)     X  G. 

displaced,  the  protoplasmic  processes  thin,  short,  or  entirely  absent,  and 
the  chromophilic  elements  (Nissl-granules)  either  entirely  destroyed  or 
remain  merely  perinuclear  in  distribution.  The  changes  in  the  medulla 
are  often  marked,  and  the  cells  of  the  hypoglossal  nuclei  may  shew 
degenerative  changes.  Other  nerve-nuclei  (trigeminal,  facial,  glosso- 
pharyngeal, etc.)  may  share  in  the  changes.  The  neuroglia  is  but  Blightly 
increased.  The  peripheral  nerves,  and  the  muscles  supplied  by  them, 
shew  a  varying  degree  of  atrophy,  according  to  the  extent  of  the  lesion 
in  the  cord. 

C— DISSEMINATED   or  INSULAR   SCLEROSIS.— In   this  condition. 

the  cord  is  usually  not  altered  in  size,  though  it  may  be  somewhat  shrunken 
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and  firmer  in  consistence  at  the  level  of  the  degenerated  areas.  The 
pia-mater  may  be  adherent  to  the  cord.  On  section,  there  are  greyish 
patches,  somewhat  gelatinous  in  appearance  and  with  rounded  or  angular 
outlines,  scattered  irregularly  throughout  the  cord,  and  commonly 
associated  with  similar  changes  in  the  brain.  On  microscopical  examina- 
tion, numerous  leucocytes  and  proliferated  cells  are  found  in  the  peri- 
vascular spaces.  The  walls  of  the  vessels,  especially  of  the  arterioles, 
may  become  thickened,  and,  in  them,  the  newly-formed  fibrous  tissue 
may  present  a  homogeneous  appearance,  sometimes  described  erroneously 
as  "  hyaline  "  degeneration.  The  neuroglia  is  usually  greatly  increased  in 
amount,  glial  fibres  and  the  glial  cells  forming  a  dense  network, 
and  there  may  be  some  increase  of  connective  tissue  especially  round  the 
vessels.  The  medullary  fibres  are,  at  first,  swollen — the  myelin-sheath 
being  fragmented  and  the  neurilemma-nuclei  shewing  considerable 
swelling.  Later,  the  myelin  breaks  down  and  is  absorbed,  and  the 
sheath  blends  with  the  surrounding  tissue.  The  axis-cylinder  is.  at  first, 
irregularly  swollen,  and  has  a  beaded  appearance.  Eventually,  it  becomes 
broken  across  and  is  absorbed.  Usually,  however,  some  axis-cylinders 
persist.  This  form  of  sclerosis  does  not  tend  to  spread,  but  may,  in 
virtue  of  its  position  and  the  destruction  of  the  axis-cylinders,  interfere 
with  the  conducting  tracts  of  the  cord,  and  give  rise  to  secondary 
degeneration  in  these  tracts.  The  sclerosis  affects  both  the  grey  and 
the  white  matter  of  the  cord. 

D.— SUBACUTE  COMBINED  SCLEROSIS.— This  condition  has  been 
described  as  occurring  in  association  with  severe  anaemia,  especially  in 
pernicious  cases.  Sclerosis  may  be  evident  in  the  posterior  columns,  and 
sometimes  in  the  region  of  the  crossed  pyramidal  tracts.  The  changes  are 
observed  especially  in  the  mid-dorsal  region  of  the  cord.  There  is 
degeneration  of  the  myelin-sheath  and  disappearance  of  the  axis-cylinder. 
The  area  becomes  invaded  with  compound  granular  corpuscles  and,  later, 
there  is  an  overgrowth  of  fibrous  tissue. 

E.— PRIMARY  LATERAL    SCLEROSIS    (SPASTIC    PARAPLEGIA), 

which  is  extremely  rare,  consists  in  complete  degeneration  of  the  cr< 
pyramidal  tracts  on  each  side.     The  degeneration  begins  in  the  external 
portion  of  the  lower  part  of  the  crossed  pyramidal  columns,  and,  gradually, 
the  axons  atrophy  from  below  upwards  and  disappear;  and  are  replaced 
by  a  secondary  hyperplasia  (sclerosis)  of  the  neuroglia. 

The  change  may  spread  throughout  the  whole  cord,  or  be  limited 
to  a  few  segments,  an  I  extension  to  the  anterior  horns  and  the 
anterolateral  ascending  and  direct  cerebellar  tracts  sometimes  takes 
place. 

Microscopical  examination  shews  a  primary  sclerosis,  with  partial  or 
complete  disappearance  of  the  nerve-fibres,  an  overgrowth  of  neur 
and,  sometimes,  a  thickening  of  the  walls  of  the  blood-vessels. 
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F. — LOCOMOTOR  ATAXIA.— By  the  majority  of  authors,  this  disease 
is  regarded  as  of  syphilitic  origin.  In  many  cases,  however,  it  is  difficult  to 
trace  a  syphilitic  infection.  But  the  application  of  the  Wassermann  test 
to  the  cerebro-spinal  fluid  has  shewn  that  a  considerable  proportion  of 
cases  give  a  positive  reaction,  though  the  reaction  in  the  blood  mav  be 
feeble  or  negative  in  an  appreciable  number  of  such  cases.  Various 
views  are  held  as  to  its  starting-point,  some  regarding  it  as  a  primary 
sclerosis  of  the  posterior  columns  of  the  cord — Marie  views  it  as  a  syphilitic 
lymphangitis  of  the  posterior  columns.  Others  hold  that  it  is  a  primary 
degeneration  of  the  sensory  nerves,  especially  of  their  trophic  nerve-cells 
in  the  ganglia  on  the  posterior  nerve-roots,  and  that  the  change  in  the 
cord  is  really  an  ascending  degeneration.  The  neuron-bodies  lying  in 
the  posterior  spinal  ganglia  shew  swelling,  chromatolysis,  vacuolisation, 
pigmentation  and,  sometimes,  fatty  degeneration,  at  any  rate  in  advanced 
cases;  and  it  has  been  shewn  that  the  degeneration  in  the  posterior 
columns  affects  chiefly  the  fibres  (exogenous  fibres)  which  enter  them 
through  the  posterior  roots.  The  association-fibres,  which  arise  within 
the  cord  itself  (endogenous  fibres),  from  cells  of  the  grey  matter  and 
connect  the  various  segments  with  one  another,  are  not  affected  in  lesions 
of  the  posterior  nerve-roots,  and  they  always  escape  in  locomotor  ataxia. 
These  facts  strongly  favour  the  view  that  locomotor  ataxia  is  really  a 
disease  of  the  sensory  neurons,  producing  degeneration  of  the  exogenous 
fibres  passing  into  the  spinal  cord  from  these  neurons,  and  not  a  primary 
disease  of  the  spinal  cord  itself. 

In  the  cord,  the  changes  are  usually  most  marked  in  the  posterior 
columns  in  the  lumbar  or  dorso-lumbar  region;  but,  in  rare  cases, 
the  cervical  region  is  affected.  The  spinal  cord  may  be  smaller  in 
diameter  than  normal,  the  pia  is  occasionally  thickened  and  adherent 
over  small  areas  on  the  posterior  surface ;  and  the  posterior  nerve-roots 
may  be  diminished  in  size,  the  ganglia  upon  them  shewing  marked 
degenerative  changes  to  be  described  presently.  In  other  cases,  the 
dura,  pia,  and  posterior  nerve-roots,  may  appear  normal. 

In  the  early  cases,  the  changes  are  most  marked  in  those  parts  of  the 
external  column  which  adjoin  the  posterior  horns,  and  in  the  marginal 
zone  (Lissauer).  In  relation  to  this  distribution  of  changes,  it  should  be 
noted  that  some  of  the  fibres  from  the  posterior  nerve-roots  enter  at  the 
apex  of  the  posterior  horn  and  turn  upwards  in  the  marginal  zone 
(Lissauer)  to  enter  the  posterior  grey  matter  at  a  higher  level,  whilst  others 
turn  downwards  :  further,  that  the  fibres  which  degenerate  earliest  are 
the  median  fibres  and  their  collaterals  which  are  found  mostly  in  the  inner 
part  of  the  postero-external  column,  and  the  fine  fibres,  referred  to 
above,  in  the  marginal  zone  (Lissauer).  Again,  the  disease  begins,  in 
the  majority  of  cases,  in  the  neurons  of  the  lumbar  nerves,  and.  there- 
fore, in  the  early  stages  of  the  disease  the  lumbar  segments  are  prin- 
cipally affected  ;  but,  as  the  condition  advances,  a  larger  number  of  ganglia 
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are  involved  and  a  greater  extent  of  tissue  becomes  degenerated  in  the 
posterior  columns.  At  later  stages,  the  posterior  columns  on  each  side 
may  be  affected  to  a  varying  degree  in  different  parts  of  the  cord.  In 
the  cervical  region,  the  whole  posterior  column  may  be  involved ;  or  the 
degeneration  may  be  confined  to  the  external  part  of  the  postero-internal 
column  (Goll),  to  the  postero-external  column  (Burdach),  and  to  the 
marginal  zone  (Lissauer).  In  the  dorsal  region,  the  changes  are  more 
marked  in  the  postero-internal  column  (Goll) ;  and,  in  the  lumbar  region,  in 
the  postero-external  column  (Burdach)  and  the  marginal  zone  (Lissauer). 
The  degeneration,  when  present  in  the  posterior  nerve-roots,  may  be 
traced  to  the  spinal  ganglia — the  cells  of    which,  as  has  already  been 


Fig.  462. — Locomotor  Ataxia.     Shewing  the  Sclerosis  in  the  posterior 
columns.     (Pal-Weigert  Method.)     X  6. 

noted,  may  be  shrunken,  may  stain  very  deeply,  and  shew  excessive 
vacuolation,  and  a  high  degree  of  pigmentation.  In  advanced  cases, 
there  may  be  destruction  of  all  the  cells  in  the  affected  ganglia.  The 
changes  in  the  peripheral,  the  cranial,  and  the  sympathetic  nerves,  are 
variable,  but  are  all  of  a  degenerative  nature,  the  nerve-fibres  being 
affected,  and  the  connective  tissue  increased.  It  is  the  sensory  nerves 
which  are  particularly  implicated,  more  especially  the  fine  filaments 
supplying  the  skin  and  joints.  In  the  cord,  the  degenerative  conditions, 
in  rare  cases,  tend  to  spread  transversely  to  the  lateral  columns  but,  fre- 
quently, there  is  some  degeneration  in  the  posterior  horns  of  the  cord, 
and,  rarely,  in  the  anterior  hoi 

Perforating  ulcer  of  the  foot,  enlargement  of  joints  (Charcot's  Joint), 
and  other  trophic  disturbances,  may  be  associated  with  the  condition. 
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G.— HEREDITARY   SPINAL  ATAXIA  (FRIEDREICH'S  DISEASE). 

This  condition  tends  to  occur  in  several  members  of  the  same  family, 
beginning  usually  at  an  early  age.  The  lesion  is  of  a  similar  nature  to 
that  of  locomotor  ataxia,  but,  in  addition,  both  the  exogenous  and 
the  endogenous  fibres  are  degenerated  in  the  crossed  pyramidal  tract,  and, 
generally,  in  the  direct  cerebellar  and  the  antero-lateral  ascending  tracts. 


Fig.  463. — Tuberculous  (Pott's)  Disease  of  bodies  of  Vertebra1,  producing 
pressure  on  the  Spinal  Cord. 


In  the  posterior  columns,  the  postero-internal  tract  is  affected  throughout 
almost  its  entire  length,  and  the  postero-external  to  a  much  loss  extent. 
Almost  the  whole  of  the  crossed  pyramidal  tract  is  degenei 
The  cord  is  usually  smaller  than  normal— this  diminution  in  size  being 
seen  especially  in  the  cervical  region — and  the  pia  is  thickened.  There  is 
an  increase  of  neuroglia,  with  atrophy  of  the  uerve-fibres.  The  in<  i 
in  connective  tissue  is  comparatively  insignificant.  There  is  atrophy  oi 
the  cells  in  both  anterior  and  posterior  horns;  and  the  cells  of  Clarke's 
65 
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column  are  notably  degenerated.  Atrophy  of  the  posterior  roots  and 
of  the  peripheral  nerves  may  occur,  but  is  not  constant.  It  is  generally 
agreed  that  the  disease  is  due  to  an  arrest  of  development  of  various 
systems  of  fibres  in  the  spinal  cord. 

H. — SECONDARY  SCLEROSIS  :— 

Secondary  degenerations  in  the  cord  may  be  the  result  of  direct  injuries 
to,  or  of  lesions  which  press  upon,  the  cord.  Thus,  fracture-dislocation 
of  the  vertebrae,  tuberculous  disease,  tumour  or  aneurism,  syphilitic 
gummata,  or  inflammatory  exudates  may,  by  pressure,  or,  in  some  cases, 


Fig.  464. — Section  of  the  Cord  from  a  case  of  Hemiplegia.    Shewing  secondary  Sclerosis 
(pale  area)  in  the  crossed  pyramidal  tract.     (Pal-Weigert  Method.)     x0. 

by  direct  invasion  of  the  substance  of  the  cord,  be  the  cause  of  secondary 
degenerations.  As  a  rule,  however,  the  degenerations  are  due  to 
interference  with  the  descending  tracts,  or  their  centres  in  the  brain, 
by  haemorrhage,  softening,  tumour-formation,  etc.  The  main  change  is 
a  destruction  of  the  medullary  sheaths.  With  the  loss  of  the  highly 
refractile  substance  of  which  these  are  composed,  the  nerve-fibres  appear 
greyish  in  colour— grey  degeneration.  Microscopically,  in  the  affected 
area,  there  is  an  increase  in  the  neuroglia  and  a  great  reduction  in  the 
number  of  nerve-fibres.  There  may  be,  in  addition,  a  new  formation  of 
connective  tissue. 

As  a  general  rule,  the  degeneration  follows  the  direction  in  which 
the  nerve   conducts,   and,   therefore,   descending   degeneration   will   be 
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found  mainly  in  the  direct  and  crossed  pyramidal  tracts ;  but,  particularly 
after  transverse  lesions  of  the  spinal  cord,  descending  degeneration  may 
also  occur  in  other  antero-lateral  columns,  e.  g.  the  intermedio-lateral 
tract  of  Lowenthal,  the  sulco-marginal  anterior  descending  tract  of 
Lowenthal  and  Marie,  in  the  descending  comma-tract,  and  in  other 
situations  in  the  posterior  columns;  whilst  ascending  degeneration  will 
occur  in  the  posterior  columns  immediately  above  the  lesion,  if  it  is  a 
transverse  one  in  the  cord;  but,  at  a  higher  level,  only  the  median 
columns  (Goll)  show  degeneration. 

Degenerative  changes  may  be  found  also  in  the  direct  cerebellar 
tract,  and  the  antero-lateral  ascending  tract,  if  the  lesion  is  above  the 
junction  of  the  dorsal  and  lumbar  regions.  These  degenerations  may 
extend  through  varying  lengths  of  the  cord,  depending  upon  the  space 
which  the  various  tracts  occupy  within  it. 

The  commonest  descending  degeneration  is  that  which  occurs  in  the 
pyramidal  tracts  as  a  result  of  some  lesion  in  the  brain,  affecting  its  motor 
nerve-cells,  or  the  fibres  as  they  pass  downwards  from  these,  e.g.  a 
haemorrhage  into  the  internal  capsule.  The  degeneration  follows  the 
fibres,  and,  therefore,  will  be  seen  in  the  following  situations  : — 

1.  On  the  same  side  as  the  cerebral  lesion  : 

(a)  In  the  middle  two-fifths  of  the  crus. 

(b)  In  the   pyramidal    bundles   between   the   superficial   and   deep 

transverse  bundles  in  the  pons. 

(c)  In  the  anterior  pyramid  of  the  medulla. 

(d)  In  the  direct  pyramidal  tract — the  fibres  affected  in  this  situation 

being  those  which  have  not  decussated  at  the  point  of  observa- 
tion, or  which  do  not  decussate. 

2.  On  the  side  opposite  to  that  of  the  cerebral  lesion  : 

(a)  In  the  crossed  pyramidal  tract. 

(b)  In  the  fibres  of  the  direct  pyramidal  tract  which  have  already 

decussated  above  the  point  of  observation. 

The  extent  of  the  degeneration  becomes  less  as  the  fibres  are  traced 
downwards,  because  the  bulk  of  both  pyramidal  tracts  becomes  dimin- 
ished from  above  downwards.  The  degeneration  occurs  simultaneously 
throughout  the  whole  length  of  the  fibres,  and  is  only  "  descending  "  in 
the  sense  that  it  occurs  below  the  site  of  the  lesion,  the  trophic  nerve- 
cells  of  the  neurons  being  at  upper  ends  of  these  in  the  brain. 

If  the  interference  with  the  descending  tracts  be  in  the  cord,  there 
will  be  degeneration  below  the  lesion,  but  only  to  a  very  slight  extent 
above  it. 

Secondary  ascending  degeneration  may  occur  from  pressure  on,  or 
injuries  to,  the  cord,  or  from  transverse  or  other  form  of  myelitis,  etc. 
The  posterior  columns  and  the  direct  cerebellar  and  the  anterolateral 
(Gower's)  tracts  will  be  affected  throughout  their  whole  extent  in  the 
cord — the  other  tracts,  if  they  Buffer  by  the  injury,  in  the  various  regions 
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in  which  they  are  situated.  Thus,  in  the  lumbar  and  lower  dorsal  regions, 
the  whole  of  the  ascending  columns  will  be  degenerated;  but,  on  passing 
upwards,  the  degeneration  becomes  limited  to  the  postero-internal 
columns  and  the  direct  cerebellar  tracts. 

PELLAGRA  :  In  practically  all  cases  of  this  epidemic  disease 
there  is  sclerosis  in  the  posterior  columns,  and,  usually,  in  the  lateral 
pyramidal  tracts.  There  is  also  atrophy  of  the  nerve-cells  of  the  anterior 
horns  of  the  grey  matter  (fig.  458). 

The     degeneration     of     the    nerve-cells     is    very    extensive,    the 


Fig.  465. — Ascending  Degeneration  in  the  Postero-internal  (G'oll's)  Column.     The  result 
of  pressure  by  a  tumour  on  the  lumbar  part  of  the  cord.     (Pal-Weigert  Method.)    X  0. 


nucleus  is  pushed  to  one  side  and  the  rest  of  the  cell  shews  marked 
chromatolysis. 

TUMOURS  OF  THE  CORD  are  rare.  Gliomas  may  occur,  starting 
especially  in  the  tissue  around  the  central  canal.  Myxomas  and  sarcomas 
have  been  observed.  Cystic  conditions  have  already  been  discussed. 
Secondary  involvement  of  the  cord  by  tumours  of  the  membranes  or  of 
the  bony  walls  of  the  canal :  or  by  tumours  which  have  invaded  and 
eroded  these  bony  walls,  is  common. 

PARASITES  :  Echinococcus-cysts  and  Cysticercus  celhdosce  may  occur, 
but  are  exceedingly  rare.  Trypanosomas  are  found  in  the  cerebro-spinal 
fluid  in  cases  of  sleeping  sickness. 
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DISEASES  OF  THE   PERIPHERAL  NERVES   AND 

GANGLIA 

NEURITIS.— Under  this  term  are  included  both  inflammatory  and 
degenerative  changes,  and  it  is  not  possible,  for  purposes  of  description, 
to  separate  the  two  conditions  absolutely,  as  true  inflammatory  changes 
may  lead  to  those  of  a  degenerative  nature. 

The  causes  of  the  condition  are  grouped  as  follows : — 
1.  NEURITIS  OF  TRAUMATIC  ORIGIN.— The  damage  may  be  the 
result  of  gunshot  or  other  wounds  of  the  nerves,  of  pressure  by  tumours, 


Fig.  466. — Longitudinal  Section  of  a  Degenerating  Nerve.     Shewing  the 
fragmentation  of  the  myelin.     (Stain,  osmic  acid.)     x200. 

aneurisms,  or  foreign  bodies,  or  by  narrowing  of  the  foramina  through 
which  they  pass,  e.g.  in  cases  of  syphilis,  tuberculosis,  etc.  In  other 
cases,  the  nerves  become  implicated  in  scar-tissue.  The  changes  which 
take  place  in  the  peripheral  nerves  after  injury  vary  with  the  severity 
of  the  injury,  and  the  degree  of  destruction.  If  the  continuity  of  a 
nerve  is  severed,  secondary  degeneration  occurs  throughout  t he  entire 
peripheral  part,  which  has  been  cut  off  from  its  trophic  nerve-cells. 
The  myelin  breaks  up  into  droplets  and  eventually,  by  the  aid  of 
the  phagocytic  cells  derived  from  the  proliferated  neurilemma-cells,  is 
absorbed;  and  the  axis-cylinders  disintegrate.  In  addition,  many 
observers  have  found  certain  minor  grades  of  degeneration  in  the  central 
end  of  the  nerve,  extending  up  to  th<>  neuron-body. 

Following  the  degeneration,  if  the  continuity  of  the  parts  be  pre- 
served,  and  in  favourable  circumstances,   there   may  occur  repair  or 
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regeneration — complete  or  incomplete,  as  the  case  may  be.  As  to  the 
method  by  which  regeneration  is  brought  about,  there  is  still  some  uncer- 
tainty, different  views  being  held  as  to  whether  the  repair  starts  from  the 
distal  end  of  the  central  or  upper  portion,  or  from  the  proximal  end  of 
the  peripheral  part.  For  convenience,  we  shall  speak  of  the  former  as 
the  "  central "  and  the  latter  as  the  "  peripheral  "  end  of  the  divided 
or  injured  nerve.  It  is  generally  agreed  that  the  prolife rated  cells  of 
the  sheath  of  Schwann,  however  derived,  become  closely  arranged  in 
long,  tubular  strands. 

According  to  those  who  accept  the  central  hypothesis,  the  reparative 
process  starts  from  the  cut  end  of  the  proximal  or  central  portion  of  the 
severed  nerve.  The  original  nerve-fibres,  they  maintain,  either  grow 
downwards  into  the  peripheral  segment;  or  a  number  of  young  axis- 
cylinders  are  formed  by  division  of  each  original  axis-cylinder  at  the 
first  node  of  Eanvier  above  the  point  of  injury.  These  young  axis- 
cylinders  grow  downwards  into  the  original  neurilemma-sheaths ;  or  fresh 
neurilemma-sheaths  may  be  formed  from  the  proliferated  neurilemma- 
nuclei. 

The  second  or  peripheral  hypothesis  was  advanced  in  1891,  but,  at  that 
time,  it  was  not  seriously  entertained  by  most  neurologists.  In  spite  of 
this,  several  workers  on  the  subject,  including  Kennedy,  Ballance,  and 
Purves  Stewart,  have  strongly  supported  it.  Stated  very  briefly,  the  view 
which  they  maintain  is  that  the  peripheral  segment  of  a  divided  nerve 
degenerates  completely.  This  degeneration  begins  in  a  few  hours  after  the 
injury,  and  is  nearly  complete  in  from  three  to  four  weeks.  In  the  old 
sheath,  the  proliferated  cells,  which  are  arranged  in  regular  columns,  act  as 
neuroblasts  or  nerve-formative  cells.  Close  to  the  nucleus  of  the  neuro- 
blast, a  young,  somewhat  wavy  axis-cylinder  is  developed,  which  soon 
becomes  separated  from  the  nucleus.  Round  this  axis-cylinder,  a  delicate 
myelin-sheath  is  formed,  the  remaining  neuroblasts  forming  the  new 
neurilemma-sheath.  The  young  axis-cylinders  join  end  to  end  to  form 
more  or  less  continuous  chains,  but  do  not  undergo  full  development 
until  they  have  become  united  to  the  central  end  of  the  nerve.  These 
observers  further  state  that  the  existing  axis-cylinders  at  the  central 
i  ad  play  an  entirely  passive  part,  until  they  become  joined  to  the  new 
peripherally-formed  fibres. 

Fleming,1  who  supports  this  peripheral  hypothesis,  maintains,  how- 
ever, that,  in  addition,  new  axis-cylinders  are  formed,  at  the  central 
end  of  the  divided  nerve,  from  the  old  axis-cylinders.  It  seems  probable 
that  regeneration  may  take  place  by  both  methods. 

The  regeneration  after  section  is  brought  about  in  the  same  way  as 
that  following  on  degeneration;  but  the  newly-formed  cells  and  the 
developing  axis-cylinders— being  no  longer  guided  by  the  remnant  of 

1  R.  A.  Fleming,  "The  Peripheral  Theory  <>f  Nerve  Regeneration  with  Special 
Reference  to  Peripheral  Neuritis,"  The  Scottish  Medical  and  Surgical  Journal, 
September  1902,  p.  193. 
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the  original  sheath— may  take  a  tortuous  course,  especially  if  the  two 
ends  of  the  nerve  are  widely  apart.  If  a  temporary  "  scaffold  "  or  guide, 
e.  g.  strands  of  catgut,  be  placed  between  the  ends,  the  regeneration  is 
more  rapid,  and  the  course  taken  by  the  regenerating  fibres  is  more  direct. 
2.  NEURITIS  OF  TOXIC  ORIGIN.— This  group  includes  most  of  the 
cases  of  multiple  neuritis  following  infective  diseases,  e.g.  diphtheria, 
typhoid  and  scarlet  fevers,  etc. :  those  caused  by  such  substances  as 
alcohol,  carbonic  oxide,  carbon  bisulphide,  phosphorus,  and  the 
metallic  poisons — lead,  mercury,  zinc,  copper,  etc. :   and  those  (autotoxic) 


Fig.  467. — Transverse  Section  of  a  Nerve  from  a  case  of  Myxceduna.  Shewing  myxomatous 
areas  in  the  connective  tissue.  There  are  also  patches  of  degenerative  change  in  the 
nerve-fibrils  themselves.     (Van  Gieson's  stain.)     x60. 

occurring  in  such  diseases  as  diabetes,  acute  and  other  forms  of 
rheumatism,  Bright's  disease,  etc.  Most  of  these  last-mentioned  in- 
stances are  due  probably  to  toxic  substances — the  result  of  bacterial 
infection,   or  of   disordered  metabolism. 

The  neuritis  of  beri-beri,  which  some  authors  regard  as  infective 
in  origin,  is  generally  regarded  as  a  result  of  disordered  metabolism  due 
to  vitamine-deficiency.  Rose  Bradford  and  his  fellow  workers  have 
recently  described  a  filter-passing  organism  which  they  claim  to  have 
isolated  from  cases  of  multiple  neuritis,  and  with  which  they  believe  that 
they  have  produced  experimentally,  in  animals,  multiple  neuritis.  This 
condition  described  by  them  must  be  regarded  as  a  primary  neuritis 
due  to  toxins  produced  within  the  body  by  a  specific  organism.  It 
begins  usually  with  more  or  less  severe  constitutional  symptoms,  and 
might  well  be  classed  as  acute  infective  polyneuritis.  Their  observations, 
however,  need  further  confirmation. 
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In  these  toxic  cases,  the  nerve-trunks  become  swollen  and  of  a  reddish 
colour,  and  there  may  be  very  extensive  degenerative  changes,  producing 
wide-spread  paralysis,  as  is  seen  sometimes  in  cases  of  diphtheria.  In  such 
cases,  and  probably  also  in  those  due  to  lead-poisoning,  changes  occur 
both  in  the  nerve-endings  in  the  muscle  and  in  the  muscle  itself.  In  the 
nerves,  all  degrees  of  degeneration,  from  simple  swelling  of  the  medullary 
substance  to  complete  destruction  of  the  whole  structure,  may  occur. 
Usually,  there  is  proliferation  of  the  neurilemma  nuclei.  In  cases  due 
to  diphtheria,  the  nerve-sheaths,  the  blood-vessels,  and  the  lymph- 
spaces,  are  sometimes  the  seat  of  inflammatory  changes,  and  the 
degeneration  of  the  nerve-fibres  may  go  on  side  by  side  with  the 
inflammatory  reactions. 

In  alcoholic  neuritis,  the  process  is  generally  subacute.  The  changes 
vary  considerably,  and  paralysis,  in  some  cases,  occurs  without 
much  evidence  of  degeneration.  The  axis-cylinder  is  affected  early, 
but,  in  addition,  there  is  proliferation  of  the  connective-tissue  cells  of 
the  endoneurium,  perineurium,  and  epineurium.  The  blood-vessels  are 
dilated,  and  leucocyte -infiltration  may  be  a  prominent  feature.  The 
nerves  of  the  legs  are,  in  most  cases,  first  affected,  and  may  be  the  only 
ones  involved.  Similar  changes  are  seen  in  Raynaud's  disease  and  in  beri- 
beri. In  the  latter  condition,  the  nerves  of  the  lower  limbs  are  specially 
liable  to  become  involved,  but  the  pneumogastric,  the  phrenic,  and  the 
vasomotor  nerves  of  the  face,  are  not  infrequently  affected.  The  most 
constant  lesion,  however,  is  in  the  muscles.  The  fibres  are  diminished 
in  size,  have  a  homogeneous  appearance,  and  shew  proliferation  of  their 
nuclei,  with,  in  addition,  a  considerable  increase  in  the  supporting  fibrous 
tissue. 

In  the  neuritis  due  to  mineral  poisons,  the  axis-cylinders  persist  for 
a  long  time,  but  degeneration  of  the  medullary  sheaths  takes  place — it 
may  be  over  only  short  lengths  of  the  nerve,  e.  g.  involving  one  or  more 
internodes  of  Ranvier.  Very  commonly,  there  are  associated  changes 
in  the  nerve-cells  of  the  anterior  horns;  and,  in  certain  cases,  e.g.  in 
lead-  and  in  arsenic-poisoning,  a  thickening  of  the  connective-tissue 
septa  of  the  nerves  and  a  leucocytic  infiltration  take  place.  In  lead- 
poisoning,  the  motor  fibres  are  more  affected  than  the  sensory,  the  nerves 
of  the  forearms  and  hands  being  specially  involved,  producing  the  charac- 
teristic "  wrist-drop."  The  nerves  of  the  larynx  are  occasionally  affected. 
Oculo-motor  paralysis  occurs,  and  optic  nerve-atrophy  is  not  infrequent. 
In  arsenic-poisoning,  the  nerves  of  the  legs  are  usually  first  affected. 

In  the  neuritis  of  diabetes,  Bright 's  disease,  etc.,  a  purely  degenerative 
condition,  without  any  evidence  of  inflammation,  takes  place;  and 
changes  of  the  nature  of  arterio-sclerosis  are  generally  found  in  the  small 
blood-vessels,  and  may  be  responsible  for  the  nerve-changes.  Degenera- 
tions are  found  in  the  posterior  columns  of  the  cord,  and  in  the  cells 
of  the  anterior  horns.  The  degeneration  begins  by  the  breaking-up 
of  the  myelin  into  short  segments,  and  the  change  is  confined  largely  to 
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the  medullary  sheath.  Only  a  few  fibres  in  a  bundle  may  be  affected. 
The  axis-cylinders  become  beaded  or  varicose,  but  well-preserved. 
Degenerative  changes,  usually  myxomatous  in  type,  are  found  in 
nerves  in  some  cases  of  myxcedema. 

3.  NEURITIS  DUE  TO  THE  LOCAL  ACTION  OF  AN  ORGANISM, 
e.g.  the  neuritis  produced  by  leprosy,  in  which  disease  B.  leprce  is 
present  primarily  in  the  nerve-trunks.  In  the  neuritis  of  leprosy,  the 
nerve-lesion  is  confined  almost  exclusively,  at  least  in  the  earlier  period 
of  the  disease,  to  the  connective-tissue  sheaths  of  the  nerves,  these 
sheaths  undergoing  considerable  proliferation.  In  the  cellular  prolifera- 
tions, B.  leprce  is  found  in  enormous  numbers.  The  changes  in  the 
nerves  are  secondary  and  degenerative  in  type. 

TUMOURS  x  :— 

Neuromas. — True  neuromas  are  tumours  formed  by  the  actual  pro- 
liferation of  the  axis-cylinders,  as  well  as  of  the  accompanying  fibrous 
tissue.  The  proliferated  fibres  are  non-medullated,  and  form  a  very 
complex  mass  which,  on  section,  is  found  to  be  composed  of  true  nervous 
tissue.  False  neuromas  are  usually  fibromas  or  myxomas,  which  have 
developed  from  the  connective  tissue  in  or  around  nerves.  In  these, 
there  is  no  actual  neoplastic  overgrowth  of  the  nervous-tissue  elements 
proper ;  but  the  connective  tissue  may  penetrate  between  the  nerve-fibres 
and  split  the  nerve  up  into  distinct  bundles.  The  structure  of  the 
nerve-fibres  which  pass  through  the  tumour,  is  usually  unaltered,  but 
partial  or  complete  disappearance  of  the  myelin-sheath  may  occur. 

After  section  of  nerves,  e.  g.  in  amputations  or  in  wounds,  the  distal 
end  of  the  central  portion  of  the  divided  nerve  may  become  swollen  and 
simulate  a  tumour.  On  careful  examination,  it  is  seen  that  the  new 
formation  is  composed  of  granulation-tissue,  in  which  there  is  a 
limited  amount  of  proliferation  of  true  nervous  tissue.  These  so-called 
"  amputation  neuromas  "  are  thus,  in  the  great  majority  of  cases,  really 
the  result  of  an  attempt  at  repair,  and  are  not  true  tumours;  although, 
in  very  rare  instances,  neoplastic  growth  supervenes  upon  the  re- 
parative processes.  Such  "  neuromas  "  consist  of  bundles  of  nerve-fibrils 
embedded  in  an  overgrowth  of  developing  fibrous  tissue  derived  from 
the  endoneurium  and  perineurium. 

Ganglion-neuromata  have  been  described  as  occurring  in  t  be  mesentery, 
the  adrenals,  and  elsewhere.  The  tissue  of  the  tumours  contains  nerve- 
cells  and  nerve-fibres.  Those  found  in  the  adrenals  are  very  malignant 
and  are  composed  mainly  of  tissue  resembling  undifferentiat  ed  sympathetic 
neuroblast — and  have  been  called  neuroblastomas.  The  general  view  is 
that  they  are  embryomas  in  which  the  neuroblastio  tissue  predominates. 

In  Neuro-fibromatosis  (von   Recklinghausen's    disease    see    p.   287), 
multiple  nodules   appear  on  the  peripheral  nerves  and  are  associated 
with  subcutaneous  swellings.     In  these   nodules,  individual   nerve-fibres 
are  found  interspersed  among  the  fibrous  tissue. 
1  See  also  under  Neuroma,  p.  301. 
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DISEASES  OF  THE   BONES  AND  JOINTS 

Bone  consists  of  a  dense  matrix  arranged  in  layers — the  lamellae — impregnated 
with  lime-salts,  chiefly  phosphate,  and  containing  irregularly-shaped  branching 
cells  (bone-corpuscles),  enclosed  in  lacunae,  from  which  run  branching  canal- 
iculi.  The  bony  tissue  may  be  either  compact  or  spongy  in  character.  In  the 
spongy  bone,  the  blood-vessels  run  in  the  interstices,  supported  by  the  marrow ; 
but,  in  compact  bone,  they  are  contained  in  the  Haversian  canals,  round 
which  the  lamellae  are  arranged  in  a  concentric  fashion. 

Immediately  under  the  periosteum,  the  bone  is  denser  than  at  other  parts, 
the  lamellae  here  being  pierced  by  canals  for  blood-vessels  which  join  those 
in  the  Haversian  canals.  The  periosteum  is  composed  of  two  layers,  the 
inner  of  which  is  highly  vascular  and  contains  numerous  osteoblasts  or  bone- 
forming  cells. 

Bone  is  formed  by  an  ossification  in  connective  tissue,  and  may  or  may 
not  be  preceded  by  the  formation  of  cartilage.  In  the  ossification  of  cartilage, 
the  cells  become  enlarged  and  arranged  in  definite  rows ;  and,  in  the  matrix, 
as  well  as  in,  and  around,  the  cartilage-cells,  granules  of  calcareous  matter 
are  deposited.  At  the  same  time,  the  osteoblasts  at  the  deeper  part  of  the 
periosteum  form  fibrous  lamellae,  in  which  they  themselves  become  enclosed 
to  form  bone-corpuscles.  Later,  the  lamellae  become  calcified.  This  sub- 
periosteal layer  of  bone  extends  inwards,  the  calcified  cartilage  being  absorbed 
by  it,  and  irregular  spaces- — the  medullary  spaces — are  formed,  which  become 
filled  with  osteoblasts.  These  osteoblasts,  in  their  turn,  produce  new  lamellae, 
which  become  calcified.  The  absorption  of  the  calcified  matrix  appears 
to  be  effected  by  large  multinucleated  cells — the  osteoclasts.  The  regular 
lamellae  are  not  laid  down  till  some  time  after  birth. 

At  a  later  period,  the  cartilage,  at  one,  or  more  usually  at  both,  ends  of  the 
long  bones,  begins  to  ossify  from  a  separate  centre  or  centres.  Normally, 
these  epiphyses  do  not  become  joined  to  the  shaft  by  ossification  of  the  epi- 
physeal cartilages  until  the  growth  of  the  bone  is  completed.  The  bones  increase 
in  length  in  virtue  of  a  growth  of  the  cartilage  which  intervenes  between  the 
shaft  and  the  epiphyses,  and  a  gradual  extension  of  the  ossification  into  it. 
They  grow  in  width  by  successive  deposits  of  fresh  bony  layers  under  the 
periosteum,  and,  therefore,  in  operations  in  which  bone  is  removed,  it  is  im- 
portant, if  possible,  to  injure  the  osteogenetic  layer  of  the  periosteum  and  the 
epiphyseal  cartilages  as  little  as  possible.  Some  authors  regard  this  osteo- 
genetic layer  as  belonging  to  the  bone  rather  than  to  the  periosteum,  but, 
in  our  references,  in  the  succeeding  pages,  to  the  formation  of  new  bone, 
we  shall  assume  that  this  layer  is  periosteal.  It  is  probable  that,  in  the 
growth  of  bone,  the  balance  between  the  osteoblastic  and  the  osteoclastic 
processes  is  influenced  by  some  internal  secretion.  This  may  explain,  in  part, 
the  imperfect  development  in  rickets  and  in  cretinism.  The  overgrowth  in 
acromegaly  is  associated  with  disease  of  the  pituitary  body ;  and  extirpation 
of  the  parathyroids  in  the  rat  is  said  to  be  followed  by  a  diminution  of  the 
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Fig.  468. — Transverse  Section  through  Normal  Compact  Bone  {Tibia).  Shewing  the  Haver- 
sian Canals,  round  which  may  also  be  seen  the  concentric  lamellae.  Periosteum  is 
shewn  at  upper  left  corner.     (Lent  by  Professor  Alexis  Thomson,  C.M.G.)     x28. 


Fig.  469. — Longitudinal  Section  of  the  Upper  Kndofth  Tibia  of  an  Infant.  Shewing  spicules 
of  newly-developed  compact  bono,  with  layer  of  osteoblasts  on  their  surface;  and 
cellular  bone-marrow  in  tho  intervening  spacos  of  tho  bone.  The  white  spaces 
are  due  to  artificial  retraction.     (Lent  by  Professor  Alexis  Thomson.  (      I  100. 
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calcium-content  in  the  blood  and  a  defective  deposition  of  lime  in  the  bones. 
Calcification  and  ossification  of  cartilage  may  take  place  prematurely,  and 

lead   to    a   certain   impairment    of    m<  This    early    calcification    is 

frequently  seen  in  the  costal  cartilages.     In  some  eases.  I 

with  a  defective  blood-supply,  resulting  from  arterial  d<  on. 

In  intra-membranous  ossification,  the  lime-saltfl  are  deposited  in  a  fibrous 
tissue  which  contains  numerous  osteoblast 

In  studying  the  diseases  of  bone,  it  should  be  remembered  that  the 
formative  activity  of  this  tissue  is  retained  more  completely  and  efficiently 
than  that  of  practically  any  other  structure  in  the  body  :  that  the  b 
are  constructed  upon  a  definite  plan  which  enables  them  to  resist  the 
various  mechanical  forces,  of  necessity  applied  to  them  :  and  that,  there- 
plastic  overgrowth,  guided  by  a  definite  architectural  design,  may 
take  place  under  the  influence  of  various  stimuli. 

Thus,  where  fracture  or  bending  of  bones  has  occurred,  there  may 
be  overgrowth  of  osseous  tissue  for  protective  purposes ;  but,  in  addition, 
there  is  a  definite  plan  of  reconstruction  in  order  to  meet  the  new  lines 
along  which  pressure  or  stress  may  be  applied  to  the  injured  bones. 

MALFORMATIONS  OF  BONE.— A  premature  coalescence  (Synostosis) 
of  the  bones,  or  of  component  parts  of  a  bone,  may  occur,  and  lead  to 
various  deformities.  Among  the  commonest  of  these  malformations 
are  synostosis  of  the  sacro-iliac  articulation,  which  leads  to  narrowing 
of  the  pelvis,  either  on  one  side,  or  on  both  sides,  depending  upon  whether 
there  is  affection  of  one  or  both  articulations;  and  synostosis  of  the 
epiphyseal  cartilages  in  growing  bones,  which  may  bring  about  "  shorten- 
ing " — or,  more  accurately,  deficient  growth  and  elongation  — and  other 
abnormalities  in  the  long  bones.  The  condition  of  premature  Bynoei 
of  the  cranial  bones,  said  to  occur  in  microcephaly,  has  already  been 
described  (see  p.  965).  There  may  also  be  abnormal  osseous  union 
between  the  bones  of  the  tarsus  or  carpus,  and.  associated  with  this  or 
distinct  from  it.  absence  of  certain  of  the  bones.  Such  malformations 
may  be  symmetrical  on  the  two  sides. 

Absence  of  bones  such  as  the  clavicle,  the  lower  jaw,  the  patella  certain 
bones  of  the  skull,  etc.,  may  be  a  congenital  condition.  Deficiency  in 
the  neural  aide  -  of  spina  bifida  (sec  p.  992).     Excessive 

and   irregular  growth  of  bone  may  be  seen  in  gigantism  and  in  acro- 
megaly (>•"  ])]».  857  i '  seq.). 

Other  malformations  of  bones  occur,  but  are  not  of  sufficient  patho- 
logical importance  to  call  for  description. 

RICKETS. — This  disease  is  limit  hildhood,  and.  usually  to  the 

first  two  years  of  infancy,  developing  usually  between  *  ith  and 

eighteenth  months  of  extra -uterine  life. 

Etiology.— Though  the  essentia]  cause  of  rickets  is  still  obscure. 
there  seems  to  be  little  doubt  that  it  is,  to  a  large  extent,  connected  in 
some  way  with  improper  feeding  and  bad  hygienic  surroundings.     1 
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extremely  common  among  the  poorer  classes.  It  has  been  pointed  out, 
however,  that  the  disease  often  occurs  in  children  who  have  been  weakened 
by  some  acute  disease,  such  as  measles  or  scarlet  fever;  and  it  seems 
probable  that  improper  feeding  and  absence  of  fresh  air  and  sunlight 
may  act  in  the  same  way,  by  weakening  the  individual,  and  thus  inter- 
fering with  the  normal  ossification  of  the  bones.  Experiments  on  animals 
have  shewn  that,  if  the  diet  is  deficient  in  "  vitamines,"  the  bones  are 
fragile  and  easily  break  off  at  the  junction  of  the  shaft  and  epiphysis. 
The  jaws  are  brittle  and  the  teeth  usually  loose.  There  are  marked 
swellings  on  the  ribs  at  the  bone-cartilage  junction.  Haemorrhages  into 
the  tissues,  such  as  are  seen  in  scurvy,  were  marked  in  these  experimental 
animals.  Various  chemical  hypotheses  have  been  propounded  to  explain 
the  development  of  the  disease — such  as  a  deficiency  of  phosphorus  or  of 
lime-salts  :  or  an  excess  of  lactic  acid,  which,  being  a  solvent  of  lime-salts, 
has  been  supposed  to  prevent  their  deposition  in  the  bones.  None  of 
these  hypotheses  is  supported  by  facts.  Another  possible  explanation 
is  that  the  primary  cause  of  the  condition  is  an  auto-intoxication  origin- 
ating in  the  alimentary  canal,  and,  in  favour  of  such  a  view,  is  the 
constant  presence  of  gastro-intestinal  disturbances  in  these  cases. 

Some  authorities  have  held  that  rickets  is  merely  a  manifestation  of 
congenital  syphilis,  but,  though  syphilis  may,  and  often  does,  occur  along 
with  rickets,  there  is,  we  think,  no  doubt  that  the  two  conditions  are 
entirely  independent,  and  that  rickets  may  occur  in  children  in  whom 
congenital  syphilis  is,  in  the  highest  degree,  improbable. 

Morbid  Anatomy. — Rickets  produces  deformities,  not  only  in  the 
shape  of  the  bones,  but  also  in  their  structural  characteristics.  These 
changes  are  due  partly  to  absorption,  and  partly  to  irregular  but  excessive 
growth. 

They  manifest  themselves  in  the  following  ways  : — 

(1)  Enlargement  of  the  ends  of  the  long  bones,  especially  at  and  near 
the  cartilaginous   zone  between  the  ossifying  epiphyses  and  shaft. 

(2)  Softening  of  all  the  bones. 

(3)  Thickening  of  the  flat  bones,  e.g.  the  scapula,  the  pelvis,  and  the 
skull. 

(4)  Deformities  of  the  softened  bones,  produced  usually  by  mechanical 
means. 

Enlargement  of  the  ends  of  the  long  bones  is  seen  best  at  the  junction 
of  the  ribs  with  the  costal  cartilages — the  so-called  "  beading  of  the 
ribs" — and  at  the  lower  ends  of  the  radius,  ulna  and  tibia,  but  may 
occur  in  any  of  the  long  bones.  The  enlargement  is  due  to  an  excessive 
formation  of  the  structures  which  precede  ossification,  to  an  irregularity 
in  the  method  of  bone-formation,  and  to  a  retardation  of  the  process. 
There  is  an  abnormal  increase  in  the  amount  of  spongy  tissue  ;  the  bone, 
in  which  the  irregular  ossification  is  taking  place,  is  much  more  vascular 
than  normal;  and  reddish,  vascular  areas  may  also  be  seen  in  the  cartilage. 
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The  blue  line  of  cartilage  which  marks  the  junction  of  the  epiphysis  with 
the  shaft  of  the  bone  is  usually  very  irregular,  considerably  thickened, 
and  in  marked  contrast  with  the  uniform,  well-defined  narrow  line  seen 
in  normal  ossification. 

On  microscopical  examination,  there  is  a  considerable  increase  in  the 
breadth  of  the  zone  of  multiplying  cartilage-cells.  The  cells  are  in 
much  larger  numbers,  and  are  arranged  in  rows  which  are  much  more 
irregular  than  those  seen  in  normal  ossifying  tissue.  The  individual 
cells  may  be  swollen,  or  may  be  smaller  than  normal — such  variation  in 
size  being  a  marked  feature  of  the  condition.     Calcification  of  the  matrix, 


Fig.  470. — Longitudinal  Section  of  Coito-Chondral  Junction. 
shewing  a  very  broad  and  irregular  line  of  ossification. 
Thomson,  C.M.G.)     X5. 


From  a  case  of  Rickets, 
(Lent  by  Professor  Alexis 


and  of  the  cartilage-cells,  is  also  irregular,  some  of  the  calcified  cells 
lying  close  to  the  line  of  ossification,  others  being  situated  at  considerable 
distances  from  it.  Sometimes,  the  cytoplasm  of  the  cartilage-cells 
calcifies,  whilst  the  nucleus  remains  unaltered.  This  irregular  calci- 
fication of  the  cells  may  take  place  close  to,  and  be  continuous  with,  the 
bone,  the  uncalcified  nucleus  resembling  a  bone-corpuscle,  and  suggesting 
the  possible  transformation  of  cartilage-cells  into  bone-corpuscles.  Blood- 
vessels are  seen  in  the  midst  of  the  cartilage,  having  penetrated  from  the 
bone — hyaline  cartilage  being,  under  normal  circumstances,  a  non- 
vascular tissue — and,  around  the  vessels,  absorption  and  ossification  may  be 
taking  place  simultaneously.  In  the  osteogenetic  layer  of  the  periosteum, 
an  excessive  formation  of  cells  and  an  increased  vascularity  occur,  and 
the  osteoblasts  may  form  a  layer  of  considerable  thickness.     Bone  may 
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Fig.  471. — Longitudinal  Section  of  a  Costo -Chondral  Junction.  From  a  case  of  Rickets, 
shewing  the  irregular  zone  of  ossification  at  the  line  of  junction  between  cartilage 
and  bone.     (Lent  by  Professor  Alexis  Thomson,  C.M.G.)     x4. 


Fia.  472. — Longitudinal  Section  through  a  ( -otto-i  Tumdral  J  miction.    From  i  I  ickets, 

shewing  the  swelling  and  irregular  oseifioatioxi  at  junction  of  DOQ6  and  cartilage. 
(Lent  by  Professor  Alexis  Thomson,  C.M.G.)     x  5. 
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be  formed  in  excessive  amount,  but  is  usually  very  spongy  in  character, 
imperfectly  developed,  and,  as  a  general  rule,  very  vascular.  '  The  matrix 
is  granular,  the  lime-salts  being  deposited  in  an  irregular  fashion,  and 
true  bone  is  not  formed.  Thus,  the  condition  is  rather  one  of 
calcification  than  of  ossification,  and  the  new  tissue  has  been  described 
as  "  osteoid "  tissue.  The  flat  bones  may  become  thickened.  As  a 
result  of  this  pathological  ossification,  the  bones  may  be  enlarged,  but 
the  enlargement  consists  of  soft,  spongy  tissue  which  is  not  able  to 
resist  pressure  or  traction,  and,  in  consequence,  deformities  of  various 
kinds  arise. 


Fig.  473. — Longitudinal  Section  of  a  Costo- Chondral  Junction.  From  a  case  of  Rickets, 
shewing  irregular  areas  of  cartilage  (to  the  right)  and  very  irregular  masses  (dark) 
of  "  osteoid  "  tissue.      X30. 


Deformities  of  the  Bones  due  to  Rickets. — Thickening  or  "  clubbing  " 
of  the  growing  ends  of  the  bones  is  a  common  feature,  which  may  persist 
in  later  life,  though,  in  many  cases,  it  ultimately  disappears.  The 
bones  are  usually  short  and  thick,  but,  during  the  active  course  of  the 
disease,  they  bend  easily  and  give  rise  to  various  deformities,  which  may 
become  permanent  when  the  soft  rickety  bones  become  denser  and 
firmer,  as  they  do  when  the  active  period  of  the  disease  passes  off. 

In  the  long  bones,  the  deformities  due  to  mechanical  agencies  occur 
especially  in  the  lower  limbs,  and  take  the  form  of  curvatures,  the  two 
principal  forms  of  which  are  Genu  valgum  and  Genu  varum. 

In  Genu  valgum,  or  knock-knee,  there  is  usually  a  curving  of  the 
lower  part  of  the  femur — the  convexity  of  the  curve  being  inwards.  Thus, 
the  internal  condyles  of  the  femora  arc  thrown  together,  and  are  placed 
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Fig.  474. — Extreme  Rickety  Deformities  of  the  Femur  and  the  Tibia      (These  were  1 1 1  *  - 
bones  of  David  Ritchie,  Scott's  "Black  Dwarf.")     Note  the  flattening oi  bhesh&i 
the  deformed  bones.     (Edinburgh  University  Anatomical  Museum.     Catal 
Os.  D.  i.  8.) 
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at  a  lower  level  than  the  external  ones.  The  tibiae  diverge  from  one 
another,  but  are  not  necessarily  curved.  The  femur  may,  in  addition, 
shew  an  anterior  curvature,  and  the  tibia  a  similar  condition.  In  an 
advanced  stage  of  the  deformity,  the  knee-joints  may  cross  each 
other. 

In  Genu  varum,  or  bow-legs,  the  shafts  of  both  the  femora  and  the 
tibiae  are  curved — the  convexity  of  the  curve  being  outwards.    The  tibia 

usually  shews  the  condition  in  much 
more  marked  degree  than  the  femur. 
Anterior  curvature  may  also  be  present. 
Marked  deformities  in  the  bones  of 
the  arms  are  not  so  common.  Partial 
or  complete  fracture  of  the  long  bones 
is — on  account  of  their  softness — liable 
to  occur  in  the  earlier  stage  of  the 
disease.  In  such  an  incomplete  or 
"  greenstick-iracture,"  the  convex  sur- 
face of  the  bone  gives  way,  but  the 
concave  does  not. 

In  the  chest,  the  deformity  may  be 
very  marked,  and  its  effects  serious. 
Besides  the  "  beaded  "  appearance  of  the 
ribs,  to  which  reference  has  already  been 
made,  there  may  be,  during  inspiration, 
and  while  the  bones  are  still  soft  and 
yielding,  a  drawing  in  of  the  ribs,  and  the 
production  of  a  depression  which  runs 
transversely  from  the  lower  end  of  the 
sternum  across  the  chest,  on  each  side,  to 
the  posterior  margin  of  the  axilla,  about 
the  level  of  the  diaphragm.  Another  de- 
pression is  produced  which  runs  obliquely 
down  the  anterior  aspect  of  the  chest  on 
each  side,  along  the  line  of  junction  of  the 
bony  ribs  with  the  costal  cartilages.  It  is 
in  the  line  of  this  latter  depression  that 
I  he  "  beading  "  of  the  ribs  is  seen.  These  changes  cause  a  straightening  of 
the  ribs,  with  a  consequent  pushing  forward  and  bending  of  the  sternum 
(pigeon-breast  appearance).  The  deformities  thus  produced  may  greatly 
interfere  with  the  respiratory  movements,  and,  in  cases  in  which  other 
diseases  supervene,  may  seriously  complicate  them. 

The  softening  of  the  vertebrae  leads  to  the  occurrence  of  curvature, 
which  may  be  merely  an  exaggeration  of  the  normal  antero-posterior 
curvature  (kyphosis  and  lordosis).  Lateral  curvature  (scoliosis)  also  fre- 
quently occurs.    The  spinal  curvatures  tend  to  produce  corresponding 


Fio.  475. — Ricktly  Deformities  of 
Tibia  and  Fibula.  Note  the  flat- 
tening of  the  bones — especially  of 
the  Fibula — and  the  sickle-shaped 
margin.  (Edinburgh  University 
Anatomical  Museum.  Catalogue 
No.,  Os.  D.  i.  23.) 
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deformities  of  the  thorax  and  abdomen,  and  displacements  and  other 
abnormalities  in  their  contents.  The  chief  deformity  in  the  pelvis  is  a 
pushing  forward  of  the  sacrum,  and  a  consequent  diminution  in  the 
antero-posterior  diameter  of  the  inlet — a  condition  usually  associated 
with  lordosis  or  exaggeration  of  the  lumbar  convexity.  In  the  skull, 
the  bones  may  be  thickened,  the  circumference  of  the  cranium  increased, 
and  the  summit  flattened,  so  that  the  frontal  eminences  bulge,  and, 
in  severe  cases,  the  forehead  may  overhang  the  face.  The  parietal 
eminences  may  also  be  very  prominent,  and  produce — along  with  the 
protuberant  frontal  bones — the  square  or  box-shaped  cranium.  The 
closure  of  the  fontanelles  is  usually  delayed.  Occasionally,  especially 
in  the  occipital  region,  areas  of  the  cranial  bones  may  be  very  thin  and 
atrophied,  and  can  be  easily  indented  by  pressure  with  the  ringer.  This 
condition,  which  is  called  Craniotabes,  is  a  common  manifestation  of 
congenital  syphilis,  and  it  is  doubtful  if  it  occurs  in  rickets  uncomplicated 
by  that  disease. 

In  rickets,  recovery  from  the  active  disease  very  commonly  takes 
place,  but,  usually,  a  varying  degree  of  deformity  persists.  A 
reparative  process  frequently  supervenes,  and  a  definite  sickle-shaped 
ridge  (see  fig.  475)  is  produced  along  the  concavity  of  the  shafts  of  the 
deformed  long  bones.  This  acts  as  a  kind  of  buttress,  and  may  con- 
siderably strengthen  the  bones,  which,  in  after  life,  not  infrequently 
become  abnormally  dense  in  character.  It  is  common  to  find,  in  assoc- 
iation with  rickets,  enlargement  of  the  fiver,  dilatation  of  the  stomach, 
enlargement  of  mediastinal  glands,  gastro-enteritis,  etc. 

SCURVY-RICKETS  (INFANTILE  SCURVY— BARLOW'S  DISEASE):— 

This  is  really  a  scorbutic  manifestation  in  a  rickety  child. 

Hemorrhagic  extravasations  are  common,  and  are  found  in  the 
sub-periosteal  tissues  in  the  tibia  and  femur  near  the  joints.  Occasionally. 
the  epiphysis  becomes  separated.  Haemorrhages  in  the  gums  and  from 
the  mouth,  nose,  bowel  and  kidney  may  occur.  The  periosteum  of  the 
affected  bone  becomes  thickened  and  unduly  vascular,  and  the  under- 
lying bone  rarefied.  New  sub-periosteal  bone  may  be  formed,  but  this 
is  always  imperfect. 

ACHONDROPLASIA. — In  this  congenital  disease,  the  aetiology  of  which 
is  not  known,  the  growth  of  those  bones  which  are  formed  in  cartilage, 
is  deficient.  The  epiphyses  of  the  long  bones  are  enlarged,  but  the 
diaphyses  "  shortened,"  i.  e.  there  is  deficient  elongation.  The  frontal 
region  of  the  skull  is  unduly  prominent,  and  the  base  La  proportionately 
diminutive.  The  mandible  is  usually  prominent  and  the  bridge  of  the 
nose  depressed. 

Microscopically,  the  bones  present  many  of  the  font  arcs  of  rickets, — 
the  rows  of  cartilage-cells  in  the  epiphyseal  line  are  irregular,  and  the 
cells  are  enlarged  and  shew  very  little  evidence  of  proliferation. 
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ATROPHY  OF  BONE  :— 

True  atrophy  of  bone  is  seen  commonly  in  old  age,  and  consists  of  a 
general  diminution  of  the  organic  matrix,  with  an  increased  porosity, 
and  a  decrease  in  thickness,  of  the  bone.  This  senile  atrophy  is  well  seen 
in  the  lower  jaw  (see  fig.  476),  in  the  bones  of  the  skull,  and  both  in  the 
shaft  and  at  the  articular  ends  of  the  long  bones — the  neck  of  the  femur 
often  shewing  the  change  in  an  extreme  degree,  with  alteration  in  its 
angle,  predisposing  to  fracture. 

Atrophy  from  disease  is  seen  in  the  bones  of  the  limb  above  the  seat 
of  an  amputation  (see  fig.  477),  or  in  a  limb  which,  from  paralysis  or  as 
a  result  of  fracture  or  other  injury,  is  not  used.  The  atrophy  associated 
with  various  nervous  lesions  is  probably,  in  part,  an  atrophy  due  to 
disuse,  and  thus  the  atrophy  seen  in  infantile  paralysis,  in  pseudo- 
hypertrophic paralysis,  and  in  locomotor  ataxia,  may  be  partly  explained. 
The  nervous  mechanism,  however,  has  an  important  role  in  such  cases, 
and,  in  some,  e.  g.  in  the  atrophy  following  leprosy,  the  involvement  of 
the  nerves  in  the  leprous  lesion,  with  the  consequent  loss  of  their  trophic 
influence,  must  be  regarded — apart  from  the  actual  invasion  of  the  bones 
by  the  infective  process  itself — as  the  main  causal  factor  in  producing 
the  wasting  of  the  bone. 

Atrophy  due  to  pressure  is  illustrated  in  the  erosion  of  bony  structures 
such  as  the  sternum  or  the  vertebrae  by  aneurisms  (see  fig.  265,  p.  559), 
tumours,  etc.,  and  the  erosion  of  the  skull  by  the  Pacchionian  bodies. 
The  process,  in  these  cases,  is,  however,  rather  one  of  absorption  than  of 
true  atrophy. 

The  important  and  profound  changes  which  occur  in  the  bones  in 
connection  with  the  various  reactions  of  the  bone-marrow  as  a  haemo- 
poietic  tissue,  have  already  been  discussed  in  the  Chapter  on  Blood 
Diseases,  p.  586. 

OSTEOMALACIA  is  especially  a  disease  of  women,  generally  com- 
mencing during  pregnancy,  and  gradually  increasing  during  the  whole 
period  of  child-bearing.  It  is  relatively  more  common  among  the  poor 
and  ill-nourished  ;  and  unduly  frequent  child-bearing  seems  to  play  some 
part  in  its  causation.  In  its  early  stages,  it  affects  especially  the  bones 
of  the  pelvis,  but,  later,  the  disease  may  spread  to  the  vertebrae,  the  ribs. 
and  the  femora.  The  bones  of  the  head,  and  those  of  the  hands  and 
feet,  are  implicated  only  in  very  exceptional  cases.  The  affected  bones 
are  so  soft  that  they  can  be  readily  cut  with  a  knife;  and  bending  of 
them,  wherever  pressure  is  exerted,  is  a  common  result.  In  the  pelvifl 
(see  fig.  478),  the  bones  become  compressed  or  pushed  inwards  at  the 
acetabula — i.  e.  in  the  lines  of  pressure  which  pass  through  the  heads  of 
the  femora — as  well  as  at  the  sacrum,  through  which  the  weight  of  the 
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Fig.  476. — Atrophy  of  the  Lower  Jaw  in  Old  Age.  The  bone  is  greatly  reduced  in  size, 
edentulous,  and  with  its  alveolar  border  completely  absorbed.  (Edinburgh  University 
Anatomical  Museum.     Catalogue  No.,  Os.  D.  b.  2.) 


Fig.  477. — (A.)  Atrophy  of  Head  and  Upper  Part  of  Shaft  of  Humerus  following  upon 
amputation.  (B.)  Html  of  oppoeiU  Bone  f<>r  comparison,  (Specimens  lent  by 
Mr.  Henry  Wade,  C.M.G.,  D.S.O.) 
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body  is  communicated.  The  symphysis  pubis  is  pushed  forward,  making 
a  beak-like  projection ;  and  the  anterior  surface  of  the  sacrum  shews  an 
increased  concavity,  its  promontory  being  carried  forward.  The  cavity 
of  the  pelvis  is  thus  narrowed,  and  the  pelvic  inlet  becomes  markedly 
heart-shaped  or  tri-radiate.  From  the  nature  of  these  distortions,  the 
pelvis  has  been  termed  the  crushed  or  beaked  pelvis.  The  femora,  and 
perhaps  the  other  long  bones  of  the  lower  limbs,  may  shew  marked 
bending;  and,  if  the  vertebrae  are  softened,  there  may  be  curvature 
and  twisting  of  the  spine  in  various  directions.    The  ribs  soften,  and  so- 


FiG.  478. — "  Crushed  Pelvis."     From  a  case  of  Osteomalacia. 

called  "  spontaneous  "  fracture  occurs,  the  lateral  diameter  of  the  chest 
being  narrowed  and  its  antero-posterior  diameter  increased. 

Changes  in  the  affected  bones. — There  is  a  decalcification  of  the  bony 
trabecule  near  the  medullary  spaces  and  the  Haversian  canals — this 
process  gradually  extending  towards  the  surface.  Associated  with  the 
decalcification,  absorption  and  atrophy  of  the  trabecule  occur,  and,  thus. 
the  medullary  spaces  are  increased  in  size.  These  changes  are  usually 
very  irregularly  distributed.  The  decalcification  commences  at  the 
surfaces  of  the  trabecular,  often  leaving  the  central  part  ossified. 

In  the  advanced  condition,  there  may  be  merely  a  thin  external 
layer  of  bone,  surrounding  very  spongy  tissue,  in  which  calcareous  salts 
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may  be  left  only  in  very  few  areas.  The  bone-marrow  shews  usually  a 
great  increase  in  all  its  cellular  elements,  the  large  osteoclasts  or  multi- 
nucleated giant-cells  being  specially  abundant ;  and  haemorrhages  are  not 
uncommon. 

Stefanelli  and  Levi  (Riv.  crit.  di  din.  med.,  August  1908)  reported  the 
isolation  of  a  diplococcus  from  two  cases  of  osteomalacia,  and  the  repro- 
duction of  the  disease  in  a  mild  form  in  rats  which  had  been  inoculated 
with  this  organism  by  Morpurgo— nine  out  of  thirteen  animals  being 
affected .    This  work  has  not  been  confirmed,  and  the  view  commonly 


Fig.  479. — Section  of  a  Vertebral  Body  in  Osteomalacia.     Shewing  widening  of  the 
medullary  spaces,  with  absorption  of  the  bony  trabecular      x  60. 

held  at  present  is  that  the  disease  is  due  to  some  pathological  modifica- 
tion of  the  internal  secretion  from  some  of  the  genital  organs. 

Forms  of  deformity  of  bones  associated  with  chronic  nephritis  have  been 
described  as  osteomalacia  by  several  authors.  In  these  cases,  the  bones  are 
soft  and  can  readily  be  cut  with  a  penknife,  and  the  changes  have  been  marked 
especially  at  the  neck  of  the  femur  and  the  lower  end  of  the  radius  or  tibia, 
the  bending  of  the  bones  being  very  marked.  Infantilism  is  frequently  an 
associated  condition. 


CIRCULATORY  DISTURBANCES  IN  BONE  :— 

Venous  congestion  and  thrombosis  may  occur  in  bones  as  in  other 
tissues  and  organs. 

Haemorrhage,  either  under  the  periosteum  or  into  the  bone-marrow, 
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may  result  from  traumatism,  or  be  a  manifestation  of  osteomalacia,  of 
scorbutus,  or  of  purpura.  The  effused  blood  may  cause  separation  of 
the  periosteum  from  the  bone,  and  so  bring  about  necrosis.  Extensive 
haemorrhage  into  the  bone-marrow  may  also  occur  in  acute  infective 
conditions,  e.g.  streptococcal  septicaemia.1 

INFLAMMATION  OF  BONE  :  OSTITIS  or  OSTEITIS,  PERIOSTITIS, 
OSTEOMYELITIS  :— 

The  majority  of  cases  of  inflammation  in  bone  occurs  in  childhood, 
when  the  tissue  is  still  actively  growing.  The  inflammation  is  very 
often  suppurative  in  character  and  due  to  pyogenetic  organisms, 
either  introduced  directly  by  a  wound,  or  carried  by  the  blood-stream 
from  some  more  or  less  distant  infective  focus,  such  as  skin,  tonsils,  etc., 
to  the  bone  and  lodged  there,  possibly,  in  many  cases,  at  an  injured  focus. 
In  later  life,  inflammation  of  bone  may  be  secondary  to  bullet  or  other 
wounds,  to  septic  infection  spreading  from  the  site  of  amputations,  or 
to  a  compound  fracture  of  any  bone.  In  all  these  cases,  the  organisms 
are  introduced  from  without  at  the  time  of  the  injury — they  are  of  the 
pyogenetic  type  and  the  inflammation  is  usually  suppurative  in  character. 

Abscesses  form  at,  and  in  the  neighbourhood  of,  the  seat  of  injury, 
and  may  invade  the  medullary  cavity,  destroying  the  bone-marrow. 
Thrombosis  of  the  veins  is  a  frequent  sequel,  and,  owing  to  disintegration 
of  the  septic  thrombus,  pyaemic  abscesses  may  be  produced,  especially 
in  the  lungs  and  the  wall  of  the  heart.  The  injury  may  be  a  slight  one,  but 
the  fact  that  the  inflammation  occurs  most  commonly  in  bones  which  are 
exposed  to  external  violence,  and  that  boys  are  more  frequently  attacked 
than  girls,  points  to  injury  as  having  an  important  relationship  to  the 
disease.  Though  various  pyogenetic  bacteria  may  be  the  cause  of  such 
acute  suppurative  conditions  in  bone,  Staphylococcus  pyogenes  aureus  is 
the  organism  most  commonly  found,  the  term  staphylococcal  fever  being 
sometimes  applied  to  such  cases.  Any  cause  of  general  or  local  lowering 
of  resistance,  such  as  cold  or  one  of  the  exanthemata,  is  a  predisposing 
factor. 

Typhoid  osteitis  is  a  well-recognised  condition  occurring  during  or  after 
an  attack  of  typhoid  fever,  and  is  of  the  nature  of  a  subacute  or  chronic 
periosteomyelitis,  most  commonly  in  the  tibia,  but  not  infrequently  in 
the  ribs  and  sternum. 

The  characters  of  the  lesions  vary  considerably,  depending  upon  t lie 
virulence  of  the  organism,  the  seat  of  infection,  and  the  resisting  power 
of  the  patient — such  suppurative  conditions  of  bone  being  most  frequent 
in  weakly  children.  The  bones  most  commonly  affected  are  the  long 
bones,  especially  the  tibiae;  but  the  vertebrae,  the  ribs,  and  the  bones  of 

1  Carnegie  Dirk-on,  TJu  Bone-Men  •  London,  l 

p.  140. 
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the  pelvis,  may  also  be  attacked.  In  a  long  bone,  the  primary  lesion  is 
usually  para-epiphyseal,  i.  e.  in  the  shaft  on  the  diaphyseal  side  of  the 
epiphyseal  cartilage,  but  may  commence  in  the  epiphysis  itself.  The 
bone-marrow  is  affected  very  early,  and  the  inflammatory  reaction 
spreads  along  the  para-epiphyseal  line  and  under  the  periosteum.  Pus 
forms,  fills  the  medullary  cavity,  invades  the  looser  sub-periosteal  tissue 
and  spreads  to  the  bone  itself.  The  spread  to  the 
neighbouring  joint  is  usually  arrested  by  the 
epiphyseal  cartilage. 

In  some  cases,  especially  the  periosteum  is  involved 
(acute  periostitis),  and  shews  all  the  phenomena  of 
acute  inflammation  and  suppuration.  The  pus 
accumulates  between  the  periosteum  and  the  bone, 
and  the  latter,  being  thus  separated  from  its  main 
source  of  blood-supply,  may  undergo  necrosis.  In 
the  majority  of  cases,  the  inflammation  and  sup- 
puration tend  to  be  more  widely  spread,  and  to 
involve  the  periosteum  (periostitis),  the  bone  (ostitis 
or  osteitis)  and  the  medulla  (osteomyelitis);  and  pus 
may  be  present  in  the  substance  of  the  bone  and  in 
the  medullary  cavity.  Necrosis  of  bone  is  common 
in  these  cases,  and,  as  just  noted,  is  due  to  an 
interference  with  the  blood-supply,  as  well  as  to 
the  local  action  of  the  bacteria  and  their  products 
{vide  Necrosis  of  Bone,  pp.  1034-6). 

Localised  abscesses  may  be  found  in  bone, 
especially  in  the  cancellous  tissue  at  the  extremities 
of  the  long  bones,  usually  in  close  proximity  to  the 
epiphyseal  cartilage,  e.  g.  in  the  head  of  the  tibia,  on 
the  diaphyseal  side  of  the  cartilage  (Brodie's  abscess, 
etc.).  These  may  be  due  to  a  primary  infective 
condition  of  the  bone  itself;  or  may  arise  during 
an  attack  of  typhoid  fever,  scarlet  fever,  measles, 
etc.  These  abscesses  become  surrounded  by  a  dense 
wall  of  bone. 

CHRONIC  OSTITIS  may  be  a  sequel  of  necrosis 
of  bone  (see  p.  1036),  the  dead  portion  keeping  up 
the  irritation ;  or  it  may  result  from  traumatic  causes,  round  foreign 
bodies  such  as  bullets,  and  round  fractures,  especially  where  union  is 
delayed,  or  from  specific,  slowly-acting  irritants  suvh  as  those  of 
tuberculosis  and  syphilis.  The  changes  produced  may  1><J  either  of  a 
formative  or  of  a  rarefying  type. 

In  the  formative  type,  there  is  thickening  of  t  ho  bona  tally 

from  new  formation  on  the  surface,  the  deeper  layer  of  the  periosteum 
proliferating  and  giving  rise  to  a  species  of  granulation-tissue,  the  roll- 


afl  am 


Fia.  480. — Necrosis  of 
Bout.  Shewing  se- 
questrum (pale)  in 
centre,  surrounded 
by    the    "new   Of 

(i:  Museum, 

Edinburgh.) 
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acting  as  osteoblasts.  This  new  formation  may  also  take  place  in  the 
medullary  canal,  and  the  bone  may  become  greatly  thickened  and 
condensed. 

In  the  rarefying  type,  the  granulation-tissue  cells  act  as  osteoclasts, 
and  bring  about  absorption  of  the  bony  trabecule,  thus  widening  the 
various  spaces  and  channels — a  condition  which  is  seen  especially  in  the 
shafts  of  the  long  bones.  Usually,  side  by  side  with  the  rarefying  process, 
there  is  also  new  formation  taking  place,  so  that,  though  the  bones  may 
become  more  cancellous,  they  may,  at  the  same  time,  be  increased  in 
thickness. 
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Fig.  481. — Sclerosis  of  Phalanx.  Shewing  thickening  of  periosteum  and  increased  density 
of  the  subjacent  bone  formed  from  it,  together  with  narrowing  of  medullary  spaces. 
(Lent  by  Professor  Alexis  Thomson,  C.M.G.)     X45. 

CARIES  OF  BONE  :— 

Caries  is  a  term  applied  to  the  softening  and  destruction  of  bone, 
and  is  seen  especially  in  tuberculous  affections,  but  may  also  result  from 
osteomyelitis,  and  be  frequently  associated  with  necrosis.  The  bone  is 
extremely  soft  and  spongy,  and  breaks  down  readily.  Further  reference 
will  be  made  to  this  condition  under  Tuberculosis  of  Bone  (p.  1041). 


NECROSIS  OF  BONE.— In  necrosis,  there  is  death  of  a  portion  of 
bone,  this  being  brought  about  principally  by  the  separation  of  the 
periosteum  from  the  bone  by  non-suppurative  or  suppurative  inflam- 
matory exudates,  etc.,  and  the  consequent  cutting  off  of  the  principal 
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source  of  blood-supply.  It  may  develop  also  as  a  result  of  acute  or 
chronic  inflammatory  changes  in  the  bone  itself,  and  is  extremely 
common  in  connection  with  bullet-  and  other  wounds  and  injuries, 
sequestra,  in  such  cases,  being  frequently  multiple  when  much  splintering 
of  the  bone  has  occurred. 

Morbid  Anatomy. — The  necrosis  may  be  localised,  or  may  involve  an 
extensive  portion,  or  even  the  whole  shaft,  of  a  long  bone,  an  epiphysis, 
or  even  some  of  the  flat  bones,  e.g.  the  skull.  The  dead  piece  of  bone 
sometimes  retains  its  form  and  general  appearance,  but  it  frequently 


Fig.  482. — An  Osteophyte,  in  which   the  bone  is  undergoing  absorption    by  osteoclasts 
lying  adjacent  to  the  bony  trabecular  (Lent  by  Professor  Alexis  Thomson,  C.M.G.)   X  60. 


becomes  white,  opaque,  dry,  and  very  hard.  With  the  necrosis,  there  are 
always  associated  inflammatory  conditions,  in  the  relation  either  of  cause  or 
of  effect;  and  the  dead  bone  (sequestrum)  becomes  surrounded  by  a  mass 
of  granulation-tissue,  in  which  ossification  may  take  place.  Thus  an 
irregular  external  new  case  or  shell  surrounding  the  dead  bone  may  be 
produced  (see  fig.  483);  and,  in  this,  the  sinuses  through  which  the  pus  is 
discharged  remain  as  permanent  apertures.  This  new  bone  is.  at  first, 
soft  and  friable,  but,  later,  becomes  thick  and  dense,  forming  the  involu- 
crum,  or  case;  and,  eventually,  it  is  strong  enough  to  act  aa  the  shaft  of 
the  bone.  A  varying  degree  of  absorption  of  the  sequestrum  may  take 
place,  and  sequestra  of  small  size  are  frequently  discharged  through  a 
sinus.     If  the  sequestrum  is  large,  it  may  remain  in  position  for  ye. 
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Phosphorus-Necrosis. — This  condition,  which  occurs  among  phosphorus- 
workers,  is  supposed  to  be  due  to  the  local  action  of  the  vapour  of  yellow- 
phosphorus.    The  condition  begins  in  the  periosteum — a  great  formation 

of  new  cancellous  bone  taking  place 
on  the  surface  of  the  upper  jaw. 
Bacteria  enter  from  the  mouth,  by 
way  of  carious  teeth,  and,  after  a 
time,  the  inflammation  becomes  sup- 
purative, with  the  result  that  separation 
of  the  periosteum,  and  necrosis,  which 
may  involve  the  whole  upper  jaw,  take 
place.  The  lower  jaw  may  also  be 
involved,  and  the  sequestrum,  which 
forms  as  a  result  of  the  necrosis,  separ- 
ates very  slowly.  It  has  been  stated 
by  several  observers  that  this  condition 
of  "  phossy-jaw,"  as  it  has  been  called, 
is,  in  reality,  due  to  the  presence  of 
B.  tuberculosis — the  poisonous  action 
of  the  phosphorus  preparing  the  way 
for,  and  perhaps  also  acting  in  conjunc- 
tion with,  this  organism.  The  disease 
is  now  extremely  uncommon,  on 
account  of  the  substitution  of  amor- 
phous phosphorus  for  the  yellow 
variety  in  the  manufacture  of  matches, 
and  we  have  not  personally  had  the 
opportunity  of  testing  the  relationship 
of  tuberculosis  to  the  necrosis. 


HYPERPLASIA   AND   HYPER 
TROPHY  OF  BONE  :— 

In  studying  these  conditions,  a 
very  noticeable  feature  is  the 
formative  power  which  bone  i 
\\\  almost  no  other  structure  of  the 
body  is  such  perfect  repaii  earned 
«»iit  ;  and  in  no  other  is  there  such  a 
power  of  '  i  to  a  more  primitive 

type  of  structure.    The  formation  of 
a  hone.  "  callus,"  is  thu  moo 

phenomenon,  and  this  formative  capacity  is  not  confined  to  the  i 
osteum,  but  La  also  exhibited   by  the  tissues  in  the  cancellous  spa* 
medullary  cavity,  and  Haversian  canal  tnd  marrow- 

tissue,    blood-vessels,  lymphatic-  I  may  thus 


J ■'],..   483.  I  Bom  .      Around 

the  Sequestrum  the  '"  new  oase  "  baa 
been  formed.  From  a  patient  with 
chronic  osteomyelitis.  (Edinburgh 
University     Anatomical     Museum. 
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arise  from  the  periosteum,  or  from  structures  in  the  medullary  canal. 
and  also  from  the  cancellous  and  Haversian  spaces  within  the  substance 
of  the  bone  itself;  and  the  ossification  may  spread  to  the  surrounding 
parts,  and  often  occurs  in  excess.  In  this  excessive  growth  of  I 
marked  deviations  from  the  normal  sometimes  take  place  and  new  lint's 
of  support  may  form  in  the  architecture  of  the  bone. 

^Etiology. — The  causes  of  this  excessive  growth  of  bone  may  be 
divided  into  those  which  are  reparative  in  their  nature:  those  which  are 
truly  hyperplastic  and  caused  by  various  local  or  general  irritants:  and 
those  wrhich  are  neoplastic. 

(a)  REPARATIVE  OVERGROWTH  has  been  referred  to  under  the 
formative  type  of  chronic  ostitis  (pp.  1033-4),  and  will  be  again  discussed  in 
connection  with  the  repair  of  fractures  (p.  1039). 

(b)  HYPERPLASTIC  OVERGROWTH.— It  is  impossible  definitely  to 
separate  some  forms  of  hyperplastic  overgrowth  from  those  which  are 
produced  during  the  processes  of  repair.  As  a  result  of  chronic  irritation, 
there  may  be  a  true  hyperplasia ;  but  the  mode  of  production  of  the  new 
bone  is  essentially  the  same  as  that  which  occurs  in  the  process  of  repair. 
Thus,  in  the  local  formation  of  new  bone  in  the  region  of  chronic  ulcers, 
or  round  a  piece  of  necrosed  bone,  the  new  formation  cannot  be  distin- 
guished from  the  bone  which  is  produced  in  the  filling  up  of  the  cavity 
from  which  the  necrosed  portion  has  been  removed.  A  more  general 
hyperplasia  is  seen  in  syphilis  and  in  mercury-poisoning.  In  the  1. 
condition,  the  thickening  of  the  bone  is  liable  to  occur  especially  in 
young  animals,  and  may  be  due  to  an  interference  with  the  normal 
absorption  and  modelling,  rather  than  to  an  actual  stimulative  overgrowth. 

Overgrowth,  essentially  different  in  its  causation  from  that  occurring 
in  repair,  may  take  place  in  certain  situations,  and  may  be  confined  to 
certain  bones.  Thus,  in  the  condition  of  Acromegaly  (q.  v..  p.  858),  there 
are  enlargement  and  thickening  of  the  bones  of  the  fingers  and  toes,  of 
the  bones  of  the  lower  jaw,  the  maxillary  part  of  the  uppei  jaw.  and  the 
malar,  nasal,  and  frontal  bones;  and.  not  unusually,  there  is  thickening 
of  the  bones  of  the  pelvis,  together  with  minor  alterations  of  a  similar 
nature  in  the  sternum,  clavicles,  ribs,  vertebrae,  and  other  boi 

Local  overgrowth  of  bone  may  occur  at  the  sites  of  attachment  of 
muscles  on  which  there  is  special  strain.    These  overgrowths  constitute 
the  so-called  osteophytes  (see  p.  1046,  "diaphysial  aclasis ") — the  beet 
example  of  this  condition  being  furnished  by  tin*  BO-called  "  ride] 
at  the  lower  attachment  of  the  adductor  magnufl  ;  such  osteophyte 
uncommon  in  cases  which  have  previously  Buffered  from  neb i 

(c)  NEOPLASTIC  OVERGROWTH.— Definite  bony  tumours  will  be 
described  later  (p.  1045). 


1038 


SPECIAL  PATHOLOGY 


(d)  OSTEITIS  DEFORMANS  (Paget's  Disease  of  Bone).— In  this 
condition,  there  is  enlargement,  with  general  thickening,  of  some  of  the 
bones,  especially  of  the  tibiae,  the  clavicles,  and  the  bones  of  the  cranium. 

The  bones  are  very  spongy,  and, 
though  greatly  thiokened,  are 
much  lighter  than  normal  in 
weight.  The  surface  presents  a 
finely-pitted  appearance.  In  the 
long  bones,  the  articular  ends 
are  much  enlarged,  the  medullary 
cavity  is  narrowed ;  and,  in  the 
lower  limbs,  the  bones  are  usually 
bowed  forwards  and  outwards. 
At  first,  the  changes  are  often 
more  marked  in  one  bone  than 
in  others,  and,  usually,  the  bones 
of  the  hands  and  feet  shew  no 
similar  pathological  changes.  In 
the  skull,  there  may  be  very 
great  thickening,  with  oblitera- 
tion of  the  diploe.  The  head 
may  shew  enormous  enlargement, 
which  may  be  asymmetrical,  the 
temporal  fossae  become  shallow, 
and  the  forehead  prominent  and 
overhanging.  The  facial  bones 
are  generally  unaffected,  and  no 
marked  narrowing  of  the  fora- 
mina occurs.  The  dorsal  and 
lower  cervical  spine  may  shew  a 
marked  degree  of  kyphosis,  the 
ribs  are  thickened  and  their 
curvature  increased,  but  the 
pelvis  is  usually  only  slightly 
affected,  though,  in  rare  cases, 
a  condition  resembling  osteo- 
malacia has  been  described  as 
occurring  in  it.  Arterial  de- 
generation is  frequently  associ- 
ated with  this  condition,  and. 
in  some  cases,  atrophy  of  the 
thyroid  and  suprarenal  glands  has  been  noted. 

On  microscopical  examination,  there  \a  marked  rarefaction  from 
absorption  of  bone,  with  widening  and  increased  format  ion  of  Haversian 
canals. 


Fio.  484. — Pogi  <   (Osteitis  Dcform- 

ans).    The   tibiae    are   curved   throughout 
their  whole  length,  with  the  convexity  of 

the  curve  directed  forwards.     The  circum- 
ference of  the  shaft  is  uniformly  inci 
from  end  to  end.     (Edinburgh   University 
Anatomical  Museum.     Catalogue  No*.,  Os. 

D.  k.  5  and  0.) 
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REPAIR  OF  FRACTURES  :— 

When  a  bone  is  fractured,  there  is  generally  some  laceration  of  the 
periosteum,  and,  it  may  be,  of  the  surrounding  tissues,  with  result- 
ing haemorrhage.  There  may  be,  and  usually  is,  some  displacement. 
Repair  is  brought  about  by  the  same  series  of  reactions  as  occur  id 
the  healing  in  an  incised  wound  in  a  connective  tissue,  with,  in 
addition,  the  special  processes  of  bone-formation;  and  the  repaii 
may,  in  the  same  way,  be  delayed,  or  even  prevented,  by  lack  of 
apposition  of  the  fragments,  by  movement,  and  by  the  pro- 
of torn  tissues  such  as  muscle,  or  of  excess  of  effused  blood,  between  the 
broken  ends  of  the  bone,  or  by  septic  processes.  In  repair,  the  vessels  in 
the  bone,  in  the  medullary  cavity,  and  in  the  periosteum,  become  dilated. 
There  is  transudation  of  lymph  with  emigration  of  leucocytes.  If  apposi- 
tion of  the  fragments  is  maintained,  these  reactions  may  last  for  from 
one  to  six  days. 

On  the  second  or  third  day  after  the  injury,  the  periosteum  shews 
active  cellular  proliferation,  especially  in  its  deeper  part ;  and  there  is 
also  proliferation  of  the  endothelial  cells  of  the  blood-vessels.  This 
proliferative  change  extends  for  some  distance  beyond  the  seat  of  frac- 
ture, and  it  also  invades  the  periosteum,  separating  its  different  layers. 
Similar  proliferative  changes  are  seen  in  the  bone  itself,  and  in  the  marrow. 
Young  blood-vessels,  arising  from  pre-existing  vessels,  pass  into  this 
cellular  tissue,  and  any  effused  blood  undergoes  absorption.  Thus. 
masses,  more  or  less  extensive,  of  vascular  granulation-tissue,  are  formed. 

This  granulation-tissue — many  of  the  cells  of  which  are  multinucleated 
and  correspond  with  osteoclasts,  whilst  others  are  of  the  nature  of  osteo- 
blasts— may  become  fibrous  or  cartilaginous;  but,  usually,  in  the  human 
subject,  definite  ossification  takes  place  in  its  deeper  layers,  the  new  bone 
being  formed  in  trabeculse  continuous  with  the  outer  layers  of  the  original 
bone.  Contemporaneously  with  this  new  formation  of  bone,  absorption 
and  modelling  go  on.  The  changes,  in  fact,  are  exactly  analogous  to  t  hose 
seen  in  normal  ossification.  By  the  successive  deposit  of  now  law 
large  ensheathing  mass  of  callus  may  be  produced.  In  the  interior  of 
the  bone,  and  between  the  fractured  ends  if  there  is  displacement .  similar 
masses  of  callus  are  produced.  The  internal  callus  may  almost  com- 
pletely fill  the  medullary  canal ;  whilst  the  intermediate  callus  especially 
if  apposition  has  been  maintained — is  usually  small  in  amount,  and  is 
probably  in  part  derived  from  the  tissues  in  the  Haversian  canals,  and 
in  part  by  an  extension  both  from  the  external  and  internal  callus. 

The  provisional  callus,  thus  formed,  undei  ibsorption  by  osteo- 

clasts, new  layers  of  bone  possessing  definite  Haversian  systems  are  laid 
down,  and  these  are  arranged  so  that  they  are  adapted  to  the  exact  line 
of  strain — the  internal  architecture  of  the  bone  often  becoming  Lrr;-atlv 
modified,  especially  if  the  union  has  taken  place  with  the  ends  of  the 
bones  out  of  position. 


1040 


SPECIAL  PATHOLOGY 


Fig.  485. — Fracture  of  the  Leg  of  a  Mouse  (12  days).  Shewing  the  masses  of  enshea thing 
and  intermediate  callus.  The  fractured  ends  of  the  shaft  of  the  femur  (a  and  b) 
are  displaced.     (Lent  by  Professor  Alexis  Thomson,  C.M.G.)     X  15. 


FlG.  48G. — Horizontal  Fracture  of  tht   Internal  Malleolus  (three  week-).     B  I  zone 

of  intermediate  callus.    (Lent  by  Professor  Alexia  Thomson,  C.M.G.]     x4. 


DISEASES  OF  THE  BONES  AND  JOINTS 


1041 


Sometimes,  and  especially  if  the  parts  have  not  been  kept  sufficiently 
at  rest,  the  proportion  of  fibrous  tissue  in  the  callus  is  greater  than  that 
of  normal  bone,  and,  in  this  way,  imperfect  union  by  fibrous  tissue  may 
take  place.  In  like  manner,  a  species  of  false  joint  may  be  formed, 
furnished,  perhaps,  with  a  cavity  and  with  smooth  articulating  surfaces 
covered  with  fibrous  tissue. 

TUBERCULOSIS  OF  BONE  is  extremely  common,  and  may  produce 
very  serious  pathological  changes.  The  infecting  virus — B.  tuberculosis, 
commonly  of  the  bovine  type — is  carried  by  the  blood-vessels  or  by  the 
lymphatics,  and  becomes  lodged  either  in  the  periosteum  or  in  the  bone. 
Spread   may   also   occur   secondarily   from   affected   joints;    but,  very 


Fig.  487.— Tuberculosis  of  the  Os  Magnum.  Shewing  cellular  proliferation,  with  tubercle- 
follicles  (left,  lower  part),  caseation,  and  absorption  of  bone.     (Lent  by  Pro!. 
Alexis  Thomson,  C.M.G.)     X28. 

frequently,  the  bone  adjoining  the  articulation  is  first  affected.  Cellular 
proliferation  takes  place  at  the  seat  of  lodgment  of  t  he  bacilli,  and  definite 
tubercle-nodules  are  produced.  These  nodules  shew  giant-celled  s\  stems. 
and,  as  these  increase  in  size  and  undergo  caseation,  the  bony  trabecula 
become  gradually  absorbed.  Necrosis  frequently  occurs,  the 
portion  becoming  separated,  and  lying  in  a  cavity  which  has  softened. 
caseous  walls.    The  necrosed  portions  (sequestra)  may  be  mall; 

but  they  may  be  large  and  rarefied  where  the  lesion  ifl  an  acute  in- 
filtrating one  :  or  dense  and  sclerotic  where  the  necrosis  has  taken  place 
because  of  interference  with  the  circulation. 

Caries  is  a  more  frequent  result  of  the  tuberculous  process,  la; 
of  bone  becoming  irregularly  softened  and  eroded,  80  that  cavities  In 
67 
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tuberculous  granulation-tissue  may  be  produced.  The  caries  may  lead  to 
collapse  of  the  affected  bones,  for  example  the  bodies  of  the  vertebrae  in 
Pott's  disease  of  the  spine  (see  fig.  463).  Frequently,  a  process  of  necrotic 
softening  resembling  suppuration  develops — the  so-called  cold  abscess — the 
contents  consisting  of  caseous  debris,  pus-corpuscles,  etc.  This  condition  is 
best  seen  in  lumbar  or  psoas-abscesses.  The  tuberculous  process  may  infect 
the  periosteum  either  primarily  or  secondarily,  and,  if  there  is  extensive 
infiltration,  sub -periosteal  abscesses  form,  with  necrosis  of  the  underlying 
bone.  The  cancellous  tissue  is  the  favourite  nidus  for  the  commence- 
ment of  the  process ;  but  the  earliest  change  may  be  seen  occasionally  in 
the  midst  of  dense  bone ;   whilst  the  periosteum,  in  certain  cases,  is  the 


Fig.  488. — Caries  of  the  Head  of  the  Tibia  and  Articular  Surface  of  the  Patella.     From  a  case 
of  tuberculosis.     (Sheffield  University  Pathological  Museum.) 

starting-point  of  the  affection.  It  is  not  uncommon  to  find  tuberculosis 
more  or  less  extensive  in  the  bone -marrow,  which  may  also  be  affected  as 
part  of  a  general  miliary  tuberculosis  (see  pp.  614,  616  and  619).  The 
bones  most  commonly  attacked  are  those  rich  in  cancellous  tissue,  e.  g.  the 
vertebrae,  the  bones  of  the  hands  and  feet,  and  the  extremities  of  the  long 
bones .  The  bones  of  the  skull  are  not  often  involved ,  but  tuberculosis  of  t he 
temporal  bone  may  occur  secondarily  to  tuberculous  disease  of  the  middle 
ear;  or  tuberculosis  may  implicate  some  of  the  bones  at  the  base  of  the 
skull  where  the  affection  has  spread  upwards  from  the  vertebral  column. 
The  tuberculous  process  is  accompanied  by  the  ordinary  phenomena 
of  chronic  inflammation,  as  well  as  by  rarefaction,  so  that  the  surface  of 
the  bone  is  usually  rough  and  shews  irregular  projections,  the  result  of  a 
formative  periostitis.  It  is  not  uncommon,  however,  to  find  a  tuberculous 
sinus  surrounded  by  very  dense  bone. 
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Healing  of  the  tuberculous  area  may  take  place,  the  caseous  material 
being  absorbed  and  replaced  by  granulation-tissue,  and.  later,  by  ftblQUfl 
tissue,  which  may  undergo  calcification  or  ossification. 

SYPHILIS  OF  BONE  :— 

The  lesions  affecting  the  bones  in  cases  of  late  secondary  and  of 
tertiary  syphilis  usually  have  their 
seat  in  the  periosteum,  and  are  of 
the  nature  of  a  gummatous  periostitis. 
During  the  more  acute  stage,  there 
may  be  considerable  proliferation 
of  the  cells  of  the  periosteum,  and 
the  formation  of  irregular  periosteal 
nodes.  As  the  gummata  increase  in 
size,  the  central  parts  become  case- 
ous, and  the  bone  underneath  shews 
an  irregular  eroded  surface.  In 
some  cases,  e.  g.  in  the  bones  of  the 
skull,  this  erosion  is  extreme,  and 
necrosis,  with  the  formation  of 
sequestra,  with  a  "  worm-eaten " 
appearance,  may  be  produced,  and 
perforation  perhaps  supervene.  The 
sequestra,  in  some  cases,  remain 
partially  separated  for  years.  The 
gummata  sometimes  undergo  soften- 
ing, and  actual  abscess -formation 
may  arise.  After  the  gummatous 
nodes  disappear,  sub-periosteal  thick- 
ening, with  erosion,  and  even  perfora- 
tion— which  is  seen  especially  in  the 
cranial  bones  and  in  the  palate — may 
remain.  Associated  with  the  nodes, 
there  are  always  changes  which  are 
referable  to  chronic  inflammation — 
the  medullary  canal  becomes  nar- 
rowed or  even  rilled  up,  and  sub- 
periosteal thickening  of  the  bone  is 
a  common  feature.  Thus,  the  bones 
may  become  much  thicker,  denser, 
and  heavier  than  normal. 

The  bones  specially  affected  by  syphilis  are  the  tibia,  the  ulna,  the 
parietal,  occipital,  and  frontal  bones,  the  clavicle,  the  sternum,  and  the 
ribs.     The  epiphysis  of  a  bone  is  sometimes  i  and  involvement  <»f 

the  joint  may  result. 


I'k..     is'J. —  Tibia    exhibiting    8vphilitic 
Nodes    on    their    shafts.     (Edmboigh 

I'liivcr-it y  Anatomical  Mummuii. 
logue  No.,  Ob.  1>.  <\  1  and  10.) 
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In  certain  cases,  syphilitic  disease  of  a  mucous  membrane  may 
spread  to  the  bones  and  cartilages,  and  cause  erosion  and  perforation. 
This  condition  is  seen  especially  in  the  bones  of  the  palate  and  of  the  nose. 

In  the  long  bones,  sub -periosteal  infiltration  may  lead  to  caries ;  and 
gummata  which  are  sometimes  found  in  the  cancellous  tissue,  either  in 
the  epiphysis  or  at  the  end  of  the  diaphysis,  may  remain  latent  for  a  long 
time  or  may  lead  to  a  definite  syphilitic  osteomyelitis,  with  erosion  of 
the  inner  compact  layers  of  bone  and  even  "  spontaneous  "  fracture.  An 
osteomyelitis  of  the  phalanges  (syphilitic  dactylitis)  is  not  uncommon  in 
children  congenitally  infected. 

In  congenital  syphilis,  the  bones  of  the  skull  may  become,  at  parts, 
thinned  and  softened,  and  the  condition  of  craniotabes  be  produced  (see 
p.  1027).  In  the  long  bones,  the  cartilage-cells  in  the  ossifying  area  may 
undergo  marked  proliferation,  and  be  associated  with  irregular  calcifica- 
tion of  the  matrix ;  and,  beneath  this  ossifying  area,  there  is  sometimes 
an  excessive  formation  of  granulation -tissue  or  even  of  soft,  fluid  or  semi- 
fluid, pus-like  material.  Separation  of  the  epiphysis  may  occur  as  a 
result  of  the  process.  A  definite  syphilitic  epiphysitis  may  occur  in  early 
infancy,  especially  in  the  bones  of  the  knee  and  in  the  head  of  the 
humerus,  but  other  epiphyses  may  be  involved  and  several  are  often 
affected  simultaneusly. 

ACTINOMYCOSIS,  and  the  closely -allied  condition,  MYCETOMA,  may 
occur  in  bone,  generally  as  a  result  of  extension  from  adjacent  parts.  A 
periostitis  is  first  produced,  but,  gradually,  there  develops  caries,  which, 
at  first,. is  superficial,  but,  later,  involves  considerable  areas  of  bone. 

LEPROSY  may  give  rise  to  osteomyelitis  and  periostitis,  but,  in  most 
cases,  it  produces  caries  and  necrosis,  especially  of  the  phalanges. 

CURVATURES  OF  THE  SPINE  :— 

These  need  be  referred  to  only  very  briefly. 
1.  Antero-posterior  Curvature  : — 

(a)  Angular  Curvature,  so-called,  is  due  to  a  local  tuberculosis  of  the 
bodies  of  the  vertebrae.  The  eroded  bodies  are  not  able  to  support  the 
weight  of  the  body  upon  them  and  consequently  give  way,  producing  a 
more  or  less  pronounced  angle,  the  spinous  processes  becoming  unduly 
prominent  behind.  The  spinal  cord  is  not  necessarily  injured,  but, 
frequently,  it  is  compressed,  and  the  conducting  fibres  are  interrupted 
(see  fig.  463).  In  some  cases,  it  may  become  involved  by  a  direct  spread 
of  the  tuberculous  process. 

(b)  Kyphosis. — In  this  condition,  there  is  a  marked  convexity  of  the 
spine  backwards,  generally  most  marked  in  the  dorsal  region.  In  its  less 
pronounced  forms,  it  is  due  chiefly  to  muscular  weakness,  to  emphysema 
or  to  the  habit  of  stooping.  Kyphosis  is  almost  always  present  in  cases  of 
acromegaly;  and,  in  its  most  exaggerated  forms,  is  usually  due  to  rickets. 
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(c)  Lordosis  is  usually  confined  to  the  lumbar  region,  where  it  con- 
stitutes an  exaggeration  of  the  normal  lumbar  convexity.  It  is  generally 
a  manifestation  of  rickets,  though  it  may  also  occur  in  congenital  disloca- 
tion, and  in  ankylosis,  of  the  hip.    The  convexity  of  the  curve  is  forwards. 

2.  Lateral  or  Rotato-lateral  Curvature  :  Scoliosis  : — 

In  this  condition,  there  is  a  lateral  deviation,  with  a  partial  rotation  of 
the  vertebrae.  This  may  develop 
in  rickets ;  or,  in  its  milder  forms, 
it  may  merely  be  the  result  of  a 
bad  habit  in  standing  or  sitting. 
Lateral  curvature,  of  necessity, 
produces  corresponding  deformi- 
ties of  the  chest  and  shoulder- 
girdle,  and  also  of  the  abdomen 
and  pelvis,  together  with  displace- 
ments and  other  abnormalities 
of  internal  organs.  One  of  its 
most  serious  results  is  extensive 
collapse  of  the  lung. 

TUMOURS  OF  BONE  :— 
SIMPLE    TUMOURS.— Fibro- 

mas     may    develop    from     the 

periosteum,  and,  in  them,  spicules 

of    bone    are    sometimes   found. 

Chondromas    may    grow    in   the 

substance  of  the  bones — producing 

expansion    of    them — or    in    the 

periosteum;    or  they  may   arise 

from  the  cartilages — most  usually 

from  epiphyseal  cartilages  or  from 

displaced  fragments  of  these — at 

the   ends  of   the    bones.     They 

appear  to  be  of  most   frequent 

occurrence    in    rickety   subjects, 

and    are    usually    multiple    (see 

fig.     490).      They     often     shew 

myxomatous  degeneration,  which 

produces  marked  localised  softening,  and  even  the  formation  of  oyst- 

like  cavities— the  so-called  "cystic"   chondroma.     In  some  instances, 

they  undergo  more  or  less  imperfect  ossification, 

Osteomas  may  occur  as  exostoses  or  as  enostoses*    The  exostoses 
formed  generally  in  fibrous  tissue  or  in  cartilage.    They  are  frequently 
multiple,   and   may  be   symmetrical.    They    have    been    divided    into 


Fig.  490. — Cho-ndroma    growing  from 
of  Hand.     (Edinburgh    University    Ana- 
tomical Museum.    Catalogue  N 

p.O.) 
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the  ivory  exostoses,  when  composed  of  very  dense  bone,  and  spongy 
exostoses,  when  of  cancellous  bone.  Some  are  formed  from  cartilage,  and, 
in  these,  a  layer  of  cartilage  covers  the  ossifying  tumour  as  long  as  it  is 
growing.  The  spongy  exostoses  are  found  especially  in  connection  with 
seats  of  attachment  of  muscles — the  ivory  ones  being  commoner  on  the 
bones  of  the  skull.  The  enostoses  are  bony  tumours  which  arise  in  the 
interior  of  the  bone.  Keith  1  maintains  that  the  multiple  exostoses  are 
really  due  to  a  disorder  of  growth,  and  are  nob  true  tumours.  He 
adopts  the  name,  suggested  by  Morley  Roberts  for  this  condition— 
"  diaphysial  aclasis."     In  this  disease,  the  normal  "  modelling  process  " 


Fig.  491. — Mixed-celled  Sarcoma  of  Head  of  Tibia,  invading  the 
bone-marrow.      X  75. 

is  arrested,  and,  between  the  properly  formed  part  of  the  shaft  and 
epiphyseal  end  of  the  long  bones,  there  is  interposed  an  irregular  cylinder 
of  imperfectly  modelled  bone,  on  the  surface  of  which  there  are,  usually, 
several  outgrowths.  "Diaphysial  aclasis  "  is,  according  to  this  view. 
primarily  a  disturbance  of  growth-discs,  and  of  both  the  cartilaginous 
and  periosteal  elements  comprised  within  these  discs. 

Myxomas,  Lipomas  and  Angiomas  occur,  but  are  rare. 

Myelomas,  which  are  generally  classed  as  sarcomas  (myeloid  sar- 
comas), are  moderately  common.  They  are  usually  localised,  and  shew 
comparatively  little  tendency  to  give  rise  to  secondary  deposits  in  the 
viscera  or  in  lymphatic  glands.     They  are  found  especially  in  the  upper 

1  Keith — Report  of  Medical  Society  of  London — Brit.  Med.  Jour.,  December  27, 
1919,  p.  847. 
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Fig.  492. — Myeloma  of  Shaft  of  Femur.     Macerated  and  dried  specimen 
shewing  expanded  shell  of  bone. 


Fig.  493  —-Malignant  Adenoma*  secondary  in  the  J!ib.    (Primary 
growth  in  stomach.)     X  15. 
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and  the  lower  jaws,  and  in  the  cancellous  tissue  at  the  articular  ends  of 
the  long  bones.  They  may  be  round-celled,  spindle-celled,  etc. ;  and,  in 
their  growth,  they  sometimes  cause  considerable  destruction  of  bone, 
which  may  become  eroded  or  expanded  (see  fig.  492),  and,  as  a  result,  so- 
called  "  spontaneous  "  fracture  is  very  liable  to  occur. 

MALIGNANT  TUMOURS.— Sarcomas  are  the  commonest  form  of 
malignant  tumour  of  bone.  They  may  be  primary  or  secondary,  and 
may  grow  from  the  periosteum  or  from  the  medulla.  Those  growing 
from  the  periosteum  may  be  round-celled,  spindle-celled  or  mixed-celled, 
and  the  tissue  of  which  they  are  composed  is  liable  to  undergo  imperfect 
ossification.  Sometimes,  this  tendency  is  very  marked,  and  the  term 
osteosarcoma  is  applied  to  the  tumours  in  which  it  is  found. 

Secondary  sarcomas  in  bone,  apart  from  those  of  melanotic  type. 
are  rare. 

Secondary  cancers  are  very  frequent,  and  any  type  may  occur.  The 
bones  may,  indeed,  shew  very  wide-spread  metastases  in  cases  of  gastro- 
intestinal, mammary,  and  other  forms  of  cancer,  such  cases  usually  pre- 
senting a  profound  degree  of  anaemia  from  destruction  of  the  bone-marrow. 
In  scirrhus  and  other  malignant  tumours  of  the  breast,  secondary  growths 
are  extremely  frequent  in  the  bodies  of  the  dorsal  and  lumbar  vertebrae, 
a  matter  of  great  importance  to  the  surgeon  from  the  point  of  view  of 
prognosis  in  such  cases.  Occasionally,  such  implication  of  the  bone- 
marrow  in  cancer  is  so  extensive  that  almost  no  part  of  the  osseous  skeleton 
escapes,  the  term  diffuse  carcinomatosis  of  bone  being  applied  to  the 
condition. 

PARASITES  :— 

Hydatids  of  bone  occur,  and  may  be  of  the  "  exogenous  "  variety. 
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MALFORMATIONS  :— 

DISLOCATIONS  and  DEFORMITIES  of  joints  may  be  congenital  or 
acquired.  Among  the  most  important  of  these  are  congenital  dislocation 
of  the  hip — in  which  the  head  of  the  femur  generally  lies  on  the  dorsum  of 
the  ilium  above  and  behind  the  acetabulum,  which  is  usually  deficient — 
and  the  various  forms  of  club-foot  (talipes  varus,  valgus,  equinus,  and 
calcaneus,  or  combinations  of  these),  knock-knee  (genu  valgum),  bow- 
legs (genu  varum),  and  flat-foot — for  full  descriptions  of  which  reference 
should  be  made  to  surgical  textbooks. 

In  some  of  the  forms  of  talipes,  the  deformity  is  congenital  in  origin ; 
in  others  it  is  due  to  paralysis  of  certain  muscles,  the  remaining  (unpara- 
lysed)  muscles  pulling  upon  the  foot  and  bringing  about  the  deformity. 
In  talipes  varus,  the  evert ors  of  the  foot  are  paralysed,  the  foot  being 
inverted,  and  its  inner  margin  raised  upwards  by  the  unopposed  tibialis 
anticus  and  posticus.  In  talipes  valgus,  with  paralysis  of  the  inverting 
muscles,  the  foot  is  turned  outwards,  the  outer  border  is  raised,  and  the 
heel  is  usually  drawn  up  from  the  unopposed  action  of  the  peronei,  the 
extensor  longus  digitorum,  and  the  gastrocnemius  muscles.  In  talipes 
equinus,  due  to  paralysis  of  the  anterior  muscles  of  the  leg,  the  muscles 
of  the  calf  are  contracted,  and,  in  consequence,  the  tendo  Achillis  and 
heel  are  raised  and  the  foot  extended.  In  talipes  calcaneus,  where  the 
calf -muscles  are  paralysed,  the  heel  is  depressed,  and  the  foot  is  flexed 
at  the  ankle,  the  contracted  muscles  being  the  tibialis  posticus,  the 
peronei,  and  the  extensors.  Certain  combinations  of  these  deformities 
are  of  more  frequent  occurrence  than  the  above-mentioned  simple  forms, 
talipes  equino-varus  being  by  far  the  commonest  variety  of  club-foot. 

INJURIES. — These  may  give  rise  to  lacerations  of  the  synovial  m< 
brane,  hemorrhagic  extravasations,  suppuration,  tearing  of  ligaments, 
displacements   of  cartilages,  dislocations,  fractures,  etc.,   but,   for  full 
descriptions  of  these,  reference  should  be  made  to  works  on  Surgery. 

INFLAMMATORY,  DEGENERATIVE,  and  PROLIFERATIVE 
CHANGES  in  JOINTS  :— 

(a)  SIMPLE  or  NON-SUPPURATIVE  ARTHRITIS.  Tn  this  con- 
dition, the  synovial  membrane  is  congested,  and  it  and  the  articular 
cartilages  become  covered  with  a  fibrinous  exudate,  the  cavity  being 
occupied  by  a  clear  or  slightly  turbid  and  viscid  serous  fluid,  which  may 
considerably  distend  it.  At  this  stage — that  usually  Been  in  acute 
rheumatism — the  disease  may  resolve,  and  the  joint  return  to  its  normal 
condition,  suppuration  practically  never  supervening  in  uncomplicated 
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acute  rheumatic  arthritis.  In  certain  other  types,  however,  especially  if  the 
joint  has  become  infected  by  a  perforating  or  an  open  wound,  or  during 
an  operation,  the  inflammation  may  go  on  to  suppuration.  The  synovial 
membrane  becomes  thickened,  infiltrated  with  inflammatory  cells,  and 
converted  into  granulation-tissue.  The  condition  may  spread  to  the 
cartilage — this  becoming  softened  and  ulcerated — to  the  periosteum, 
and  to  the  bone.  Even  in  this  advanced  stage,  the  inflammation  may 
subside;  but  there  is  usually  left  great  rigidity,  and  even  ankylosis  of 
the  joint.     The  union  may  become  fibrous  or  osseous  in  nature. 

In  rheumatic  arthritis,  one  of  the  writers  has  noted  irregular  areas  of 
congestion  in  the  synovial  membranes,  and  from  these  areas  a  Streptococcus 
has  been  isolated,  which  has  produced  arthritis  when  inoculated  intra- 
venously into  rabbits.1  A  non-suppurative  arthritis  may  occur  in  cases 
of  pneumonia  and  of  epidemic  cerebro-spinal  meningitis,  due  probably 
to  toxins;  and  an  analogous  condition  is  not  uncommon  after  injec- 
tions of  anti-sera,  etc. 

The  joints  may  become  involved  by  spread  from  a  neighbouring  osteo- 
myelitis, epiphysitis,  bursitis,  or  cellulitis.  Even  the  joint-affections  due 
to  the  ordinary  pyogenetic  streptococci  and  staphylococci,  are  not,  in  all 
cases,  necessarily  suppurative.  More  usually,  however,  unless  in  the  very 
early  stages,  these  forms  of  arthritis  are  purulent. 

(b)  PURULENT  ARTHRITIS.— This  may  be  due  to  the  secondary 
infection  of  a  primarily  non-suppurative  arthritis  with  pyogenetic 
bacteria;  or  it  may  be  a  purulent  condition  from  the  first.  Thus,  in 
wounds  and  in  pyaemia,  there  may  be  an  acute  infection  of  the  joints, 
with  very  rapid  suppuration,  and  the  whole  joint-cavity  may  become 
distended  with  pus.  Similarly,  in  diphtheria,  scarlet  fever,  typhoid 
and  paratyphoid  fevers,  pneumonia,  epidemic  cerebro-spinal  meningitis, 
meningitis  due  to  "  leptothrix "  or  other  organisms,  etc.,  a  purulent 
arthritis  may  occur;  though,  as  has  been  stated  above,  these  diseases 
may,  in  some  cases,  give  rise  to  a  non-suppurative  form.  The  synovial 
membrane  becomes  converted  into  suppurating  granulation-tissue,  and 
that  part  of  the  latter  which  overlaps  the  edges  of  the  articular  cartilages 
assists  in  their  erosion.  Eventually,  these  cartilages  undergo  necrosis  and 
absorption,  the  ends  of  the  bones  show  rarefying  osteitis,  the  periosteum 
is  inflamed  and,  later,  new  bone  may  be  thrown  out  and  osteophvtic 
projections  developed. 

(c)  GONORRHGEAL  ARTHRITIS.— In  this  condition,  there  may  be 
accumulation  of  turbid  serous  fluid,  or  even  of  pus,  in  the  joint,  and, 
within  the  cells  of  the  exudate,  the  G onococcus  or  M toococcus  gonorrhoea 
may  be  found.  More  commonly,  however,  the  inflammatory  reaction 
resembles  that  seen  in  acute  articular  rheumatism,  and  the  character- 

1  J.  M.  Bcattic,  "Experimental  Work  in  Rclati<  n  to  Micrococcus  rheumaticus 
and  Streptococcus  pyogenes,"  Jour.  Med.  Research,  January  1906,  vol.  i.\., 
No.  2,  pp.  399-421. 
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istic  organism  may  be  found  in  the  exudate  only  after  prolonged  search. 
The  larger  joints  are  more  commonly  affected  than  the  smaller  ones — 
the  knee-joints  being  involved  in  about  seventy  per  cent,  of  the  cases, 
and  the  ankle  in  about  twenty-five  per  cent. 

(d)  GOUTY  ARTHRITIS.— In  this  condition,  the  urate  of  sodium  is 
deposited,  generally  in  the  form  of  acicular  crystals,  in  the  tissue 
and  also  in  those  surrounding,  the  joint.  At  first,  the  deposit  takes  place 
in  the  cartilages,  especially  towards  the  surface  :  and.  later,  in  the  synovial 
membranes,  the  ligaments,  the  bones,  and  the  soft  tissues  round  the 
affected  joints.  Some  authors  regard  a  primary  degeneration  of  the 
cartilage  and  cartilage-cells  as  an  essential  preliminary  to  the  deposit 
of  the  urates  within  them. 

The  crystals  cause  considerable  irritation,  and  produce  acute,  sub- 
acute, and  chronic  inflammatory  conditions.  Suppuration  never  occurs 
in  uncomplicated  gout.  The  joints  most  frequently  involved  are  the 
small  articulations  of  the  hands  and  feet.    (See  p.  68). 

(e)  CHRONIC  RHEUMATIC  and  RHEUMATOID  ARTHRITIS  (Osteo- 
arthritis, Arthritis  Deformans). — The  changes  in  the  joints  in  these  two 
conditions  are  very  similar,  and  some  authorities  look  upon  them  as 
identical.  Until  more  information  is  obtained  as  to  the  causal  agent, 
the  classification  of  these  chronic  joint  affections  must  remain  in  a  very 
unsatisfactory  position.  Poynton  and  Paine  describe  a  condition  simulat- 
ing chronic  "rheumatic  arthritis  occurring  in  a  rabbit  which  had  received 
an  intra-venous  injection  of  a  streptococcus  isolated  from  a  case  of  acute 
rheumatism;  and  one  of  the  authors  has  produced,  by  intra-venous 
injection,  and  also  by  direct  injection  of  a  similar  organism  into  the  k 
joint,  chronic  arthritis  with  proliferative  overgrowth  and  ulceration  of 
cartilage.  These  experiments  seem  to  point  to  the  relation  of  some  forms 
of  the  disease  to  acute  rheumatism,  a  fact  borne  out  by  clinical  experience 
in  the  human  subject;  but  true  rheumatoid  arthritis  has  not  been  pro- 
duced experimentally,  and  there  is,  apparently,  as  yet  very  little  clinical 
evidence  that  it  is  in  any  way  related  to  acute  rheumatism. 

(i)  In  Chronic  Rheumatic  Arthritis,  j.  e.  the  chronic  form  of  arthritis. 
which  is  a  sequel  of,  or  allied  to.  acute  rheumatism,  the  chai  veri- 

similar to  those  found  in  rheumatoid  arthritis,  but  they  are  not  usually 
so  extensive. 

(ii)  Rheumatoid  Arthritis  occurs  especially  in  women,  and  affects  first  the 
smaller  joints  of  the  hands  and  feet.  The  wrists,  knees,  and  ankles  may 
be  affected  comparatively  early;  and.  later,  the  vertebral  and  temporo- 
maxillary  joints  may  become  involved.     In  the  earl  the  changes 

appear  particularly  in  the  synovial  membranes,  which  shew  an  increased 
vascularitv.  and  become  somewhat  thickened.    There  is.  usually, ej 
of  synovial  fluid.    The  synovial  fringes  enlarge,  and  papilliform  project- 
ions are  formed  at  the  margins  of  the  joints.     I  by  a 
proliferation  of  connective  tissue  covered   I  d.  in 
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them,  cartilaginous  nodules  may  form.  Fat  is  sometimes  deposited  in 
the  fringes,  to  a  very  considerable  degree.  Some  of  these  projecting 
masses  occasionally  become  detached,  and  form  "  loose  bodies  "  in  the 


Fig.  494. — Chronic  Rheumatoid  Arthritis.  Shewing  proliferated  synovial  h  I  pro- 

jecting papilliform   bodies:    "lipping"   of    the  articular   margins:  and  ini 

of  the  cartilage  over  the  inner  condyle  of  the  femur  by  the  proliferated  synovial 
(Edinburgh  University  Anatomical  Museum.     Catalogue  No.,  Ob.  B.  _.  32.) 

joint-cavity.      Calcification  or  ossification  may  occur  in  these  fringes, 
though  these  changes  are  commoner  in  osteo-arthritis. 

The  articular  cartilage  becomes  softened — especially  at  those  parts 
along  the  surfaces  of  contact — and  assumes  a  fibrillated  or  velvety  appear- 
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ance.  At  a  later  stage,  erosion  takes  place,  the  articular  surfaces  being 
at  parts  rubbed  away  by  friction;  at  the  same  time,  proliferation  of 
the  cartilage  may  cause  it  to  extend  beyond  its  normal  limits;  and.  if 
this  overlapping  cartilage  becomes  calcified  or  ossified,  considerable 
deformity  ("lipping,"  etc.)  of  the  articular  surfaces  may  be  produced. 
The  cartilage  becomes  somewhat  translucent.  Though  the  articular 
ends  of  the  bones  may,  for  a  considerable  period,  shew  little  patholo 
alteration,  there  may  be  exten- 
sive softening  of  the  bones, 
and,  in  some  cases,  enlargement. 
The  surface,  where  deprived  of 
its  cartilage,  may  become 
smooth  and  polished — eburna 
tion  {see  fig.  495).  Associated 
with  the  changes  which  have 
been  described,  there  is  often 
considerable  thickening  of  the 
ligaments  and  other  fibrous 
structures  round  the  joints, 
great  muscular  wasting,  and 
marked  impairment  of  the 
movements  of  the  joints.  There 
may  be  ankylosis. 

Organisms   (bacilli,  strepto- 
cocci, staphylococci,  etc.),  which 
have  been  regarded  as  causal, 
have  been  isolated,  by  various 
observers,  from  cases  of  chronic 
rheumatoid    arthritis,   and 
chronic   rheumatic    arthritis. 
One  of  the  authors  (W.  E.  CD.), 
in    a    large    number    of    ci 
of  chronic   rheumatic  arthritis 
(and  from  cases    clinically   in- 
distinguishable   from     chronic 
rheumatoid  arthritis)  has  isolated  streptococci,  from  the  urine,  and  i 
paratively  small  doses  of  vaccines  prepared  from  these  organisms  have 
produced    intense    reactions   in    the    affected    joints.     ►Such 
frequently,  had  some  septic  focus  in  which  Bti  ci  predominate.! 

or  were  even  the  only  organisms  present.    Jl«i  considers  that   this    - 
in  addition  to  the  amelioration  of  the  joint-condition  under  such  I 
ment,  and  on  the  removal  of  such  Beptic  foci  in  the  teeth,  tonsils,  nasal 
sinuses  or  elsewhere     is   evidence   of   the    |  causal   relationship 

between  the  streptococci  and  these  forms  «»t  chronic  joint-affection. 

STILL'S  DISEASE. — In  this  condition,  th  and  fusiform 


Big.  495. — Chroi  \altnd  Arthritis.   The 

articular  ends  ft  the  tibia  and  femur, 
shewing  ebnmation  of  the  surface  of  the 

internal  tuberosity  and  the  internal  con- 
dyle, with  anteroposterior  grooving.  The 
articular  surfaces  also  shew  Lipping.  (Edin- 
burgh University  Anatomical  Museum. 
Catalogue  No.,  «  Is.  B.  g.  37.) 
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swelling  of  the  joints,  due  mainly  to  synovial  and  peri -articular  thickening. 
The  cartilages  may  become  pitted  and  eroded,  but  the  bones  are  not 
usually  affected,  and  ankylosis  does  not  occur.  The  disease,  which  may 
closely  resemble  rheumatoid  arthritis,  commences  usually  before  the  age 
of  the  second  dentition,  and  is  characterised  especially  by  hard,  painless 
enlargement  of  the  lymphatic  glands,  and,  frequently,  by  splenic  hyper- 
plasia. Muscular  atrophy  is  a  marked  feature  round  the  affected  joints — 
knees,  ankles,  wrists  and  neck.  Numerous  joints  may  become  successively 
involved .  The  condition  is  generally  regarded  as  a  chronic  infective  arthritis. 
SENILE  ARTHRITIS.— This  form  of  Osteo-arthritis,  which  is  regarded 
by  some  authors  as  an  extreme  degree  of  rheumatoid  arthritis,  occurs 
especially  in  the  hip-joint.  The  articular  cartilage  becomes  softened  and 
lustreless,  and  its  matrix  fibrillated.  Erosion  of  the  cartilages  takes  place, 
and  this,  combined  with  an  associated  proliferation  at  their  edges,  gives 
rise  eventually  to  the  formation  of  osteophytes.  The  head  of  the  femur 
becomes  enlarged.  The  proliferative  outgrowth  at  the  articular  margins 
may  be  very  considerable,  producing  an  irregular  ring,  or  everted  lip,  of 
bone  encircling  the  head.  A  similar  projection  of  bone  may  occur  at  the 
margin  of  the  acetabulum ;  and,  in  this  way,  very  great  impairment  of 
movement  may  be  produced.  The  head  of  the  bone  becomes  worn  away, 
sometimes  to  an  extreme  degree,  and  the  surface  may  become  polished 
and  enamel-like  at  the  areas  of  contact  at  which  the  bones  grind  against 
one  another  (eburnation).  The  cancellous  bone  may  become  attenuated 
and  absorbed.  Bony  ankylosis  does  not  occur.  The  synovial  membrane 
may  shew  villous  overgrowth  and  considerable  fatty  invasion.  In  this 
condition,  there  is  no  exudation  into  the  joint-cavity. 

Many  authorities 1  regard  Rheumatoid  arthritis  and  Osteo-arthritis  (arthritis 
deformans)  as  entirely  different  conditions.  They  maintain  that,  in  the  latter 
condition,  the  osteophytic  outgrowths  and  the  erosion  of  the  central  portions 
of  the  cartilages  are  specially  characteristic,  and  that  these  may  be  entirely 
absent  from  cases  of  rheumatoid  arthritis. 

PROLIFERATIVE    OSTEO-ARTHRITIS    DEFORMANS    (Spondylitis 

Deformans). — In  this  condition,  which  is  not  strictly  a  disease  confined 
to  the  joints,  bony  outgrowths  occur  at  the  articular  margins,  especially 
those  of  the  vertebrae,  or  at  other  parts  of  the  bone.  They  may  cause 
considerable  deformity,  and  may  lead  to  extensive  ankylosis  (see  fig.  496). 
If  occurring  during  the  period  of  growth,  deformities  of  the  spine  may 
arise,  and  serious  effects  may  be  produced  by  pressure  on  nerve-roots, 
etc.  The  disease  is  not  confined  to  the  human  subject,  but  is  found  also 
in  horses,  cattle,  and  other  animals. 

NEUROPATHIC  ARTHROPATHY.— This  term  is  applied  to  certain 
destructive  and  proliferative  changes  which  occur  in  joints  in  association  with 
various  nervous  diseases,  e.g.  locomotor  ataxia,   syringomyelia,  etc.;    and 

1  A.  E.  Garrod,  "  Rheumatoid  Arthritis,  Osteo-arthritis,  Arthritis  Deformans," 
A  System  of  Medicine,  Albutt  and  Rolleston,  Vol.  III.,  p.  3,  Macmillan  &  Co.,  Ltd., 
1907. 
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which  are  supposed  to  be  due  to  neurotrophic  disturbances.  The  special  joints 
affected  seem  to  have  some  relationship  to  the  particular  region  of  the  spinal 
cord  in  which  the  degenerative  lesions  in  the  nerve-cells  and  tracts  or  fibres 
occur.  Thus,  in  locomotor  ataxia, 
the  joints  of  the  lower  extremn 
and  especially  the  knee-joints,  are 
affected  in  a  large  proportion  of 
the  cases;  whereas  in  syringo- 
myelia, which  is  found  usually  in 
the  cervical  region  of  the  cord, 
the  joints  of  the  upper  extremities 
are  generally  involved.  The  patho- 
logical changes  in  the  joints,  in 
these  cases,  are  essentially  similar 
to  those  seen  in  the  various  forms 
of  chronic  arthritis — viz.  destruc- 
tion of  the  cartilages,  and  pro- 
liferative overgrowth  of  the  synov- 
ial membrane  and  of  the  articular 
ends  of  the  bones,  and,  in  some 
cases,  marked  atrophic  changes. 
Kapid  effusion  may  take  place  into 
the  cavity  of  the  knee-joints 
(Charcot's  joints)  when  they  are 
thus  involved  in  the  course  of 
locomotor  ataxia. 

CHRONIC  HYPERTROPHIC 
(PULMONARY)OSTEO-ARTHRO- 
PATHY.-  This  condition, 
the  pathology  of  which  is  at 
present  unknown,  is  characterised 
by  an  enlargement  of  the  distal 
extremities  of  the  terminal  pha- 
langes of  the  fingers  and  toes,  and 
also  by  swelling  of  the  bones  of 
the  wrists  and  ankles,  elbows, 
knees,  and  even  of  the  distal  ends 
of  the  radius,  ulna,  tibia,  fibula, 
etc.  The  condition  is  associated 
with  chronic  diseases  of  the  lungs 
and  pleura;  and  an  analogous 
condition  may  be  found  in  con- 
genital diseases  of  the  heart, 
especially  pulmonary  stenosis  and 
incomplete  development  of  the 
inter-ventricular  septum. 


Deformans  (Spondyl- 
itis Deformans)  of  (he  rertsbns,  produc- 
ing ankylosis.  Note  tlu>  nodular  m;i\sps 
of  new   bono,   biidgio  the  int»-r- 

vertebral  dia  ertebiaJ  joints. 

(Edinburgh    University   Anatomical  Mus- 
eum,   Catalogue  N 


TUBERCULOUS  DISEASE 
OF  JOINTS.— This  disease, 
which  is  of  most  frequent  oc- 
currence in  children,  commences 

generally  in  the  synovial  membrane;  though,  in  some  cases,  the  bone 
is  invaded  first,  and  the  joint    becomes  involved   by  din  osion 

through  the  synovial  membrane  or  articular  cartilage.     La  eithei  form, 
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the  synovial  membrane  becomes  thickened  and  gelatinous  in  appearance 
(the  so-called  gelatinous  degeneration),  and  shows  numerous  outgrowths, 
especially  of  the  synovial  fringes.  At  a  later  stage,  the  membrane  is 
converted  into  a  soft,  pultaceous  material,  which  covers  the  articular 
surface.  The  articular  cartilages  become  invaded,  softened,  eroded, 
or  ulcerated,  especially  towards  the  central  part.  Even  when  the 
destructive  change  has  become  very  pronounced,  pinkish,  semi -caseous 
granulations  may  be  seen  at  the  margins.  The  bone  becomes  invaded, 
and  the  medullary  spaces  are  rilled  with  tuberculous  granulation -tissue, 
and  widened  by  absorption  of  the  bony  trabecule.  Thus,  the  bone 
becomes  softened  and  very  spongy,  and  extensive  areas  of  destruction 
by  caries  may  occur.  The  ligaments  and  tissues  round  the  affected 
joint  become  cedematous,  swollen,  and  converted  into  tuberculous  granula- 
tion-tissue. Spontaneous  rupture  of  the  ligaments  may  occur;  and 
sinuses,  communicating  with  the  surface  and  leading  into  the  cavity  of 
the  joint,  are  a  frequent  manifestation  of  the  condition.  On  microscopical 
examination  of  the  tissues,  typical  tubercle-follicles,  in  all  stages  of 
development,  may  be  found. 

In  the  neighbourhood  of  the  tuberculous  joint,  there  is,  in  many 
cases,  in  addition  to  the  destructive  changes,  a  considerable  amount  of 
irritative  new  formation  of  bone,  and,  thus,  irregular  outgrowths  may 
be  produced. 

SYPHILIS  OF  JOINTS.— In  acquired  syphilis,  the  joints  are  some- 
times affected,  and  a  chronic  arthritis,  characterised  by  the  presence  of 
gummata  in  the  synovial  membranes  or  in  the  tissues  round  the 
joint,  is  seen.  Cicatricial  contraction  may  occur,  producing  irregular 
scars.  A  syphilitic  chondro-arthritis,  in  which  the  synovial  membrane 
is  thickened  and  its  fringes  are  hypertrophied,  has  been  described.  The 
cartilages  may  shew  pitted  erosions ;  and  erosion  and  eburnation  of  bone 
may  be  present.  The  synovial  membranes  frequently  shew  gummatous 
infiltration. 

In  congenital  syphilis,  there  may  be  arthritis,  with  exudation  into 
the  joint-cavity,  which  may  come  on  very  rapidly,  and  which  is  very 
often  bilaterally  symmetrical.  The  capsule  of  the  joint  may  become 
thickened,  and  ulceration  of  the  cartilages  may  occur.  Gummatous 
infiltration  of  the  tissues  round  the  joint  may  extend  into  the  cavity. 
and  give  rise  to  inflammatory  changes  there.  "  Charcot "  and  other  forms 
of  affection  of  the  joints,  seen  in  locomotor  ataxia,  which  most  authorities 
regard  as  due  to  syphilis,  are  referred  to  on  pp.  1008  and  1054-5. 

LOOSE  BODIES  IN  THE  JOINTS.— These  may  occur  in  otherwise 
apparently  healthy  joints,  in  which  case  they  are  usually  the  result  of 
traumatism — portions  of  cartilage,  or  cartilage  and  bone,  becoming 
detached  and  lying  free  in  the  joint-cavity,  or  remaining  partially 
adherent  at  their  site  of  origin.  These  bodies  may,  in  the  knee- 
joint,   become    arrested    between    the    anterior    surface    of    the    bones 
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and  the  capsular  ligament,  and  produce  .-sudden  "  locking  "  of  the  joint. 
They  may  also  give  rise  to  recurrent  attacks  of  synovitis. 

In  diseased  joints,  loose  bodies  may  also  occur,  and  may  be  comp 
of  detached  fragments  of  cartilage,  hypertrophied  synovial  fringes,  bone, 
or,  perhaps  most  commonly,  either  wholly  or  in  part,  of  fibrinous  exudate. 
The  first  three  varieties  are  seen  especially  in  cases  of  arthrit  is  deformans  ; 
whilst  the  last-mentioned  are  of  common  occurrence  in  arthritis  with 
exudation  (e.g.  tuberculous  arthritis),  and  constitute  the  so-called  rice 
or  melon  seed-bodies. 

Strangeways  1  points  out,  in  an  interesting  paper,  that  the  staining- 
properties  and  the  appearance  of  the  cells  of  these  bodies  on  section 
shew  that  they  are  alive  at  the  time  of  their  removal  from  the  joint- 
cavity.     He  maintains  that  they  are  nourished  by  tin4  synovial  fluid. 

HEMOPHILIC  JOINT-DISEASE.— Effusion  of  blood  may  take  place 

into  the  knee,  or,  less  commonly,  into  other  joints,  in  cases  of  haemophilia. 

The  blood  may  be  completely  absorbed,  but,  in  some  cases,  adhesions  are 

left ;  and,  in  others,  changes  like  those  seen  in  osteoarthritis  may  develop. 

1  Strangeways:  "The  Nutrition  of  Articular  Cartilage,"'  Brit.  Med.  Jour., 
May  15,  1920,  p.  61. 
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DISEASES  OF  THE   VOLUNTARY   MUSCLES 

RUPTURE  of  muscles — apart  from  injury — may  arise  from  sudden  or 
violent  contraction,  and  may  involve  only  a  few  fibres  or  numerous 
strands  of  the  muscle.  The  condition  is  usually  accompanied  by  a 
considerable  amount  of  haemorrhage  and  swelling. 

HEMORRHAGES  into  and  between  the  muscle-fibres  are  common  in 
fevers,  e.g.  in  cerebro-spinal  fever,  in  hemorrhagic  diseases,  such  as 
scurvy,  purpura,  and  haemophilia,  in  septicaemia,  and  in  cases  where 
there  is  an  excessive  action  of  the  muscles,  e.g.  in  tetanus  and  other 
convulsive  disorders.  Usually,  the  haemorrhagic  areas  are  minute ;  but, 
in  scurvy  and  in  haemophilia,  large  extravasations  may  be  found,  which 
tear  and  push  aside  the  muscle-fibres.  Extensive  haemorrhage  also  takes 
place  in  rupture  of  muscle. 

(EDEMA. — The  inter-muscular  connective  tissue,  and  the  muscles 
themselves,  may  shew  considerable  oedema  in  Bright 's  disease,  in  anaemia, 
and  in  other  conditions  in  which  oedema  is  generally  found  in  the  other 
tissues. 

DEGENERATIONS  :— 

(1)  CLOUDY  SWELLING  is  common  in  general  infective  diseases, 
such  as  fevers,  etc.  The  muscle-fibres  become  swollen,  pale  and  opaque, 
as  if  they  had  been  immersed  in  hot  water.  Microscopically,  the  striation 
becomes  obscured  or  even  lost,  and  the  sarcoplasm  appears  more  granular 
than  normal. 

(2)  FATTY  DEGENERATION  follows  disuse  from  paralysis  and 
other  causes;  it  may  be  a  sequel  of  cloudy  swelling;  or  it  may 
be  a  primary  condition  arising  as  a  result  of  toxic  poisoning  in 
acute  fevers,  e.g.  diphtheiia,  and  in  general  septic  diseases.  It  occurs 
to  a  marked  degree  in  phosphorus-poisoning.  To  the  naked  eve.  the 
muscle  has  a  yellowish  colour,  and  tears  very  readily.  On  microscopical 
examination,  oil-droplets  are  seen  in  the  muscle-fibres.  In  certain  dis- 
orders associated  with  an  abnormal  carbohydrate  metabolism,  especially 
diabetes  mellitus,  there  may  be  a  great  increase  in  the  amount  of  inter- 
stitial fat  present  in  the  muscle,  without  much  evidence  of  true  fatty 
degeneration. 

(3)  WAXY  or  AMYLOID  DEGENERATION  is  said  to  occur  in  the 
connective  tissue  of  the   muscle-bundles. 

(4)  CALCIFICATION  La  sometimes  found  as  a  sequel  of  other  i 

live  changes  in  the  muscle  itself;    but  it  more  commonly  originate* 
the  inter-muscular  tissue,  secondary  to  Qon-suppurative  oi  suppurative 
inflammatory  conditions.     It  may  also  OCCUI  in,  and  around,   pan 
cysts,  e.g.  those  of  Trichinella  spiralis. 


\ 
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(5)  PIGMENTATION.- — An  increase  in  pigment  i  common  in 

muscle  which  is  undergoing  atrophy — the  pigmenl  appearing  in  the  form 
of  yellowish  granules,  and  accumulating  especially  around  the  poll 
the  nucleus. 

NECROSIS  of  muscle-fibres  occurs  in  I  ad  other  toxic  i 

and  also  may  result  from  their  invasion  01  compression  by  malignant 
growths.    The  muscle-fibres  appear  more  homogeneous  and  a  what 

swollen,  their  nuclei  having  losl  the  power  of  taking  up  basic  stains. 


Fig,  .j'.it.-  ailed  Zenker'i  I N  general  ion   of  M 

(rectus  abdominis)  in  typhoid  fever. 


COAGULATION-NECROSIS-  (Zenker's  Degeneration)-  a  condition 
which  is,  by  some  authors,  incorrectly  called  "hyaline  degeneration  "-  - 
occurs  especially  in  typhoid  fever  and  similar  dig  The  muscle- 

fibres  are  .swollen,  present  a  homogeneous  app  have  lost  their 

st nation,  and   finally   break  up  into  small  translucent    masses   which 
gradually  become  absorbed.     Haemorrhages  into  the  d< 
are  not  uncommon.    The  abdominal  muscles,  t lie  psoas,  and  the  addu< 

of  the  thigh,  are  the  u.Mial  BltCS  of  this  cl  Though  0<  OUTlil 

ally  in  typhoid  fever,  a  similar  coagul  our  in  all 
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severe  fevers,  such  as  smallpox,  scarlet  fever,  etc.,  as  well  as  in  a  variety 
of  other  conditions. 


ATROPHY  :— 

(1)  Simple  Atrophy  of  muscle  occurs  in  old  age  :  in  all  wasting  diseases, 
such  as  tuberculosis,  cancer,  diabetes  mellitus,  etc. :  in  cases  of  starvation  : 
and  in  most  acute  infective  diseases,  e.  g.  fevers.  It  arises  also  as  a  result 
of  diseases  of  joints,  as  in  the  muscles  of  a  limb  where  the  joint  is  ankylosed : 
or  as  a  secondary  result  following  over-use.  The  latter  form  is  well 
illustrated  by  the  atrophy  of  the  sterno-mastoids,  the  scaleni,  and  the 
other  extraordinary  muscles  of  respiration,  which  supervenes  upon  the 
hypertrophy  of  these  muscles,  in  long-standing  cases  of  respiratory 
embarrassment :  and  from  the  prolonged  over-use  of  certain  muscles  in 
some  trade-occupations  and  sports. 

Microscopical  examination  of  these  wasted  muscles  shews  a  consider- 
able increase  in  the  number  of  the  nuclei,  which  are  often  arranged  in 
groups  at  the  periphery  of  the  fibre.  The  transverse  st nation  is  frequently 
poorly  marked  and,  in  some  instances,  absent.  Some  of  the  fibres  have 
a  hyaline  appearance,  while  others  become  granular.  There  is  often  a 
relative  increase  in  the  amount  of  interstitial  fibrous  tissue;  but  the 
amount  of  fatty  tissue  varies  very  much  in  different  cases— in  some  it 
is  entirely  absent,  in  others  it  is  increased  in  amount. 

(2)  Neuropathic  Atrophy. — Under  this  term  are  included  all  the  forms 
of  muscular  atrophy  which  result  from  disease  of  the  peripheral  or  central 
nervous  system.  The  wasting  may  be  of  the  muscle  as  a  whole,  or  only 
certain  individual  fibres  may  be  involved.  Special  muscle-groups  are 
affected  in  different  cases,  according  to  the  site  of  the  lesion  in  the  nervous 
system;  and  the  extent  and  degree  of  wasting  are  also  partly  dependent 
on  the  same  factor.  Thus,  in  disease  or  injury  of  the  peripheral  nerves, 
the  wasting  is  confined  to  the  muscles  supplied  by  the  nerve;  and  the 
degree  of  atrophy  may  vary  considerably,  according  to  the  extent  and 
nature  of  the  lesion.  Thus,  in  neuritis,  the  atrophy  may  be  slight,  or  it 
may  be  very  marked  ;  whilst,  in  cases  of  injury,  where  the  nerve  has  been 
cut  or  torn  across,  the  atrophy  may  be  rapidly  produced  and  extreme  in 
degree.  In  disease  of  the  spinal  motor  cells  and  their  axis-cylinder  pro- 
cesses in  the  cord,  there  may  be  extreme  wasting  of  the  muscles;  or  the 
atrophy  may  be  partial  and  only  involve  a  few  individual  fibres- — this 
variation  depending,  to  a  certain  degree,  on  the  extent  of  the  destruction 
in  the  spinal  cord,  and  the  number  of  the  motor  cells  involved.  Atrophy 
as  the  result  of  changes  in  the  lower  neurons,  in  infantile  paral; 
progressive  muscular  atrophy,  and  amyotrophic  lateral  &  In 
disease  of  the  upper  neurons,  the  wasting  ia  usually  Less  rapid  and 

ext  reine.  as  t  he  neurot  rophic  influence  of  t  he  lower  neurons  ifl  still 
Usually,  however,  owing  to  the  loss  of  the  influ  the  cells  of  the 
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upper  neurons,  and  consequent  loss  of  voluntary  movement,  the  muscles- 
being  deprived  of  their  function— also  undergo  atrophy.     The  ait 
muscle-fibres  are  generally  pale  and  flabby,  and,  on  microscopical  examina- 
tion, the  striation  may  be  obscured,  and  the  fib*  tented; 
coagulation-necrosis,  or  fatty  degeneration,  may  be  present.    Not  on< 
monly,  there  is   a   proliferation   of  the   oonnective  the 
atrophied  muscle-fibres;  and  an  excessive  accumulation  of  fat  may  also 


Fig.  49S. — Psrudo-hup< rtroph        '         I ir  Atrophy.     Longitudinals 
of  erector  spiriie  muscle.     (See  text.) 


take  place  in  the  same  situation.     This  adipose  condition  is  often  ray 
marked. 

(3)  Myopathic  Muscular  Atrophies  (the   Muscular   Dystrophies),  the 
pathology  of  which  is  unknown,  are  generally  described  aa  ooourring  in 
two  main  forms    the  atrophic  and  t  he  pseudo-hypertrophic  [see  pp. 
but  Erb  has  shewn  that  there  is  no  sharp  division  between  I 
He  subdivides  the  disease  into  two  groups  : — 
i.  Thos<  which  occur  in  infant 

ii.  Those  which  occur  in  youth  and  adult  life. 
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He  maintains  that,  in  all  cases,  there  is,  first,  hypertrophy  of  the 
muscle-fibres,  and  a  slight  increase  in  the  amount  of  connective  tissue. 
Later,  atrophy  supervenes — the  muscle-fibres  become  vacuolated  and 
fragmented,  the  sarcolemma-nuclei  greatly  increased  in  numbers,  and 
the  connective  tissue  in  and  between  the  bundles  increased  in  amount. 
Fat  is  deposited  in  this  new  connective  tissue  in  varying  degree — being 
sometimes  so  abundant  as  to  produce  very  large  masses  of  fatty  tissue, 
which  give  to  the  affected  part  the  appearance  of  hypertrophy. 

In  different  instances  special  groups  of  muscles  are  affected.  Thus, 
in  some  of  the  cases  occurring  in  infancy,  the  muscles  of  the  face  shew  the 
involvement  early  in  the  disease;  whilst  in  others,  the  facial  muscles 
seem  to  escape. 

The  changes  are  best  seen  in  the  so-called  pseudo-hypertrophic  forms, 
and,  in  these  cases,  particularly  in  the  muscles  of  the  calves.  The  extensors 
of  the  leg,  the  glutei,  the  lumbar  muscles,  the  deltoid,  and  the  triceps, 
are  the  next  most  frequently  involved.  Except  in  the  special  instances 
already  mentioned,  the  muscles  of  the  neck,  face,  and  forearm  rarely 
suffer. 

INFLAMMATION  :— 

Various  forms  of  inflammation  of  muscle  have  been  described,  but  it 
is  sufficient  to  distinguish  between  the  non-suppurative  and  the  suppura- 
ative  types. 

(a)  Non-Suppurative  Myositis  is  usually  the  result  of  traumatism  :  or 
secondary  to  inflammation  of  neighbouring  structures,  e.g.  the  skin, 
bones,  joints,  mucous  membranes,  etc.  It  is  frequently  primary,  due  to 
some  infective  agent,  e.g.  that  seen  in  rheumatism;  and  it  is  also  asso- 
ciated with  trichinelliasis  (trichinosis).  It  presents  the  ordinary  pheno- 
mena of  inflammation  in  other  situations,  the  muscles  becoming  swollen, 
congested,  and  cedematous,  and  infiltrated  with  polymorphonuclear 
leucocytes  (Plate  XVII,  fig.  1). 

In  cases  in  which  the  inflammatory  reaction  is  due  to  the  irritation 
of  a  foreign  body,  such  as  a  bullet,  a  piece  of  clothing,  catgut-ligatures, 
etc.,  and  in  which  sepsis  is  not  pronounced,  the  muscle-fibres  tend  to  lose 
their  striation,  to  become  homogeneous  in  appearance,  and  eventually 
to  disappear.  The  sarcolemma-nuclei  undergo  proliferation,  and  a 
characteristic  feature  is  the  production  of  large  mononucleated  (Plate 
XVII,  fig.  2)  and  also  irregular  multinucleated  cells — cells  concerned 
apparently  in  the  process  of  absorption. 

(6)  Suppurative  or  Purulent  Myositis  may  follow  suppurative  affections 
in  the  neighbouring  structures ;  or  may  be  hematogenous  in  origin — the 
organisms  being  carried  by  the  blood-stream  and  deposited  in  the  muscles, 
for  example,  in  cases  of  pyaemia,  erysipelas,  purulent  arthritis,  etc.  The 
pus  may  burrow  in  various  directions  between,  and  in,  the  muscle-bundles ; 
and  the  muscle-fibres  become  swollen,  softened,  and  necrosed.     In  the 
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PLATE   XVII 

Fig.  1. — Muscle-fibres  adjoining  a  wound  (3  days).  X  700.  (a)  Healthy  muscle; 
(b)  degenerated  muscle  which  is  being  penetrated  and  absorbed  by  both  polymorpho- 
nuclear leucocytes  and  mononucleated  cells.     (From  thesis  by  J.  W.  Dawson,  M.D.) 


Fig.  2. — Muscle  almost  replaced  by  phagocytic  mononucleated  cells.     Note  the  remains 
of  muscle-fibres  in  the  phagocytes.     (From  thesis  by  J.  W.  Dawson  M.D.) 
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more  intense  cases,  haemorrhage  and  gangrene  may  occur ;  and  the  muscle 
may  be  completely  destroyed. 

MYOSITIS  OSSIFICANS.— In  this  disease,  the  formation  of  bone 
occurs  in  the  muscles.  The  condition  may  follow  an  injury,  or  such 
degenerative  and  necrotic  changes  as  result  from  acute  inflammation. 
In  the  process  of  repair  of  these  damaged  parts,  granulation -tissue  Is 
developed;  and  this  may  undergo  myxomatous  change,  or  calcification  ; 
or  it  may  become  the  seat  of  actual  formation  of  bone.  The  muscles 
most  frequently  affected  are  the  deltoid  and  pectoral  muscles,  the  adductors 
of  the  thighs,  and  the  other  muscles  of  the  arms  and  legs.  The  bone  may 
be  in  the  form  of  irregular  nodules,  needle-like  masses,  or  plates. 

A  progressive  form  (Myositis  Ossificans  Progressiva)  occurs  especially 
in  young  subjects,  and  affects  the  muscles  of  the  neck,  back,  and  thorax, 
spreading  gradually  over  the  entire  body.  The  cause  of  this  form  is 
unknown. 

TUBERCULOSIS,  as  a  primary  condition  in  muscle,  is  rare ;  but 
secondary  infiltration  from  neighbouring  structures  such  as  tuberculous 
bones,  joints,  skin,  serous  membranes,  etc.,  is  common — producing 
abscesses  and  other  destructive  changes  in  the  muscles.  The  psoas  and 
lumbar  abscesses  which  result  from  tuberculous  disease  of  the  vertebrae, 
and  abscesses  in  the  neighbourhood  of  the  hip-joint,  are  common  examples 
of  this  secondary  infiltration. 

SYPHILIS. — Some  of  the  more  chronic  forms  of  myositis  may  be 
syphilitic  in  origin,  but  the  most  frequent  manifestation  of  syphilis  in  the 
muscles  is  the  presence  of  gummata.  These  may  form  large  tumour-like 
masses,  presenting  a  central  area  of  caseation,  and  a  peripheral  zone  of 
vascular  granulation-tissue.  Between  these  two  zones,  there  are  usually 
several  layers  of  fibrous  tissue,  more  or  less  dense  in  character.  The 
vessels  may  shew  marked  peri-  and  end-arteritis.  The  muscles  most 
commonly  affected  are  the  biceps,  the  muscles  of  the  neck  and  back,  the 
tongue,  and  the  sphincter  ani. 

ACTINOMYCOSIS,  MYCETOMA,  GLANDERS,  and  LEPROSY,  may 
involve  the  muscles  in  the  vicinity  of  the  original  lesion. 

TUMOURS  of  muscle  are  usually  secondary ;  though  primary  sarcomata 
are  described.  The  fibromata,  lipomata,  myxomata,  osteomata,  etc., 
found  in  muscle,  take  their  origin  usually  from  the  interstitial  fibrous 
tissue,  and  not  from  the  muscle-fibres.  Rhabdo-myomata  -  -often  tei 
matous  in  origin — and  mixed  teratomatous  tumours  containing  striped 
muscle  are  also  found.  Sarcomata  and  carcinomata  occur  as  secondary 
growths,  and  commonlj  are  the  result  of  direct  spread  from  tumours  in 
the  vicinity. 

PARASITES.-  -Trirhinclht  spiralis.  CysticertU  celhtlosrr.  and  Hydatids 
have  been  found.    These  are  fully  described  in  Chapter  XI. 

For  Rigor  Mortis  see  p.  87,  and  Healing  and  Regeneration  of  Muscle, 
p.  223,  General  Pathology,  and  Plate  W  II,  figs.  1  and  2,  p.  1064. 
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DISEASES   OF  THE   TENDONS,   TENDON=SHEATHS,   AND 

BURS£ 

Only  a  brief  reference  to  these  is  required  here,  as  the  subject  is  fully 
dealt  with  in  works  on  Surgery. 

RUPTURE  OF  TENDONS.— Tendons  may  be  torn  from  their  attach- 
ments, or  rupture  of  them  (e.g.  of  the  tendon  of  the  plantaris  muscle, 
the  tendo  Achillis,  etc.)  may  take  place  especially  if  they  are  the  seat 
of  previous  disease. 

DISPLACEMENTS  of  tendons,  e.  g.  of  the  biceps,  or  of  one  of  the  peronei 
muscles,  occasionally  occur. 

HEMORRHAGE  INTO  TENDON-SHEATHS  sometimes  results  from 
injury,  from  severe  inflammation,  or  from  other  causes. 

CALCIFICATION  follows  other  degenerative  or  chronic  inflammatory 
lesions.  GOUTY  DEPOSITS  of  urates  are  found  in  and  around  tendons 
and  their  sheaths. 

INFLAMMATION  OF  TENDON-SHEATHS  or  TENO-SYNOVITIS,  is  of 
greater  importance,  and  the  pathological  changes  produced  are  analogous 
to  those  caused  by  inflammation  in  other  closed  serous  sacs.  Teno- 
synovitis may  be  acute  or  chronic — dry,  with  effusion  of  fluid,  or 
suppurative. 

(a)  Acute  Non-suppurative  Teno-Synovitis  may  be  traumatic,  e.g. 
from  over-action,  or  from  sprains ;  or  infective  in  origin,  e.  g.  from  infection 
with  the  organisms  of  acute  rheumatism,  gonorrhoea,  etc.  Gonorrhoeal 
cases  are  generally  suppurative ;  but  pus  is  never  developed  in  uncom- 
plicated rheumatic  cases.  Acute  inflammation  may  also  occur  in  gout. 
In  such  cases,  the  amount  of  fluid  exudate  varies  greatly. 

(6)  Suppurative  Teno-Synovitis  due  to  the  involvement  of  the  tendon- 
sheaths  in  infected  wounds ;  to  the  extension  into  them  of  local  suppur- 
tive  conditions,  e.g.  in  whitlow;  or  as  a  part  of  a  more  generalised 
infection,  e.g.  in  gonorrhoeal  and  other  septicaemias,  and  in  pyaemia  and 
analogous  conditions  is  frequently  found. 

(c)  Chronic  Teno-Synovitis  may  be  a  sequel  of  acute  inflammation ; 
but,  more  commonly,  it  is  tuberculous  or  syphilitic  in  origin.  The  patho- 
logical changes  in  tuberculous  teno-synovitis  are  practically  identical 
with  those  found  in  tuberculous  arthritis.  The  chief  varieties  are  (1) 
a  gelatinous  form,  in  which  the  tendon  and  its  sheath  become  softened 
and  jelly-like  :  (2)  a  variety  accompanied  by  serous  effusion  :  and  (3) 
a  form  which  leads  to  the  production  of  "  chronic  abscess."  In  Syphilis, 
the  tendons  and  their  sheaths  are  sometimes  the  seat  of  a  comparatively 
acute  inflammatory  attack,  but,  more  frequently,  the  process  is  a  chronic 
one.  Gummatous  formation  occurs  in  the  substance  of  tendons,  and 
interstitial  overgrowth  is  also  a  sequel  of  syphilis. 
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These  various  forms  of  teno-synovitifl  may  be  accompanied,  or  followed 
by,  the  production  of  adhesions.    The  mtensei  forms  of  inflammation, 

especially  if  suppurative,  may  lead  to  necrosis  of  the  affected  tendon. 
Cicatricial  contraction,  producing  deformities,  also  follows  in  certain 
instances. 

TUMOURS   OF   TENDON.— Primary   tumours   are    rare.     Myxor 
fibromas,  chondromas,  osteomas,  and  sarcomas,  have  been  described. 
Secondary  infiltration  by  malignant  tumours  of  neighbouring  structures 
may,  of  course,  take  place. 

DISEASES  OF  BURSJE  :— 

Inflammatory  conditions  of  these  are  of  importance,  and  are  fully 
discussed  in  surgical  textbooks. 

Acute  Bursitis  may  be  non-suppurative,  suppurative,  or  hemorrhagic. 
In  the  first-mentioned  of  these,  effusion  is  usually,  though  not  alwa; 
characteristic  feature.     Chronic  Bursitis  may  be  secondary  to  previous 
acute  disease,  or  it  may  be  tuberculous  or  syphilitic.     Both  acute  and 
chronic  forms  are  found  in  gouty  subjects. 

Tumours,  such  as  fibromas,  myxomas,  chondromas,  and  sarcomas, 
occasionally  arise  from  bursae. 

"  Adventitious  Bursae  "  are  developed  over  bony  prominences  subject 
to  pressure  and  irritation,  e.g.  in  cases  of  bunion,  or  on  the  shoulders, 
necks,  or  heads  of  porters  who  are  accustomed  to  carry  heavy  weights 
on  these  parts.     Such  false  bursae  are  very  liable  to  inflammation. 

"Ganglion." — In  this  condition,  cavities,  sometimes  of  considerable 
size,  and  containing  clear,  white-of -egg-like  fluid,  or,  perhaps  more 
characteristically,  a  transparent,  colourless,  material  resembling  glycerine 
jelly,  are  developed  in  the  neighbourhood  of  joints  and  tendon-sheaths  - 
most  commonly  about  the  dorsal  aspect  of  the  wrist.  Their  origin  is 
much  discussed.  They  have  usually  been  regarded  as  narrow-necked 
diverticula  growing  from  the  synovial  membranes  of  joints  or  of  tendon- 
sheaths;  but,  more  recently,  the  view  has  been  advanced  that  they  are 
myxomatous  in  nature,  and  arise  from  the  connective-tissue  elements 
in  the  neighbourhood  of,  but  not  constituting  part  of,  t  he  joints  or  tendon- 
sheath. 


APPENDIX   I 

(Seep.  17.) 

Recommendations  made  by  the  Chemical  and  Physiological 

Societies  of  Great  Britain  as  to  the  Nomenclature 

of  Albuminous  Substances 

I.  The  word    Proteid — which   is   used   in  different   senses  in   this   country 
and  in  Germany — should  be  abolished. 

II.  The  word  Protein  is  recommended  as  the  general  name  of  the  whole 
group  of  substances  under  consideration.  It  is  at  present  so  used  both  in 
America  and  Germany.  It  admits  readily  of  the  use  of  such  derived  words 
as  protease  and  proteose.  If  used  at  all,  the  term  Albuminoid  should  be 
regarded  as  a  synonym  of  protein. 

III.  The  sub-classes  should  be  as  follows  : — 

1.  Protamines. — These  are  simple  members  of  the  group.  They  are 
exemplified  by  substances  like  salmine  and  sturine,  which  have  been  separated 
from  fish-sperm. 

2.  Histones. — These  are  more  complex  substances  :  this  and  the  previous 
class  probably  pass  gradually  into  one  another.  The  class  is  exemplified  by 
the  histones  separated  by  Kossel  from  blood-corpuscles;  precipitability  by 
ammonia  is  one  of  their  distinguishing  features. 

3.  Albumins. — These  are  proteins  of  which  egg-albumin  and  serum-albumin 
may  be  taken  as  typical  examples. 

4.  Globulins. — These  are  proteins  which  differ  from  the  albumins  in  solu- 
bility;  they  are  more  readily  "  salted  out  "  of  solution  than  the  albumins. 
They  are  exemplified  by  serum-globulin  and  fibrinogen.  The  class  should 
also  include  certain  derivatives  of  globulins  such  as  fibrin  and  myosin. 

N.B. — The  carbohydrate  radicle  separable  in  small  quantities  from  many 
members  of  Classes  3  and  4  is  probably  not  to  be  considered  as  a  prosthetic 
group,  as  it  is  in  the  gluco-proteins  (see  below). 

N.B. — It  appeared  advisable,  especially  from  the  teachers1  standpoint, 
to  introduce  a  general  term  to  include  proteins  coagulable  by  heat  (Classes 
3  and  4) ;   but  a  term  Likely  to  meet  with  general  acceptance  has  not  yet 
suggested. 

5.  Sclero-proteins. — This  new  word  takes  the  place  of  the  word  albuminoid 
in  th<'  limited  sense  in  which  the  majority  of  physiologists  have  been  accus- 
tomed to  use  it.  It  includes  such  Bubstances  as  gelatin  and  keratin:  the 
prefix  indicates  the  skeletal  origin  and  often  insoluble  nature  of  its  members. 

6.  Phospho-proteins. — This  class  includes  such  Bubstances  as  vitellin 
and  caseinogen,  with  its  derivative  casein.  The  prefix  nucleo-  frequently 
used  in  relation  to  this  class  is  incorrect  and  misleading. 

7.  Conjugated  proteins.  These  are  Bubstances  in  which  the  protein 
molecule  is  united  to  a  "  prosthetic  group."  The  principal  subdivisions 
are  : — 

(a)  Nudeo-proU 

(b)  Gluco-proteins  (e.g.  mucin). 

(c)  Chromo-proU  /.  hemoglobin). 
31a  \i\ 
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8.  Derivatives  of  Proteins. — Of  these,  the  products  of  protein-hydrolysis 
(a  term  preferable  to  proteolysis  x)  are  those  which  require  special  attention. 
These  should  be  classified  as  follows  : — 

(a)  Meta-proteinS.  -This  term  is  suggested  in  place  of  albuminate  (acid- 
albumin,  alkali-albumin),  which  is  objectionable  because  (1)  these  products 
are  obtains  ble  from  both  albumins  and  globulins ;  also  (2)  because  the  termina- 
tion "  -ate  ?'  implies  a  salt. 

(b)  Proteoses. — This  term  includes  albumose,  globulose,  gelatose,  etc. 
The  subdivision  of  these  into  proto-,  hetero-,  deutero-proteoses,  etc.,  and  the 
various  modifications  of  Kiihne's  original  classification,  have  been  considered  : 
the  whole  subject  is,  however,  at  present  too  unsettled  for  any  final  nomen- 
clature of  these  subdivisions  to  be  proposed. 

(c)  Peptones. — This  term  should  be  restricted  to  the  further  products  of 
hydrolysis  which  differ  from  the  proteoses,  inasmuch  as  they  cannot  be  salted 
out  from  solution,  and  usually  resemble  them  in  giving  the  biuret  test. 

N.B. — It  has  been  pointed  out  that  certain  vegetable  products  hitherto 
regarded  as  peptones  do  not  give  the  biuret  test.  It  does  not  appear  possible 
to  bring  such  exceptional  substances  into  any  general  classification  at  present. 
The  same  difficulty  in  classifying  arises  in  connection  with  certain  other  veget- 
able proteins;   for  instance,  those  which,  like  gliadin,  are  soluble  in  alcohol. 

(d)  Polypeptides. — The  majority  of  the  polypeptides  are  synthetical  sub- 
stances. Some,  however,  have  been  separated  from  the  products  of  protein- 
hydrolysis,  and  it  is  therefore  advisable  to  include  them  in  the  present  classi- 
fication. They  are  products  of  cleavage  beyond  the  peptone  stage,  and  consist 
of  two  or  more  amino-acids  in  association;  the  majority  of  those  hitherto 
prepared  do  not  give  the  biuret  test. 

IV.  The  term  caseinogen  should  be  used  for  the  principal  protein  in  milk, 
and  casein  for  its  derivative,  which  is  the  result  of  the  action  of  rennet. 

V.  The  two  principal  proteins  of  the  muscle-plasma  should  be  termed 
paramyosinogen  and  myosinogen;  the  term  soluble  myosin  should  take  the 
place  of  v.  Furth's  soluble  myogen-fibrin ;  the  term  myosin  should  be  restricted 
to  the  final  product  formed  during  rigor  mortis 

1  Although  mindful  of  the  unfortunate  fact  that  terms  such  as  proteolysis  fail 
to  convey  a  meaning  in  harmony  with  that  which  is  conveyed  by  the  terms  electrolysis 
and  hydrolysis  (on  which  they  are  moulded)  of  decomposition  by,  the  Committee  have 
not  ventured  to  deal  with  the  difficulty ;  they  recognise,  however,  that  the  practice 
is  one  to  be  obviated  if  possible  (compare  Armstrong,  Proc.  Boy.  Soc,  1904,  73,  500). 
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ADAMI'S   CLASSIFICATION    OF   TUMOURS1 

(See  p.  279.) 

It  is  now  established  that  "  the  specific  and  characteristic  cells  of  several 
tissues  of  the  glandular  type — of  the  kidneys,  suprarenal  bodies,  ovaries, 
testes,  and  uterine  mucosa — are  of  mesoblastic  origin,  but  these,  nevertheless, 
give  rise  to  tumours  which  may  and  often  do  resemble  most  closely  those  of 
hypoblastic  and  epiblastic  origin.  .  .  .  And  thus  the  cancer-like  tumours 
which  originate  in  these  organs  must  be  accepted  as  mesoblastic"  (he.  dt., 
p.  243).  Adami  also  points  out  that  gliomata,  though  resembling  sarcomata, 
take  origin  from  the  epiblast ;  whilst  new  growths  arising  from  the  remains  of 
the  notochord,  which  is  hypoblastic  in  origin,  may  resemble  myxomatous 
connective-tissue-like  tumours.  These  difficulties  have  done  much  to  dis- 
credit attempts  at  an  embryological  classification ;  and  Adami  then  proceeds 
to  shew  how  those  apparent  exceptions  may  be  reconciled  with  such  a  true 
embryological  method. 

After  the  differentiation  of  the  cells  of  the  embryo  into  the  primitive  epi- 
blast and  hypoblast  (see  p.  xxiv),  the  latter  gives  rise,  by  the  proliferation  of 
its  cells,  to  the  mesoblast,  but  itself  remains  as  a  distinct  lining  membrane.  At 
the  same  time,  the  epiblast  gives  rise  to  the  mass  of  cells  which  dips  in  and 
becomes  detached  to  form  the  central  nervous  system.  Similarly,  the  noto- 
chord is  formed  by  a  mass  of  cells  which  becomes  detached  from  the  hypoblast. 
Mesoblast,  neuroblast,  and  notochord  are,  therefore,  all "  derived  from  the  two 
primitive  cell-layers,  and  the  first  two,  at  least,  lose  the  lining-membrane 
characteristics  of  these  two  earliest  layers,  and  take  on  a  less  differentiated 
condition  prior  to  farther  evolution  "  (loc.  cit.,  p.  247).  Later,  the  mesoblast 
becomes  further  differentiated,  growing  out  between  the  epiblast  and  hypo- 
blast to  form  or  enclose  the  primitive  body-cavity,  there  being  now  two  struc- 
tures of  mesoblastic  origin — the  mesothelium  or  lining-membrane  portion 
of  the  mesoblast,  and  the  mesenchyme  or  mesoblastic  pulp.  From  the  I 
thelium  is  derived  another  group  of  cells  on  either  side  of  the  embryo  which 
becomes  the  "  mother-tissue  "  of  the  striated  muscle  and  myocardium  ;  whilst 
the  other  tissues  derived  from  the  mesothelium  are  of  the  nature  of  lining 
membranes,  e. g.  the  cells  lining  the  pleura,  pericardium,  peritoneum;  or 
go  to  form  the  special  glandular  cells  of  the  suprarenal  cortex,  kidneys  and 
genital  glands. 

From  the  mesenchyme  are  developed  the  endothelial  cells  lining  bl< 
vessels  and  lynipat hies;   but  the  bulk  of  tissues  derived  from  th-  livine 

1  Adami :  "  On  the  Classification  of  Tumours,''  Jour.  Path,  an 
Lond.,  vol.  viii.,  p.  843, 
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are  of  the  nature  of  pulp-tissues,  e.  g.  connective  tissue,  cartilage,  bone,  etc., 
(see  table). 

Ectoderm  and  ectodermic  glands.  (Lepidic.) 

Xeuroblast  {nerve-cells  and  neuroglia).  (Hylic) 


Epiblast- 


EMI'.KVOXIC 
ARK  A 


liLAST- 


-Mesothelium — lining-membrane  of  body-cavity  and  glands 
Striated  muscle  and  myocardium. 

Endothelium — lining  blood-vessels  and  lymphatics. 

— Mesenchyme — fibrous  connective  tissues,  cartilage,  bone, 
non-striped  muscle,  etc. 


Hypoblast- 


Entoderm  and  glands. 
yotochord. 


(Lepidic.) 
(Hylic.) 

(Lepidic.) 

(Hylic.) 

(Lepidic.) 
(Hylic) 

Thus  epiblast,  hypoblast,  and  mesoblast  become  each  differentiated  into 
two  sets  of  tissues  : — 

(1)  Lining-membrane  tissues  (including  the  epithelial  cells  of  glandular 

organs). 

(2)  Pulp-tissues. 

The  former,  from  whichever  embryonic  layer  they  originate,  may  either 
remain  as  functional  covering  or  lining-membranes,  e.  g.  the  pleura,  peri- 
cardium, peritoneum,  skin,  mucous  membranes,  etc. ;  or  they  may  become 
developed  into  the  highly-specialised  parenchymatous  constituents  of  various 
glandular  organs,  e.  g.  the  sebaceous  and  sweat-glands,  digestive  glands,  and 
genito-urinary  glands,  lining-membranes  of  the  lungs,  etc.,  etc.  These  special 
constituents  dip  down,  as  it  were,  into  the  mesenchyme,  and  thus  acquire 
a  stroma  of  connective  tissue.  They  themselves,  however,  form  layers  or 
groups  of  cells  into  which  the  vessels  do  not  penetrate,  and  in  which  there 
is  an  absence  of  stroma  between  the  members  of  the  cell-groups.  In  tissues 
derived  from  the  embryonic  pulp,  on  the  other  hand,  the  individual  cells  are 
separated  by  an  inter-cellular  substance,  either  homogeneous  or  fibrillated. 

Adami  therefore  divides  the  various  tissues  of  the  body  into  two  great 
groups : — 

Lepidic    (from  Xe-n-Ls,  A.€7ri'So?,  a   rind,  skin,    or   membrane) — the   lining- 
membrane  group. 
Hylic  (from  vkr),  crude  or  undifferentiated  matter) — the  body-pulp  group. 

The  tissues  in  each  of  these  main  groups  he  further  subdivides  according 
as  they  are  epiblastic,  hypoblastic,  mesothelial,  mesenchymatous,  or  endothe- 
lial in  origin;  and  on  this  basis  he  gives  the  following  classification  of  normal 
tissues  : — 


I.  LEPIDIC,    OR    LINING-MEMBRANE   TISSUES 

in  which  the  blood-vessels  do  not  penetrate  the  groups  of  specific  cells,  and 
in  which  there  is  an  absence  of  definite  stroma  between  the  individual  cells, 
although  such  stroma,  of  mesenchymatous  origin,  may  be  present  between  the 
groups  of  cells. 

1.  Epiblastic. — Epidermis.  Epidermal  appendages — hairs,  nails,  enamel 
of  teeth,  etc.  Epidermal  glands.  Epithelium  of  the  mouth — salivary  glands. 
Epithelium  and  glands  of — nasal  tract  and  associated  spaces.  Epidermal 
portion  of  hypophysis  cerebri.  Lens  of  eye  Epithelium  of— membranous 
labyrinth  of  ear,  anus,  male  urethra  (except  prostatic  portion). 
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2.  Hypoblastic. — Epithelium  of — digestive  tract  and  glands  connected 
with  it.  Specific  cells  of — liver,  pancreas,  tonsils,  thymus,  thyroid.  Epi- 
thelium of — trachea,  lungs,  bladder,  female  urethra,  male  urethra  (prostatic 
portion). 

3.  Mesothelial. — Lining-cells  of — pleurae,  pericardium,  peritoneum.  Specific 
cells  of — suprarenals,  kidneys,  testes,  ovaries  (Graafian  follicles).  Epithelium 
and  glands  of — Fallopian  tubes,  uterus,  vagina,  vasa  deferentia,  vesiculae 
seminales,  etc. 

4.  Endothelial. — Lining-endothelium  of — blood-vessels,  lymphatics. 

II.  HYLIC,  OR   PRIMITIVE  PULP-TISSUES 

Organs  and  tissues  in  which  the  special  characteristic  is  that  the  specific 
cells  lie  in,  and  are  separated  by,  a  definite  stroma,  homogeneous  or  fibrillar, 
in  which  there  may  or  may  not  be  blood-  and  lymph-vessels. 

1.  Epiblastic. — Nerve-cells,  neuroglia. 

2.  Hypoblastic. — The  notochord  and  its  remains. 

3.  Mesenchymatous.  —  Fibrous  connective  tissues,  cartilage,  bone, 
reticulum  of  lymph-glands,  bone-marrow,  fat-cells,  involuntary  muscle- 
tissue,  spleen,  blood-vessels,  blood-corpuscles. 

4.  Mesothelial. — Striated  muscle,  including  cardiac  muscle. 

Adami  divides  tumours  or  "  autonomous  neoplasms  "  into  the  two  great 
orders  Teratomata  and  Blastomata.  The  former  of  these  he  defines  as 
"  tumours  composed  of  the  products  of  growth  of  one  individual  within 
the  tissues  of  another  individual  of  the  same  species."  Blastomata  he 
defines  as  "  tumours  composed  of  the  products  of  aberrant  growth  of  cells 
and  tissues  of  the  individual  in  whom  they  are  developed." 

Next,  he  subdivides  the  Blastomata,  or  body-tissue  tumours,  into  two 
main  genera — the  Lepidomata,  originating  from  the  lining-membrane  tissues 
enumerated  above;  and  the  Hylomata,  originating  from  tissues  developed 
from  the  embryonic  pulp. 


Explanation  of  Figure,  p.  xxiv. 

I.    Embryonic  Area,  shewing  differentiation  into  Epiblast  and  Hypoblast. 

II.    Embryonic    Area,   shewing   differentiation   into   Epiblast,   Mcsublast,   and    Hypoblast.      Dipping   in   of 
Epiblast  to  form  Neural  Canal  (N.C.) 

III.  Neural   Canal  (N.C.)   almost  complete.     Differentiation  of   Mesoblast  into  Mesenchyme  (Mes"11.)  and 

'''.).     Formation  of  Calom  or  Body-Cavity  (B.C.)  in  the  latter.     Formation  of 
Notochord  (N.)  from  Hypoblast. 

IV.  Neural  Canal  or  Neuroblast  (N.C),  completely  separated  from  surface  epiblast  t»r  Ectoderm 

Formation  of  Vascular  Endothelium  (End<'"».)  from  Mesenchyme.     Differentiation  of  Mesot  helium 
into  pulp-layer  and  lining-layer.     Complete  separation  of  Notochord  (Ned.)  from  lining  hypo) 
Entoderm. 
V.    Schematic  Transverse  Section  of  Embryo,  shewing  the  derivation  of  the  body-ti^ues  from  the  three 
embryonic  layers  (modified  from  Adami).1 


Primitive  Layer. 

Lepidic  Tissues. 

Hylic  Tissues. 

Epiblast. 
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1  Loc.  cit.%  i 
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ScJiemes  to  shew  Embryogunl><  Relationship  of  the  various  body  tissues. 
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I.  LEPIDOMATA,    OR    RIND-TUMOURS  : 

A.  Lepidomata  of  the  First  Order,  or  Primary  Lepidomata  : — 

1.  Epilepidomata   (Lepidomata  whose   characteristic  constituents   are 

over-growths  of  tissues  derived  directly  from  the  epiblastic 
lining  membranes,  or  true  epiblast. 

(a)  Typical. — Papilloma,  epidermal  adenomata  (of  sweat,  salivary, 

sebaceous,  and  mammary  glands,  etc.). 

(b)  Atypical. — Epithelioma  proper,  carcinoma  of  glands  of  epiblastic 

origin. 

2.  Hypolepidomata  (Lepidomata  of  Hypoplastic  origin)  : — 

(a)  Typical. — Adenoma  and  papilloma  of  digestive  and  respiratory 

tracts,  thyroid,  pancreas,  liver,  bladder,  etc. 

(b)  Atypical. — Carcinoma  developing  in  the  same  organs  and  regions. 

B.  Lepidomata  of  the  Second  Order,  or  Transitional  Lepidomata  :— 

3.  Mesolepidomata  (Lepidomata  whose  characteristic  constituents  are 

cells  derived  in  direct  descent  from  the  persistent  meso- 
thelium  of  the  embryo)  : — - 

(a)  Typical. — Adenoma  of  kidney,  testicle,  ovary,  urogenital  ducts ; 

adenoma  of  uterus  and  prostate;  adenomas  originating  from 
the  serous  membranes,  "  mesothelioma "  of  pleurae,  peri- 
toneum, etc. 

(b)  Atypical. — Cancer   of  the   above-mentioned   organs;    squamous 

endothelioma,  so-called,  of  serous  surfaces,  epithelioma  of 
vagina,  adrenal  mesotheliomas,  hypernephromas. 

4.  Endothelial  Lepidomata,  originating  from  the  endothelium  of  the 

blood-    and    lymph-vessels;     endothelioma,    perithelioma, 
psammoma,  some  cholesteatomas. 

II.  HYLOMATA,   OR   PULP-TUMOURS  : 

1.  Epihylomata,   or  Hylomata  whose   characteristic   constituents   are 

over-growths  of  tissues  derived  from  the  embryonic  pulp 
of  epiblastic  origin. 

(a)  Typical. — True  neuroma,  glioma. 

(b)  Atypical. — "  Gliosarcoma." 

2.  Hypohylomata,  or  Hylomata  derived  similarly  from  embryonic  pulp 

of  hypoblastic  origin. 

(a)  Typical.  )  rhordoma 

(b)  Atypical,  f  tnordoma- 

3.  Mesohylomata,  or  Hylomata  derived  from  mesoblastic  mesenchyme 

and  mesothelium : — 

A.  Mesenchymal  Hylomata. — Derived  from  tissues  originating  from 

the  persistent  mesoblastic  pulp  or  mesenchyme. 

(a)  Typical. — Fibroma,  lipoma,  chondroma,  osteoma,   myxoma. 

leiomyoma,  myeloma. 

(b)  Atypical. — Sarcoma  (derived  from  mesenchymatoua  tissui 

with  its  various  subdivisions,  fibro-sarcoma,   spindle-cell 
sarcoma,  oat-shape-cell  sarcoma,  chondro-sarcom 
sarcoma,    myxo-sarcoma,  etc.;    (of  origin  still  debai 
melanotic  sarcoma). 

B.  Mesothelial    Hylomata,  or  Hylomata  which    are    over- growths 

similarly    of    tissues    derived     from    embryonic     pulp    of 
definitely  mesothelial  origin. 

(a)  Typical.  \   .,,    .  ■ 

(b)  Atypical.!  M-Mo-mywn*. 
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Abscess,  actinomycotic,  241 

biliary,  803 

cardiac,  527 

cerebral,  354 

cold,  1042 

formation,  201 

in  filarial  infection,  435 

hepatic,  354 

of  bone,  1032 

of  brain,  981 

of  liver,  354,  802 
tropical,  802 
pyaemic,  802 

of  lung,  696 

of  thyroid  gland,  835 

peri-nephric  and  peri-nephritic,  88" 
Acanthiadse,  447 
Acanthia  lectularia,  447 
Acanthocheilonema  perstans,  438 
Acarina,  439 
Acetonemia,  569 
Acetonuria,  569 
Achbrhydria,  620 
Acholuric  jaundice,  80 
Achondroplasia,  1027 
Achromatic  spindle  in  cell-division,  12 

substance  of  nuclear  membrane,  5 
Achromatin,  6 
Achylia,  620 

Acidophil  cell-granules,  9 
Acidosis,  569,  831c 
Acquired  immunity,  452 
Acrania,  965 
Acromegaly,  250,  857 

characteristics  of,  858,  1037 
Actinomyces  bovis,  240 
Actinomycosis,  240 

characters  of  lesions,  240,  241 

effect  on  lungs,  704 

in  bone,  1044 

involving  muscles,  1065 

of  intestines,  780 

of  kidney,  916 

of  liver,  812 

of  mammary  gland,  936 
Active  immunity,  453 
Adami's  classification  of  tumours,  280 
Addison's  dia 

pigmentary  changes  in,  75 
Adeno-carcinoma,  328 

of  breast,  942,  947 
Adenoid  cancer,  328 
Adenoids,  662,  M2 
Adenoma.  3 1 1 

histology  of,  312 

malignanl ,  3 

of  liver,  812 
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Adenoma,  supporting  structures  of,  31  J 
Adeno-myoma,  299 
Adeno-myomatosis,  299 
Adhesions,  mitral,  512 

pericardial,  504 
Adipocere,      formation      of,      in      fatty 

degeneration,  36 
Adiposity,  45,  47 

causes  of,  35 

of  heart,  522 

production  of,  249 
Adrenal  bodies.     See  Suprarenal  bodies 
Adrenalin,  848 
African  tick  fever,  442 
Age  factor  in  tumours,  263 

influence  in  atrophy,  112 

in  relation  to  temperature,  491 

old,  changes  in,  111 
Agglutination  and  agglutinins,  472 
Aggressins,  475 

in  immunity,  454 
Air-embolism,  145 
Albinism,  71 

Albumen,    formation    of,    in    fatty    de- 
generation, 36 

in  transudates,  129 
Albuminoid  degeneration,  30 
Albuminous    substances,     nomenclature 

of,  17 
Albumins,  pigments  allied  to,  7<> 
Albuminuria,    composition    of    dropsical 

fluids  in,  129 
Alcohol,  18 

as  cause  of  obesity,  4  7 
Alcoholic  cirrhosis,  803,  805 

neuritis,  1016 
Aleppo  button,  parasite  causing,  364 
Aleucocytosis,  601,  603 
Alexins,  407,  477 
Alimentary  canal,  substances  introduced 

into  causing  pigmentation, 
Amboceptors,  467,  479 
Amino-acids  in  tumours,  283 
Amitosis,  11 
Amoeba  ooli,  352 

den  talis.  359 

dysenterisB,  354,  770 

histolytica.  35  I 
nana.  359 

i  Entamoeba,  3 
Amoebiasis,  general, 

urinary,  360 
Amoebic  dysentery,  354,  770 
Amoebina,  351 
Amcebulee,  349,  35] 
Amphiaster  in  cell -division,  I  \ 
Amphimerus  nov< 
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Amphophil  cell -granules,  9 

"  Amputation  neuromas,"  l < >  1 7 
Amyloid  degeneration,  53,  827 
material  analysis  of,  56 

of  liver,  800 
of  1\  inphat  ics,  032 
or  waxy  degeneration  of  panei 
827 
Amyotrophic  lateral  sclerosis,  1004 
Anaemia,  120,  013 

blood  in,  572,  573 

changes  in  bone-marrow  in,  02 1 

from  arterial  obstruction,  143 

from  loss  of  blood,  013 

in  ankylostomiasis,  421 

infantum  of  v.  Jaksch,  059 

in  malaria,  383 

miners'  and   brickmakcrs',  parasite 

causing,  418 
oedema  in,  125 
of  brain,  907 
pernicious,  74,  018 

changes  in  blood  in,  020 
changes  in  heart  in,  022 
changes  in  kidney  in,  022 
changes  in  liver  in,  022 
changes  in  lungs,   central  ner- 
vous   system    and     mucous 
membranes,  022,  023 
changes  in  spleen  in,  022 
fatty  degeneration  in,  39 
secondary,  013,  Gl 9 

causes  of,  methods  of  action  of, 

015 
changes  in  blood  in,  GIG 
changes  in  tissues  in,  616 
in  tumours,  623 
splenic,  658 
Anaemias,    primary,    essential    or    idio- 
pathic, 017 
Anaesthetic  Leprosy,  leading  to  necrosis 

100 
Anaphase  of  mitosis,  12,  14 
Anaphylaxis,  481 
acquired,  482 
passive,  481 
Anaplasia,  274 

of  cells  in  tumours,  200 

Anasarca,  123 
Anastomotic  aneurism,  5G0 
Anencephalia,  905 
Aneurismal  varix, 
Aneurisms,  538,  542,  550 

etiology 

anastomotic,  500 

circoid,  500 

conditions     associated     with,     and 
terminations  of, 

definition  of, 

dissert  ing,  558 

embolic,  679 

"  false," 

fusiform. 

miliary,  557, 

of  the  heart,  511, 

saccular,  657 
varia  ise,  560 
varied  tee  and  b\  rucl  u 

Angina,  740 


An?ina,  Ludovici,  7 1  ; 

Vincent 's,  74 1 
Angiolithic  sarcoma,  3! 
Angioma,  31  B 

arterial,  320 

cavernous,  319,  320 

circoid,  320 

of  liver,  812 

plexiform,  '•>  1 9 

racemose,  320 
Angio-neurotic  oedema,  128 
Angio-sarcoma,  33 
Aniline  dyes,  21 
Anisocytosis,  57^ 

in  malaria,  383 

in  secondary  anaemia,  616 
Ankyloglossia,  735 
Ankylostoma  americanum,  423 

duodenale,  418 

development  of,  421 
Ankylostomiasis,  420 

parasite  causing,  418 

symptoms,  420 
Anopheles  and  malaria,  383 
Ante-mortem  thrombi,  characters  of,  141 

thrombosis  in  veins,  142 
Anthracosis,  85,  633,  699 
Anthrax,  243,  600 

immunity  against,  453 
Antibacterial  bodies,  456 

serum,  405 

method  of,  action  of,  466 
preparation  of,  400 
standardisation  of,  466 
therapeutic  use  of,  475 
Antibodies  in  immunity,  452 
Antigens,  452,  409 
Antilysins,  409 
Antitoxic  bodies,  456 

serum.     See  Antitoxin 
Antitoxin  and  toxin,  nature  of  antagon- 
ism between,  458 
action  and  uses  of,  404 

diphtherial  404 

rapid  action  of,  4G5 
.-.rum,  estimation  of  toxicity,  457 
preparation  of,  4 
standardisation  of,  458 
source  of,  461 
tetanus,  464 
Antitoxins,      chemical      and      physical 
properties  of, 
production  of,  456 
Anus,  imperforate,  759 
Aorta,  abnormalities  of,  500 

aneurism  of, 

atheron  5  18,  551 

stenosis  of,  499 
Aortic  incompetence,  517 

,  517 
Aortitis,  acute,  ->  philitic,  238 
Aphaniptera,  4  I B 

Apituitarism,  858 
Aplasia,  1 1<> 

Apoplexies,  pulmonary.    117,    158 

Appendicitis,  3 

Arachnoidea,  439 

Aran-Duchenne     type    of    poliomyelitis 

anterior  chronica,   J  002 
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Areola  of  breast,  tumours  of,  937 

Argas,  persicus,  442 

Argasidae,  442 

Argyria,  pigmentation  in,  NO 

Arm,  bones  of,  deformities  due  to  rickets, 

1026 
Arsenic  poisoning,  neuritis  in,  1016 

pigmentation  in,  80 
Arterial  obstruction,  143 

causes  of,  143,  144 
effects  of,  148 
in  brain,  157 

nutritional    changes    following, 
157 
Arteries,  acute  inflammation  of,  540 

atrophy  of,  538 

calcareous  degeneration  of,  539 

classification         of         pathological 
changes,  553 

diseases  of,  538 

elasticity  of  walls  diminished,  119 

embolism  of,  526,  540,  967 

fatty  degeneration  of,  539 

hyaline,  amyloid,  or  waxy  degenera- 
tions of,  540 

hypertrophy  of,  538 

lesions  of,  rheumatic  fever  and,  555 

obstruction  of,  143 
effects,  148 

of  kidney,  lesions  affecting,  877 

spasmodic  contraction  of,  96 

spread  of  tumours  by,  258 

syphilitic  disease  of,  551 

thrombi  in,  143 

tuberculous  disease  of,  553 
Arterio-sclerosis,  540,  969 

effect  on  heart,  530 
Arteritis,  540,  959 
Artery,  compression  of,  from  without,  144 

wall  of,  changes  in,  143 
infiltration  of,  144 
Arthritis  deformans,  1051 

gonorrhceal,  1050 

gouty,  1051 

infective,  1054 

purulent,  1050 

rheumatic,  508,  1050 

rheumatic  and  rheumatoid,  chronic 
1051 
nle,  1054 

simple  or  non-suppurative,  1049 
Arthropathy,  neuropathic,  1054 
Arthropoda  (parasitic),  346 
Ascaridse,  4  I  :> 
Ascaris  Lumbricoidee,  415 

trichiura,  423 
Ascites,  123,  784 

chylous,  <>:*<>,  784 
Aspergillar  my<x      .  B9 
Aspergilleee,  discolorationa  due  (• 
Aspergillosis,  2  i I 
Aspergillus  fumigatus,  2  \  I 
Aspiration-pneumonia,  695 
Asthma,  073 
Asylum  dysentery,  773 
Asymmetrical  nut ms is.  hi 
Ataxia,  locomotor,  1007 

spinal,  hereditary,  l<><>'> 
Atelectasis,  congenital,  672,  630 


Atheroma,  541 

aetiology  of,  .7 1 7 

diffuse  or  sclerous,  54". 

effects  of,  54<>,  969 

Dodular,  541 

pathogenesis  of,  549 

sites  of  occurrence,  52.'{,  .740 
Athero-sclerosis,  64  1 
Athyrea,  congonital,  842 

degenerative,  843 

operative,  843 
Atresia  of  pylorus,  747 
Atrophy,  28,  110 

acute  yellow,  so-called,  1 10 

age  and,  112 

and  degenerations  of  stomach,  755 

brown,  of  heart,  74,  7-7 

changes  in  organs  in,  117 

continuous  pressure  causing,  161 

cyanotic,  of  liver,  136 

degradation  of  cell-type  in,  117 

fibrous,  or  fibrosis,  117 

from  defective  nutriment  and  im- 
pared  nutritional  capacity,  113, 
114 

from  diminutionorarrestof  function, 
114 

from  disease  or  injury  of  nerves  or 
central  nervous  system,  116 

from  excessive  use,  115 

from  loss  of  nerve  control,  112 

general,  110,  111 

influence  of  disease  upon,  112 

influence  of  special  glandular  organs 
on, 112  . 

in  peripheral  neuritis,  116 

in  physiological  involution,  113 

in  waxy  degeneration,  117 

local,  110,  113 

of  arteries,  538 

of  bone,  1028 

of  brain,  966 

of  heart,  supervening  upon  hyrer- 
trophy,  116 

of  intestines,  704 

of  liver,  796 

of  lung  in  emphysema,  115,  117 

of  lymphatic  glands,  632 

of  mammary  gland,  934 

of  muscles,  1061 

peroneal  type,  1003 
progressive,  1002 

of  myocardium,  519 

of  pancreas,  828 

of  parenchymatous  cells  in  chronic 
venous  congestion,  117 

of  tongue,  735 

sonile,  111 

sox  and,  112 

starvation  causing,  1 1 1 
Attraction-fibres  in  cell-division,  14 
Attraction-sphere  and  eentn 

in  oell-divisi »n,  1 2 
Auricular  flutter  ami  fibrillation, 
Auriculo-nodal  function,  cardiac,  .7.*}0 
Auriculo-ventricular  connection,  cardiac, 

;>:;  t 
Autacoids,  s.{2 
Autochthonous  tumours,  273 
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Auto-digestion  of  tissues  after  death,  88 
Autolysis,  39 

of  dead  tissues,  88 
Autolytic  ferments,  88 

Babesia  or  piroplasma  infections,  ticks 
carriers  of  infection,  442 

type  of  parasites,  375 
Babesiidee,  375 
Bacillary  dysentery,  772 
Bacilluria,  921 
B.  anthracis,  243 
B.  leprae,  233 
B.  mallei,  240 
B.  tuberculosis,  225 

effects  produced  )>y,  228 
B.  typhosus,  470 

Bacteria    and     their     products     causing 
necrosis,  98 

and    toxins    causing    inflammation, 
102 

pathogenic  ingestion  of,  192 

pigments  produced  by,  70 
Bacteriology  of  primary  gangrene,  10G 
Bacteriolysins,  468 
Bacteriolysis,  400 
Bacteruria,  921 
Balanitis,  931 
Ball-thrombi,  141 
Banti's  disease,  059 
Barlow's  disease,  027,  1027 
Basophil  cell-granules,  9 

elements  in  cells  and  tissues,  21 

leucoblastic  reaction,  594 
Basophilia,  diffuse,  574 

punctate,  574 

in  malaria,  383 
in  pernicious  anaemia,  020 
Bed-bug,  common,  447 
Bed-sores,  cause  of,  96,  97 
Beef-tapeworm,  403 
Benzene,  derivatives  of,  21 
Beri-beri,  neuritis  in,  1010 
Bile-ducts,  diseases  of,  817 

inflammation  of,  820 

obstruction  of,  823 
Bile-pigment,  79,  - 
Bilharzia  hsBmatobia,  391 

japonica,  397 

mansoni.  395 
Bilharziasis,  391 

intestinal,  783 

parasite  causing,  3!>.~> 

toxemic  stag) 

localised  lesions  of,  39  I 
Biliary  a! 

calculi,  82  I 

cirrhosis,  S|,T 
Biological  units,  I 
Birth-marks,  272 
Black-water  fever,  81 
Bladder,  congenital  abnormalities  of,  919 

dilatation  of, 

diseases  of,  919 

distension  of,  acute,  920 

haemorrhage  into  or  from, 

intlammat  ion  of,  92  1 

injuries  to.  91 

malakoplakia  of,  92  t 


Bladder,  neoplasms  of,  922 
parasife 

rupture  of,  920 
schistosomiasis  oi . 
Bladder- worm,  stages   in   development, 

400, 404 
Blastoma,  280 
Blastomycetes, 
Blastomycosis,  2  13 
Blood,  alkalinity  of,  570 

changes  in,  in  leuka-mia,  80 

in  lymphatic  Leukaemia,  Old 
in  malignant  disease,  I 
in  pernicious  anaemia, 
in  sarcoma,  025 
in  secondary  anaemias,  616 
chemistry  of,  507 
circulating,  total  volume  of, 
circulatory  derangements  in  regard 

to,  120 
coagulability  of,  570 
conditions  in  chlorosis,  018 
corpuscles,  red,  572 
corpuscles,    red,    in     inflammatory 
process,  escape  of,  169 
See  also  Erythrocytes 
destruction  of,  597 
effused  or  extra vasated,  changes  in, 

82 
fatty  substances  in,  509 
freezing  point  of,  570 
glucose  in,  508 
glycogen  in,  508 
hydnemic  condition  of,  125 
"incompatible,"      for     transfusion, 

571 
inorganic  salts  in,  509 
nitrogen-containing    substances    in, 

5G8 
osmotic  pressure  of,  570 
plasma  conditions.  667 
serum  of,  specific  gravity  of,  509 
am,  acceleration    of,  in    inflam- 
mation, 163 
sugar  in.  V." 
BUpply,  arrest  of,  necrosis  following, 

94 
types  of,  for  transfusion,  571 
variations  in  formed  constituents  of, 
570 

disturbances  of  circulation 
and,  1  19,  120 
healing  in,  2 1 '.» 
of  tumours,  261,  262 
spread  of  tumours  bj  . 
waxy  degeneration  of, 
white  corpuscles  or  leucot 
See  also  Leucocytes 
Blood  and  Blood-forniing  Organs,  diseases 

diminished  activity  of,  in  secondary 
anaemia,  »>1.~> 

lal  pathology  of,  004 
Blood-cells,    incn  Btruction 

in  secondary  amemia,  6  I  6 

origin  and  formation  ol . 

Blood-fluke,  396 

Blood-plasma.  ">»>8 

rum  of,  protein  content  of,  5G8 
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Blood-platelets,  formation    of,   thrombi 
by,  139 

in  pale  t  hrombus,  138 

Btainiiig  react  ions  •  >f,  I  38 
Blood-plates,  or  platelets,  579 
Blood-serum,  468 
Blood-stains,  571 

Blood-sugar  eon  tut  in  diabetes,  831 
Blood-vessels,    degenerative,   inflamma- 
tory and  proliferative  changes, 

diseases  of,  537,  .V.I 

healing  in,  -  19 

of  tumours,  261 

spread  of  t  umoura  by,  258 

uaw  degeneral ion  of,  63 
Body-louse,  446 
Bone  and  Bones 

abscess  of,  localised,  1033 

absorption  of,  598 

actinomycosis  in,  1044 

atrophy  of,  1028 

callus,  1036,  1039 

caries  of,  1034 

changes  in,  in  osteomalacia,  1030 

circulatory  disturbances  in,  1031 

cold  abscess  in,  1042 

deformities  of,  due  to  rickets,  1024 

diseases  of,  1018 

<ts  of  leprosy  on,  1044 

effects  of  rickets  in,  1021 

formation  of,  1C18 

fractures  of,  repair  of,  1039 

haemorrhage  in,  1031 

healing  of,  224 

hydatids  of,  Jots 

hyperplasia  of,  1030 

hyperplastic  overgrowth  of,  1037 

hypertrophy  of,  1036 

inflammation  of,  1032 

involucrum,  1035 

malformations  of,  1020 

mycetoma  of,  1044 

necrosis  of,  105,  1034.  1036,  1041 

osseous   union     between     abnormal, 
1020 

Paget's  disease  of,  1038 

phosphorus-necrosis  of,  1036 

reparative  overgrowth  of,  1U37 

sequesl  rum,  1035 

syphilis  of,  let:: 

tuberculosis  of,  1041 

tumours  of,    1045 
malignant,  1048 

venous  congestion   and   thrombosis 
in,  1031 
Bone-corpuscles,  1018 
Bone-marrow,  blood-fanning  cells  in. 

changes  in,  in  Bodffkin'sdisi  ise,  644 
in  lymphat  ic  leukaemia,  610 
in  myelogenous  leukaemia,  807 
in  pernicious  anaemia,  62 1 

erythroblastic   or   red-cell   forming, 

fibroid  <>r  scli-rot  if,  583 
funct  ion-,  of, 
gelat  inous,  • 

haemoglobin-holding  cells  in,  D 
in  malaria,  3 
leucobla 


Bone-marrow,  leucocyte  cells  in, 
primitive,  or  embryonic, 

read  ions  of,  in  i 

red,  lymphoid  or  formative 

varieties  of, 

varieties  of  cell  found  in,  5 

yellow  <>r  fat 
Bordet-Gengou  reaction,  i 
Bothriocephalus  latus,  1  I i.' 
Bowman's  capsule,  lesions  of,  B76 
Brain,  al  354,  981 

anaemia  of,  9< 

arterial  obstruction  in,  157,  967 

atrophy  of,  966 

cancer  of.  !)88 

cerebral  absc  mss,  :>•">  I  981 . 

cerebral  haemorrhage,  970 
chronic  venous  congestion  in,  9 
circulatory  disturbances  of, 
congenital  abnormalities  of,  •' 
diseases  of,  949,  0 
dropsy  of,  9G7 
embolism  in,  968 
haemorrhageinto,  and  on  membranes, 

951,  972 
hypertrophy  of,  966 
inflammation  of,  97»i 

suppurative,  981 
injuries  to,  96G 
malformations  of,  965 
membranes  of,  degenerative  changes, 
949 

diseases  of,  949 

inflammation  of,  952 

oedema  of,  960 

syphilitic  disease  of,  959 
oedema  or  dropsy  of,  967 
parasites  in,  988 
sand, 861 
softening  of,  1  ">7 
syphilis  of,  986 
thrombosis  in,  968 
tuberculosis  of,  985 
tumours  of,  987 

Brain-sand  tumours.  :>:>!» 
Breast.    See  Mammary  gland 
Brickmakers'  anaemia,  parasite  causing, 

4IS 

Bright's  disease,  endocardit  is  associated 
with,  508 
livpert  rophy  of  heart  in, 

neurit  is  in,  1016 

Bromine-gas  poisoning,  675 
Bronchi,  dilatation  of,  672 
diseases  of,  667 

inllannnat  ion  of,  I 

aosis  of,  672 

tumours  of,  674 

Bronchial  catarrh, 
Bronchiectasis. 

morbid  anatomy  and  histol 
Bronchitis,  acute,  I 

chronic,  670 

fibrinous,  67 1 

membranous  or  plasl  ic,  67 1 
Broncho-pneumonia,  acute,  691 

sept  ic,  695 
Brown  it  rophy  of  heart .  5 1 9 

induration  of  Ull 
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Bugs,  447 

Bullinus  contortus,  intermediate  host  of 

schistosomiim  haematobium,  393 
Burns,  495 
Bursee,  adventitious,  1067 

diseases  of,  1066,  1067 

ganglion  of,  1067 
Bursitis,  acute  and  chronic,  1067 

Cachectic  leucocytosis,  600 
Cachexia,  oedema  of,  125 
Caisson-sickness,  air-embolism   causing, 

145 
Calcareous  degeneration  orinfiltration,  89 
of  spinal  cord,  993 
or  infiltration  of  arteries,  539 
Calcification,  89 
and  calculi,  90 
chemical  and  staining  reactions  in, 

91 
effects  in  the  tissues,  91 
following    upon    fatty    or    hyaline 

degeneration,  90 
mechanism  of,  91 
of  endocardium,  507 
of  muscles,  1058 
of  myomata,  90 
of  parasites,  90 
of  tendons,  1066 
of  thrombi,  90 
of  tuberculous  lesions,  90 
relation    of,   to    fatty  degeneration 
(soaps,  soap-albumins,  etc.),  92,  93 
Calcium  in  tumours,  283 
salts,  test  for,  91 
soaps,  93 
Calcium-carbonate  calculi,  925 
Calculi,  biliary,  821 
nasal,  663 
prostatic,  933 

relation  of  calcification  to,  90 
renal,  906 

aetiology  and  results,  907 
composition  of,  907 
salivary,  743 
tonsillar,  742 
urethral,  927 
urinary,  924 

composition  of,  924 
phosphate-calculi,  925 
urate-calculi,  925 
uric-acid,  924 
varieties  of,  925 
Callus,  formation  of,  1036,  1039 
Cancer,  282,  322 

aetiology  of,  263 

age  factor  in,  263 

age  incidence  of,  263 

blood-changes  in,  623 

bodies,  64 

chemical  irritants  causing,  266 

colloid,  334 

columnar-celled,  328 

"  en  cuirasse,"  947 

environment  factor  in,  265 

experimental  immunity  in  relation 

to,  341 
glandular,  327 

varieties  of,  328 


Cancer,  heredity  factor  in,  264 

immunity  against,  284 

leucocytosis  in,  624 

local  irritation  causing,  265 

occupation  factor,  265 

of  bone,  secondary,  1048 

of  brain,  988 

of  breast,  942,  947 

of  kidney,  918 

of    liver,    primary    and    secondary, 
814,  815 

of  pancreas,  830 

of  peritoneum,  787 

of  stomach,  757 

"  parasites,"  274 

parasitic  hypotheses  concerning,  275 

race  factor  in,  264 

sarcomatous  transformation  in,  339 

scirrhus,  or  hard,  331,  830 

sex  factor  in,  264 

soft,  332 

spheroidal-celled,  encephaloid,  332 
scirrhus,  331 

varieties  of,  323,  947 
Cancrum  oris,  106,  735 
Capillaries,  diseases  of,  538 

of  kidney,  lesions  affecting,  878 

effects  of  chronic  venous  congestion 
in,  133 
Capillary  thrombosis,  143 
Capsulitis,  875 

Carbohydrate-metabolism,  8316,  857 
Carbohydrates,  18 
Carcinoma,  282,  322 

mammary,  942 

sarcomatodes,  336 

squamous-celled,  323 

See  also  Cancer 
Cardiac  dropsy,  124 

kidney,  909 
Caries  of  bone,  1034 

of  spine,  994 

of  teeth,  738 
Carotid  glands,  861 
Carriers  of  dysentery,  355 
Cartilage,  healing  of,  224 

diseases  of,  1027,  1052 
Cartilaginous  tumours,  271,  291 
Caruncle,  urethral,  927 
Caseation,  characteristics  of,  103 

in  granulation-tissue,  'l\'l 

in  syphilis,  104 

in  tuberculosis,  103,  230 
Castellani  reaction,  473 
Castration  as  cause  of  obesity.   17 
Casts  in  renal  disease,  varieties  of,  883 
Catarrh  of  pharynx,  740 
Catarrhal  inflammation,  31,  204 

jaundice,  818 
Cavernous  angioma,  319,  320 
Cell  as  unit  of  structure  and  function,  1 

changes  in,  23 

chemistry  of,  17 

cloudy  swelling,  4,  24 

degenerative  and  allied  changes  in, 
23 

effect  of  fixation.  4,  24 

giant,  4,  7 

in  health  and  disease,  1 
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Cell,  morphology  of,  general,  1 

relative  position  of  nucleus  within,  5 
shape  of,  2 
structure  of,  3 
See  also  Cells 
Cell-body,  7 

Cell-degeneration,  appearances  of,  27 
Cell-division,  10 

anaphase,  12,  14 
by  mitosis,  12 

diagrammatic  representation  of,  1 3 
direct  and  indirect,  11 
metaphase,  12,  14 
modification  of  process  of,  15 
prophase,  12 
telophase,  12,  14 
Cell-elements,  various  staining  properties 

of,  20 
Cell-function,  specific  or  specialised,  22 
Cell-functions  and  activities,  21 
Cell-granules,  classification  of,  9 
"  Cell-nest "    appearance   in    carcinoma, 

323 
Cell-organs  in  cytoplasm,  7 
Cell-type,  degradation  of,  in  atrophy,  117 
Cell-types  increased  in  leucocytosis,  GOO 
Cell-wall  or  membrane,  9 
Cells,  blood-forming,  585 

colloid  degeneration  of,  50 
concerned  in  phagocytosis,  191 
derived   from   other   tissues   in    in- 
flammation, 186 
in  tumours,  259 
mucoid  degeneration  of,  49 
of  acute  inflammatory  exudates  and 

tissue-changes,  174 
phagocytic,     containing    blood -pig- 
ment, 74 
containing  carbon -pigment,  74 
red,  colour  changes  in,  573 
tumour,  260 
See  also  Cell 
Cellular  hypothesis  of  immunity,  475 
Centrosome,  6 

and  attraction -sphere,  7 
astral  system  of  the,  1,  7 
division  of,  12 
Cercariee,  388 

Cerebral    artery,    anterior,    haemorrhage 
from,  974 

middle,  haemorrhage  from,  973 
haemorrhage,  970,  971 

sites  of,  972 
sinuses,  thrombosis  of,  950 
Cerebro-spinal  fluid  in  membranes  and 
cavities  of  brain,  accumulations  of ,  960 
normal,  960 
meningitis,  epidemic,  953 
Cestoda,  386,  398 

cysticercus  or  "bladder-worm"  larva] 

stage,  400 
development  of,  399 
embryonal  development . 
Chalicosis,  700 
Chalones,  832 
Chancre,  236 

hard,  indurated  or  Hunterian,  2 
in  penis,  931 
Cheloid,  288 


Chemical  agents  causing  necrosi-. 

irrii  ismg  tumour.-.  - 

Chemiotaxis,  196 

positive,  600 
Chemistry  of  the  cell,  17 

of  tumours,  283 
Chest,   deformities   of  bones   of,    due   to 

rickets,  1026 
"Chigger,"  flea,  460 
Chilblains,  195 

Chimney-sweepers'  cancer,  265,  931 
Chloasma  uterinum,  pigmentary  changes 

iu,  76 

Chlorine-gas  poisoning,  675 

Chloroform    poisoning,    delayed,    fatty 

degeuerat  ion  in, 

Chloroma,  310 

lipochromes  in,  76 
Chlorosis,  617 

hypoplasia  of  aorta  causing,  500 

Egypt  ian,  parasite  causing,  418 
"  Choked  disc,"   990 
Cholangitis,  820 

suppurative,  803 
Cholecystitis,  820 
Cholera,  773 
Cholesteatomata,  271 

of  brain,  988 
Cholesterol  and  cholesterol-ester,  experi- 
ments on  arteries,  548 
Chondriosomes,  8 
Chondroma,  290 

multiple  of  bones,  272,  1045 
Chondro-sarcoma,  310 
Chordomas,  292 
Chorion-epithelioma,  282,  342 

of  testicle,  930 
Chorionic  carcinoma,  342 
Chromamne  or  chromaphil  cells,  849 
Chromatin,  6,  19 

Chromatin  loops  in  cell-division,  14 
Chromatin-bodies,  8 
Chromatolysis,  26 

in  necrosis,  100 
Chrome  ulceration,  266 
Chromidia,  8 

of  protozoa,  349 
Chromogens,  21 
Chromophores,  21 
Chromosomes  in  cell-division,  14 

in    mitosis,  reduction    of,   gameto 
.tie  cells,  L6 

pseudo-reduction  of,  16 
Chylocele,  630 

caused  by  filarial  infection, 
Chylous  ascites,  630 

caused  by  filarial  infection, 

diarrhoea   caused    by  filarial  infec- 
t  ion, 
Chyluria,  630 

caused  by  filarial  infection, 
Ciliata,  351 
Cimex  lectularius,  1 1  - 

rotundatus,  I  W 
Circoid  aneuri 

Circulation,     changes      dependent      on 
mechanical  obstruction,   ISO 
[lateral,  I  18 

149 
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Circulation,  disturbances  of,  1 19 
Circulatory  system,  changes  in,  in  fever, 

493 
diseases  of,  497 
Cirrhosis,  biliary,  807 

clue  to  fluke-worms,  809 
due  to  kala-azar,  809 
following  peri-hepatitis,  809 
malarial,  809 
of  liver,  803 

common,  polylobular  or  multi- 
lobular, 805 
of  pancreas,  83 
of  stomach,  758 
Cirrhotic  kidney,  895 
Clasmatocytes,  180,  217 
Classification  of  protozoa,  350 

of  tumours,  279 
Cleft-palate,  661,  732 
Climate,  effect  on  body  temperature,  492 
Clinocorus  lectularius,  447 
Clonorchis  sinensis,  390 
Clothes-  or  body-louse,  445 
Clothing  in  relation  to  temperature,  491 
Cloudy  swelling,  25,  30 
causes  of,  31 
course  and  results,  33 
effects     in      various     organs      and 

tissues,  32 
in  muscles,  1058 
naked-eye  appearances  of,  32 
of  endocardium,  507 
of  heart,  520 
of  kidney,  879 
of  liver,  799 
of  thyroid  gland,  835 
Club-foot,  forms  of,  1049 
Coagulability  of  blood,  570 
Coagulation-necrosis,  1 0 1 

of  muscles,  1059 
Coal-miner's  lung,  85,  699 
Coccidia,  370 

macrogametes  in,  372 
merozoites  in,  371 
microgametes  in,  372 
oocyst  in,  372 

schizogony  and  sporogony  of,  371 
schizont  in,  371 
sporoblasts  in,  372 
Bporoot  in,  371 
BDorozoitea  in,  372 
Cocciditis,  hepatic  372 
Coccygeal  glands,  861 

Coeliac  disease,  7»',7 

Cohnheim's    embryonal    hypothesis    of 

tumour-growth,  270 
Cold,  493 

injuries  due  to,  495 
Cold  abscess  of  bone,  1042 
Colitis,  7 tii. 
Collateral  circulation,  148 

factors  essentia]  for,  149 

in  infarction,  156 
Colliquative  necrosis,  102 
Colloid  cancer,  334 

degenerations,  47 
of  cells,  50 

hypothesis  of  antagonism   between 
toxin  and  antitoxin,  461 


Colloid  mat.  rial,  charact. 
Coma,  831c 
Complement,  467,  I 

absorpt ion,  469 

deviat  ion,  469 

fixation  tests,    170 

Complementoids,  480 
Concussion  of  spinal  cord,  9 
Condylomata,  236,  316 
Congenital  abnormalities, 

syphilis.  ! 
Congestion,  120 

active,  120 

hypostatic,  1 19,  136 

passive,  120 

See  also  Hypersemia 
Congo  floor-maggot,  444 
Connective  tissues,  mucoid  degeneration 

of,  51 
Conorhinus  megistus,  448 
Convulsions  in  children,  484 
Coolie-itch,  parasite  causing,  418,  422 
Coralline  calculus,  907 
Cornea,  inflammation  of,  197 
Corneal  corpuscles  in  inflammation,  186, 

197 
Coronary  arteries,  occlusion  and  stenosis 
of,  523 

septic  embolism  of,  526 
Corpora  amylacea,  51 
Corpuscles,  corneal,  197 
Corpus  luteum,  influence  of  secretion  of, 
upon  hypertrophy  of  uterine  mucous 
membrane,  250 
Coryza,  661 
Crab-louse,  445 

Cranial  nerves,  diseases  of,  988 
Cranioschisis,  965 
Craniotabes,  1027,  1044 
Cretinism,  842 
Crossed  embolism,  147 
Cryptorchismus,  928 
"  Curschmann's  spirals,"  673 
Curvature  of  spine,  1044 
Cyanosis,  119,  612 

enterogenous,  575 
Cyanotic  atrophy  of  liver,  136 

induration  of  liver,  135 
Cyclopia,  965 
Cylindroma,  336 
Cystic  disease  of  kidney,  865 

tumours.  2  7  1 

true,  344 
Cysticercus  bovis,  404 

cellulose,  403 

larval  stage,  400 
Cystitis,  921 

Cysts  arising  from  developmental  en 
344 

arising  from  serous  cavities,  344 

dentigerous,  738 
itention,  •">  18 

histology  of,  312 

hydatid.     <s"  Hydatid-cyst 

of  breast,  937. 

of  jaw,  739 

of  liver,  810 
>uth,  737 

of  pancreas,  830 
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Cysts  of  prostate  gland,  933 

of  salivary  gland,  744 

parasitic,  345 

retention,  .'{44 

spurious  or  false,  345 

varieties  of,  344 
Cytase,  407 

in  immunity,  470 
Cyto-lysins,  469 
Cytolytic  serum,  469 
Cytoplasm,  7 

degenerative  changee  in,  25 

functional  relations  to  nucleus,  22 

relation    of    nucleus     to,    in     cell- 
formation,  21 

zones  of,  7 
Cytoplasmic  degenerations,  25 
Cytoreticulum,  7 

Dactylitis,  syphilitic,  1044 
Danysz-Dungern  phenomenon,  401 
Deciduoma,  342 

malignum,  282 
Decubitus,  acute,  100 
Deformities  of  joints,  1049 
Degeneration,  and  infiltration,  28,  30 

fatty,  37,  827 
Degenerations  in  veins,  503 
Degenerative  and  allied  changes  in   the 

cell,  23 
Delhi  boil,  parasite  causing,  304 
Demodex  folliculorum,  441 
Dermacentor  andersoni,  442 

venustus,  442 
Dermatophilus,  penetrans,  450 
Desensitisation,  482 
Developmental  abnormalities,  849 

intermingling,  271 

Dextro-cardia,  500 
Dextro-  or  dexio-cardia,  500 
Diabetes  mellitus,  830 

blood,  sugar  content  in,  831 

coma  in,  39,  831c 

ductless  glands  and,  831c 

fatty  degeneration  in,  39 

gangrene  in,  109 

glycosuj  i;i  in,  831 

insulin  in,  825,  S3 16 

Upsemia  in,  831c 

neuritis  in,  1010 

pancreas  and,  83  la 

sugar  tolerance,  831 
Diaphysial  aclasis.  240,  266,  1040 
Dibothriocephalidee,  411 
Dibothriocephalus  oordatus,  413 

latus,  412 

parvus,  413 
Dibothrium  latum,  412 
Dicrocoelium  dendritioum,  390 

lanceal  am,  390 

lanoeolal  urn,  390 
Dientamoeba  fragilis,  360 
Digestion,  extra-cellular,  20 

post-mortem,  747 
Digestive  system,  changes  in,  in  fever, 
493 

diseases  i  >f,  <  32 
Dilatation  and  hypertrophy  of  stomach, 
755 


Dilatation  of  heart,  520,  530 
of  intesi  ines,  760 

of  Veins,  560 

Dioctophyme  gigos,  417 
Dioctophymidse,  4 1  7 
Diphtheria,  74  I 

antitoxin,  46  I 
Diptera,  448 
Dipylidiidse,  410 
Dipylidium  caninum,  4  lit 

cucumerinum,  4  1 0 
Direct  immunity,  453 
Dirofilaria  magalh&esi,  438 
Discophora,  438 
Dislocations  of  joints,  1049 
Displacement  of  tendons,  1066 
Dissecting  aneurisms,  558 
Distention  cysts,  345 
Distoma  conjunct  um.  390 

haematobium,  391 

hepaticum,  388 

pulmonale,  390 

ringeri,  390 

sinense,  390 

westermani,  390 
Distomum  buski,  389 

lanceolatum,  390 
Diverticula  of  intestines,  759 
Diverticulum,  Meckel's,  759 

of  pharynx,  739 
Dochmius  anchylostomum,  418 

duodenalis,  418 
Dourine,  trypanosomeequiperdumin,300 
Dracontiasis,  parasite  causing,  427 
Dracunculus  loa,  437 

medinensis,  427 

pathological  effects,  429 

oculi,  437 
Dragonneau,  427 
Dropsy,  123 

cardiac,  124 

causation  of,  factors  in,  127 

fluids  in,  composition  of,  128 

of  brain,  907 

renal,  125 
Drugs,  action  of,  250 
Duct-cancer,  328 

of  breast,  947 
Ductless  glands,  diseases  of,  832 

pancreas  and,  831a 

secretions  of,  24!) 
Duodenal  ulcer,  753,  768 
Duodenitis,  768 

Dura  mater,  inflammation  of,  963 
Dust,  inhalation  effects,  609 
Dyes  for  staining,  21 
Dysentery,  770 

amoebic,  35 1,  7  <u 

asylum,  773 

bacillary,  ~~- 

parasite  causing,  36  I 
Dyspituitarism, 
Dystopic  kidney,  8M 
Dystrophia  adiposo-genitalis, 
Dysuria,  prostatic,  932 

Ecchondroma,  291 
Echinococcifer  eohinocooous, 

EchinoCOCCUS  granulosus,   I1 
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Eclampsia,  changes  in  liver  in,  811 
Ectocyst  of  hydatids,  407 
Ectoparasites,  346 
Ectoplasm  orectoearc  in  protozoa,  349 

Ecto-  or  exo-plasm,  7 

Eddy  worms,  380 

Egyptian  chlorosis,  parasite  causing,  418 

hematuria,  391 
Ehrlich  phenomenon,  400 

side-chain  theory,  4 ♦  > l2 ,  478 
Elastic  tissue,  healing  of,  223 
Electricity,  necrosis  and,  97 

Elephantiasis,  (>3o 

arabum,  filarial  infection  causing, 463 

sites  of,  437 
Elephantoid  conditions  caused  by  filarial 

infection,  435 
Embolism,  144 

air,  145 

bland  or  non-septic,  148 
jsed,"  147 

effects  of,  14  ^ 

fat  or  oil,  145 

in  brain,  968 

in  kidney,  912 

in  necrosis,  96 

multiples  144 

of  animal  and   vegetable   parasites, 
14(i 

of  coronary  arteries,  526 

of  hepatic  artery,  796 

of  portal  vein,  795 

of  tissue  fragments,  14t'» 

of  tumour  fragments,  140 

of  vegetations,  144 

"  paradoxical."   147 

retrograde,  147 
tic,  144,  140 

Bites  of,  147 
Embryogenetic    relationship    of    body- 

mis,  281 
Embryonal  hypothesis,  270 
Embryophore  of  oestodec 
Emphysema,  atrophous,  683 

hypertrophous    or    "large-lunged," 

interstitial,  I 

vesicular, 
Empyema,  726 

putrid,  72  - 
Encephalitis  976 

chronic,  982 

epidemic,  952,  955,  976 

lethargica,  976 

Buppurai  ive,  981 
Encephalocele, 
End-arteries,  95,  148,  L49 

obsl  ruction  of,  1 50 
Endarteritis  deformans,  54  I 

proliferans  or  oblitera 

Byphilitic,  529 
Endocarditis,  507 

acute,  simple  (non-ulcerative),  508 
morbid  anatomy  of,  ~»"s. 

ohronio,  5 1  ."> 

ulcerative,  malignant  or  septic,  ~>l<> 
morbid  anatomy  of,  510 
sequohe    of    inflammatory    pTO- 


Endocardium,  degeneration  of,  507 

hemorrhages  in,  507 

inflammation  of,  507 

tuberculosis  of,  513 
Endocrine  organs,  -i  ,  832 

Endocyst  of  hydatids,  407 
Endolimax  nana.  3 
Endonucleolus,  6 
Endoparasites,  346 
Endoplasm,  7 

or  endosarc  in  protozoa,  3 
Endothelial  cells  in  inflammation,  l  79 

tumours,  318 
Endothelioid  cells  in  tuberculosis,  229 
Endothelioma,  322 

malignant,  309,  336 
Endothelio-toxin     or     endothelio-lysin, 

cause  of  haemorrhage,  82 
Endotoxins  in  production  of  immunity, 

454 
Enostoses,  293,  1045 
Entamoeba  buccalis,  359 

coli,  352 

division  of  diagrammatic  r 
sentation  of  methods  of,  353 

gingivalis  in  dental  caries,  359 

histolytica,  354 

ectoplasm  and  endoplasm  of .  350 
eneystment  of,  357 
in  amoebic  dysentery,  7 To 
pre-cystic  amoebae  of, 
pseudopodia  of,  356 
reproduction  of,  357 

hominis,  352 

nana, 359 

tetragena,  35  1 
Enteric  jaundice,  818 
Enteritis,  catarrhal,  acute,  71 

croupous  or  fibrinous, 

membranous, 

suppurative  or  phlegmonous,  768 
Enterocystoma,  759 
Entozoa,  347 

Environment  and  tumours,  265 
Enzymes,  20 

in  tumours,  28  \ 
Eosinophil  cell-granuli 

cells  in  inflammation,  176,  ls-'>.  196 
Eosinophilia,  408,  601 

in  ankylostomiasis,  421 
Eosinophils,  coarsely  granular,  577 
Ephysial  aclasis.  293 
Epidemic  encephalitis,  97.6 
Epinephrine,  S48 
Epi-phylactic  menf  or  n 

174 
Epiphysis  cerebri,  s,;  I 
Epiphysitis,  syphilitic,  104  i 
Epispadias, 
Epistaxis,  661 
Epithelial  cells,  repair  of, 

i  issues,  healing  of,  224 
Epithelio-lysins 
Epithelioma,  basal-celled,  324 

columnar-celled, 

Bquam  W 

Epitheliomata«'f  th<- skii 
Epitheliomatous  ulceration,  - 
Epitoxoid. 
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Epizoa,  346 
Epulis,  739 
Erythremia,  612 

Erythroblastic     cell-forming     bone-mar- 
row, 594 
Erythrocytes,    or    red    blood -corpm 
572 

changes  in,  in  lymphatic  leukemia, 
610 

colour  changes  in,  573,  57.") 

formations  of    rouleaux,  572 

fragmentations  of,  573 

granular  degeneration  of,  57  1 

variations  in  size,  572 
Euglobulin,  568 
Eustringylidee,  417 
Eustrongylus  gigas,  417 
Exercise,  effect  on  heart,  530 

rise  of  temporal  ure  in,  490 
Exophthalmic  goitre,  837 

associated  changes  in  other  organs 
and  tissues,  840 

changes  in  thyroid  gland  in,  838 
Exostoses,  292,  1045 

multiple.  249 

parosteal,  291} 
Exudates,     inflammatory.      Sec     uncL  r 
Inflammatory 

False  aneurism,  559 

Farcy,  240 

Fasciola  hepatica,  388 

life -cycle  of,  ! 

morphology  of,  3 

ova  of,  389 

varieties  of, 
humana,  388 
lanoeolata,  390 
Fasciolidee,  388 
Fasciolopsis  buski,  389 
Fat,  formation  of,  in  the  body,  34 

Fat-embolism,  145 

of  lung,  146 
Fat-necrosis,  99 
Fats,  metabolism  of,  598 

in  relation  to  fatty  degeneration,  34 

neutral,  17,  18 

solubility  of,   13 

Fatty  change,  commoner  variety 
eneral ion,  37 
and  allied  eondii ions,  '.]'.] 
as  a  physiological  pr 

associated  with  cloudy  swelling, 

associated    with    waw    de 

ohemical  and  Btaining  reactions 

in.  43 

oourse  and  neeultfl  in,  IB 

defective  autritioi 

in  acute  and  ohronic  infective 

iV\  •  re,  "''s 
in  dead  I 
in  delayed  chloroform  poison- 

in-. 

in  diabetes    mellitin  and 

i>, 
in   diminished   functional 

vny,  38 


Fatty  degeneration  in  pernicious  answnia, 

inorganic  p< »i  ise  of,  38 

macrosoopica]  appearand 

microscopical  apj  .  L0 

of  arteries,  539 

of  endocardium,  507 

of  heart  'muscle,  52 1 

Of  kidney,  8' 

in  liver, 

of  muscles,  I 

of  panel-    i  S,    ^_'7 

itomach,  756 

of  suprarenal-.  85  I 

ganic  poisons,  cause  of,  38 
physical  upon    oi 

and  t  isfl 

relaf  i<ai  to  calcifical ioi 
source  <>f  t  h- 
infiltration,  36 

causes  of,  46 

of  heart,  it.  522 
of  liver,  12 
substances,  solubility  of,  13 
t  issue,  liealii .. 
Febrile  jaundice,  819 
Feminism,  causes  of,  800 
Fever,  483 

changes  in  circulatory  system  in,  493 
in     digestive    and     glandular 

items  in,  493,  B19 
in  nervous  system  in,  494 
in  respiratory  Bystem  in,  I 

in  urinary  system  in.  19  I 
eont  inuous,  485 
crisis  in,  I 85 
hot  stage,  18 1 

in  jaundice.  81  9 

intermittent,  recurrent  and  relaps- 
ing, 4  N"» 
leucocytoeis  in,  485 

lysis  in,  485 
remittent.  485 
rigors  in,  184 

■  nnen    temperature    chart.-, 
487 
sweatin  L84 

,484 
Fevers,  infective,  fatty  degeneration  in, 

38 
Fibrin  in  blood-plasma, 
Fibrin-ferment,  action  of,  in  thrombus- 
formation,  i 
Fibrinogen,  action  of,  causing  throml 

formation.    I 

Fibro-adenomata  of  breast,  '.'tl 
Fibroblasts,  L89,  197 

in  wound-healing,  209,  2  1  i.  217 
Fibro-epithelial  tumours,  311 
Fibroid  heart.  527 
Fibroma.  286 

cells  in.  . 

and       metapl 
changes  in,  2 
of  bone,  1045 
Fibromatosis  oi  into 

itomach, 
Fibro-sarcoma, 
cells  in.  . 
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Fibrosis,  117 

Filaria  bancrofti,.  321,  430 

demarquayi,  438 

dracunculus,  427 

loa,  437 

magalhaesi,  438 

medinensis,  427 

oculi,  437 

perstans,  438 

sanguinis  honiinis,  429 

metamorpliosis     of     larvae     in 

mosquito,  434 
periodicity     and     location     of 

larva?,  433 
nocturna,  430 

subconjunctivalis,  437 
Filarise,  list  of,  430 
Filarial  infection,  pathological  effects  of, 

435 
Filariasis,  parasite  causing,  429 
Filariidse,  429 
Fixative  in  immunity,  4G7 
Flagellata,  350,  3(30 
Flagellulee,  349 
Flat-foot,  1049 
Flat-worms,  386 
Fleas,  448 

as  carriers  of  disease,  449 
Floating  kidney,  804 
Flukes,  380 

Fluke-worms,  cirrhosis  due  to,  809 
Focal  necrosis,  98 

Food,  effect  of,  on  temperature,  488 
Foot,  perforating  ulcer  of,  100 
Foramen  ovale,  patent,  499,  518 
Foreign  bodies  in  larynx,  003 

in  nose,  663 

pneumonokoniosis  due  to,  85 
Fractures,  repair  of,  1039 
Fragmentation  of  nucleus,  26 
Frambcesia,  240 

>pirochseta  pertenuis  of,  365 
"  Freckles,"  72 
French  spirochetosis,  366 
Friedrich's  disease,  1009 
Fuchsin  bodies,  275 

Russell's,  04 
Function,  arrest  of,  followed  by  atrophy, 

114 
Fusiform  aneurism,  557 
Fusi-spirocheetal  infections,  307 

pyorrhoea,  307 

Galactoceles,  939 
Gall-bladder,  diseases  of,  817 

inflammat  ion  of,  820 
Gall-stones,  821 

Gambia  fever,  parasite  causing,  361 
Gametes, 

in  malaria,  379 

Gametocytes,  360 
in  malaria,  379 

Gametogenetic  mitosis,  15 

t  issue,  274 
Ganglion-neuromata,  301,  1017 
Ganglion  of  lairs;.-,  lor,; 
Gangrene,  94 

causes  of,  108 

changes  in  surrounding  part,  100 


Gangrene,  definition  of,  105 

dry,  105 
!,  107 

hospital,  106 

in  acute  infective  fei  ers,  108 

in  brain,  108 

in  diabetes  mellitus,  109 

in  typhoid  fever,  Ins 

line  of  demarcation  in,  109 

moist,  105 

of  lung,  696 

of  lung  in  pneumonia,  108 

primary,  100 

results  of,  109 

secondary,  107 

senile,  100 
Gangrenous  vulvitis,  106 
Gas-formation  in  liver,  796 

in  gas  gangrene,  108 
Gas  gangrene,  107 

changes  in,  108 
necrosis  of  muscles  in,  107 
Gas-poisoning,  075 

Gas  production  in  organs  or  tissues  after 
death,  88 

by  bacillus  aerogenes  capsulatus,  88 

by  bacillus  of  malignant  cedema,  88 
Gastric  or  peptic  ulcers,  751 

tetany,  751 
Gastritis,  acute,  750 

phlegmonous  or  diffuse  suppurative, 
750 
Gastrodiscus  hominis,  388 
Gastroptosis,  748 
Gastrotaxis,  749 
Gaucher's  splenomegaly,  000 
General  paralysis  of  insane,  983 
Generative  system,  diseases  of,  928 
Genito-urinary  system,  diseases  of,  862 

tuberculosis,  914 
Genu  valgum,   lni'4 

varum,  1024,  1020 
Germ-cells,  273 
Giant-cells,  4,  7 

in  granulation  tissue,  219 

in  inflammation,  formations,  of  182 

in  tuberculosis,  230 
Giardia  inteetinalis,  369 
Gigantism,  250,  857,  800 
Gigantoblasts,  572 
Gigantocytes,  572 
Gin-drinker's  liver,  803,  805 
Glanders,  240,  666 

effects  on  Lung,  <n t 

involving  muscles,  10< 
Glands,  cartilaginous  tumours  of,  271 

duel  I.  as,  249 

t  uberouloeis  i  >f,  I 
Glandular  oarcinon 

tots,  action  of,  249 
i  in.  changes  in,  in  ' 
Glioma,  : 

of  brain, 
Gliomatosis,  991 
Glio-sarcoma,  300,  310 
Globin,  7  7 
Glomerulus,  8 
Glossitis,  3 
Glucose  in  blood,  50S,  831k 
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Glycogen  in  blood,  568,  8316 

in  tumours,  284 
GlycogenOUS  infiltration,  53 
Glycosuria,  and  diabetes  mellitus,829,  B31 
Gmelin's  reaction,  81 
Goitre,  835 

exophthalmic,  837 
Golgi  apparal 

Gonorrhoeal  arthritis,  1050 
Gout,  aetiology  of,  <>9 

chronic,  67 

formation  of  tophi  in,  68 
Gouty  arthritis,  106] 

degeneration  and  infiltration.  I 

deposits  in  tendons.  1066 

or  uratic  deposits  in  endocardium, 
507 
Granular  contraction  of  kidney,  895 
Granularity,  increased,  4 

Granulation  tissue,  caseation  in,  212 
cells  in  characters  of,  217 
fibroblasts  in,  217 
giant-cells  in,  212 

Granules  in  cytoplasm,  9 

Granulomata,  225 

Graves'  disease,  837 

Grinders'  lung,  702 

Ground-itch,  parasite  causing,  418,  422 

Group-reaction,  agglutination  in,  472 

Griinbaum-Durham  reaction,  473 

Guinea- worm,  427 

Gummata,  237,  703 
of  dura,  959 

Gummatous  periostitis,  1043 

Gums,  ulceration  of,  spirochaeta  causing, 
367 

Haemamoeba  type  of  parasites,  372,  375 
Haemangiomas,  2*52,  319 
Haematemesis,  post -operative,  745 
Haematin,  77 
Hematocele,  or  hematoma  of  spermatic 

cord,  930 
Hsematogenouseellsin  inflammation,  180 

pigmentation,  76 
Haematoidin,  77,  78 

crystals,  7 1 
Haematoma,  538,  569 
Haematoporphyrinuria,  82 
Heematuria,  Egyptian,  391 

endemic,  391 

Haemochromatosis,  82 

Haemoglobanaemia  in.  malaria,  383 

Haemoglobin,  77.  62] 

Haemoglobin-holding     <•»  lh      in      bone- 
marrow,  ~>s,'» 

Haemoglobinuria,  81,  384,  142 

Hsemogregarina  i  \  i"  "t  |  172 

Haemogregarinidae. 

Haeniolymph  glands,  enlargement  of,  647 

Haemolysis,  I 

Haemonas  parasite, 

Heemopericardium.  of,  501,  502 

Haemophilia,  570,  626 

Haemophilic  joint-d  i(,">7 

Haemoproteus  t>  i I  parasib  b, 

Haemoptysis,  parasitic  or  endemic,  < 
of,  390 

Haemorrhage,  82 


Haemorrhage,  absorption  of,  83 
in  venous  congestion, 
in  venous  engorgement,  L22 

into  or  from  tumours,  257 

toxic  82 

Haemorrhages,  625 
cerebral,  970,  « *  T I 
from  anterior  cerebral  artery,  974 
from  gas!  ric  ulcers,  ~~> \ 
in  hemorrhoids,  765 
from  middle  cerebral  artery,  !»73 
from  nose,  66  1 
from  phthisical  Lungs,  720 

in  bone,   1031 

in  int.  st ines,  765 

in  peritoneum.   7^  1 
in  stomach,  7  I  B 

into  and  from  the  bladder, 
the  kidney,  912 

into  and  in  membranes  of  brain,  95 1 
into  muscles,  1067 

into  pancreas.  - 

into  pons,  !*7»» 

into  spinal  cord,  995 

into  tendon-sheal  hs,  1066 
meningeal,  951,  '.'To 
Bub-arachnoid,  970 

snb-dural,  970 

ventricular,  973 
Haemorrhagic  diathesis,  570,  626 

diseases,  570,  625 
Haemorrhoids,  haemorrhage  from.  765 

nipt  nre  of,  562 

Hemosiderin,  77,  78,  622 

Haemosporidia,  372 

Hemothorax,  675,  722 

Haemozoin-pigment  in  malaria.  383 

Haldane's  experiments  regarding  "heat- 
collapse,"  489 

Halsted's  adeno-carcinoma  of  breast,  947 

Halteridium,  372 

Halzoun    in    North    Lebanon,    parasite 
causing,  389 

Hamartoma,  or  "failure-tumour,"  321 

Hanot's  hypertrophic  cirrhosis,  B05,  S,|T 

Hansemann's  hypothesis  of  "  anaplasia  " 
in  t  umour  cells.  27  \ 

Hare-lip,  661,732 

Hay    fever,    an    acquired    anaphylaxis, 
4X2 

Head-louse,  445 

Healing  of  a  wound,  206 
of  an  ulcer,  21 1 

Of  b<,ne.  22  t 

of  cartilage,  22  I 

of  elast  ie  t  issue,  2 

of  spit  Delia!  t  issues,  22  i 

of  muscle  of  heart 
of  muscular  t  issue,  22 
in  special  t in 
of  un.-t  riped  muscle,  ! 
of  vessels,  219 
<-t"  voluntary  muscle,  i 
Heart,  abnormalil  ies  in  du 

adiposity  or  fatty  infiltration  oi 

■  lopment 
aneui 
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Heart,  aortic  valve  of,  disease  of,  517 
auricular  septum,  defects  of,  498 


brown  atrophy  of,  74, 


il9 


changes  in,  in  pernicious  anaemia, 
622 

conditions  causing  disorder  of  circu- 
lation, 119 

congenital  defects  in,  497,  533 

degenerations  of,  520 

effects  of  cloudy  swellings,  32 

excessive  exercise  effects,  530 

fatty  degeneration  of,  3C,  521 

fatty  infiltration  of,  47 

granulomata,  new  growths  and 
parasites,  531 

hypertrophy  and  dilatation  of,  247, 
529,  530 

imperfect  development  of,  497 

inflammation  of,  526 

malformations  of  right  ventricle 
and  stenosis  of  pulmonary  artery, 
498 

malpositions  of,  500 

milk-spots  in,  502 

mitral  valve  of,  disease  of,  514 

muscle  of,  healing  of,  223 

muscular  fibre  system,  534 

occlusion  and  stenosis  of  coronary 
arteries,  523 

pulmonary  valve  of,  diseases  of,  518 

punctured  wound  of,  501 

rhabdomyoma  of,  533 

right  ventricle  of,  subdivision  of,  498 

rupture  of,  501 

syphilis  of,  531 

thrombi  in  the,  141,  519 

tricuspid  valve,  disease  of,  517 

tuberculosis  of,  531 

tumours  of,  532 

valvular  disease  of,  508,  514 

valvular  disease  of,  causing  chronic 
venous  congestion,  129 

vascular  derangements  of,  500,  523 

ventricular  septum,  defects  of,  498 

waxy,  hyaline  and  calcareous  dege- 
nerations of,  523 
Heart-block,  532,  534-536 
Heart-muscle,  cloudy  swelling  of,  520 
Heart-wall,  infarction  of,  157 
Heat,  injuries  due  to,  495 
"Heat-collapse,"  489 
Heat-prostration,  495 
Heat-stroke,  492,  495 
Helminthes,  346 
Hemicrania,  965 
Henoch's  purpura,  hemorrhage  in,  626, 

765 
Hepatic  artery,  embolism  or  thromb 

of,  796 
Hepatitis,  amoebic,  354 

interstitial,  chronic,  803 

suppurative,  802 
Hepatogenous  pigmentation,  7(.» 
Heptophore,  462 
Heredity  factor  in  tumours,  264 

Hernia,  761 

internal,  762 

varieties  of,  etiology  and  patho- 
logical anatomy,  701 


Heterochthonous  tumours,  273 

Heterogony  in  nematodes,  414 

Heterophyes  heterophyes,  391 

Heterotype  mitosis,  16 

Hexacanth  of  cestoda,  400 

Hexapoda,  443 

Hip,  congenital  dislocation  of,  1049 

Hirschprung's  disease,  760 

Hirudinea,  438 

Histioid  and  organoid  tumours,  279 

Histogenous  cells  in  inflammation,   180, 

185,  197 
Histo-hsematogenous  cells  in   inflamma- 
tion, 180, 183 
Hobnail  cirrhosis  of  liver,  805 
Hodgkin's  disease,  241,  631,  640 
"  Homologous  growths,"  law  of,  258 
Hooklets  of  tapeworms,  399 
Hook-worm,  418 
Hook-  or  tunnel-worm,  American  variety 

of,  423 
Hormones,  832 
Horse-shoe-kidney,  862 
Hospital  gangrene,  106 
Hour-glass  contraction  of  stomach,  747 
Humoral  hypothesis  of  immunity,  477 
Hunterian  chancre,  236 
Hutchinson's  teeth,  738 
Hyaline  degeneration,  64 

nature  and  distribution  of,  65 
of  kidney,  874 
relation  to  calcification,  90 
staining  reactions  in,  65 

endothelial  leucocytes  in  inflamma- 
tion, 179 

leucocytes,  578,  594,  602 
Hyaloplasm,  2,  7 

nuclear,  6 
Hydatid     disease,    taenia     echinococcus, 

cause  of,  406 
Hydatid-cysts— 

acephalocysts,  409 

alveolar,  409 

endogenous  cysts,  409 

exogenous  cysts,  409 

in  spleen,  657 

of  peritoneum,  788 

secondary  changes  in,  410 

single,  large,  409 

structure  and  development  of,  407 

varieties  of,  409 
Hydatid-fluid,  408 
"Hydatid  mole,"  52 
Hydatidiform  niol.  .  289 
Hydatids  of  bone,  1048 
Hydrocele,  929 

of  Bpermatio  cord,  930 
Hydrocephalus,  123,961 

acquired,  958,  962 

congenital,  961 

in  meningitis,  954, 
Hydromyelia,  991 
Hydro-nephrosis,  904 
Hydropericardium,  123,501 
Hydrothorax,  123,  722 
Hygroma. 

Hylic  group  ol  280 

Hylomata,  280 

malignant,  301 
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Hymenolepididse,  411 
Hymenolepis  nana,  411 
Hyperemia,  120 

acuto,  of  spleen,  054 
active,  120,  160 

in  inflammation,  I  63 
pathological,  160 
physiological,  160 
caused  by  irritants,  160 
due  to  vaso-constrictor  paralysis  and 

vaso-dilator  stimulation,  161 
of  lungs,  active  and  passive,  676 
passive,  120 
Hyperchromatic  mitosis,  16 
Hyperchromatosis,  26 
Hyperglycemia,  568 
Hyper-nephromas,  917 
Hyperpituitarism,  858 
Hyperplasia,  hypertrophy  and,  245 

of  bone,  1036 
Hyperthyrea,     or     hyperthyroidism,     in 

exophthalmic  goitre,  837 
Hypertrophy,  28 

and  dilatation  of  heart,  529,  530 
and  hyperplasia,  245 
compensatory,  250 
complementary,  251 
influence  of  glandular,  extracts  on, 

249 
influence  of  thyroid  secretion  in,  249 
microscopical  changes  in,  251 
of  arteries,  538 
of  bone,  1036 
of  brain,  966 
of  intestines,  764 
of  mammary  gland,  934 
of  prostate  gland,  931 
production  of,  by  chemical  stimula- 
tion and  action  of  drugs,  250 
by  excess  or  abnormal  character 

of  nutriment,  249 
by  inco -ordination  of  muscular 

effect,  247 
by  local  stimulation,  248 
by  nervous  stimulation,  247 
hypothesis  as  to  mechanism  of 
*  2  4  7 
results  of,  251 
true,  240 
Hypochromatic  mitosis,  16 
Hypoleucocytosis,  601 
Hypophysin,  857 
Hypophysis  cerebri,  anatomy  of,  v 

discs sea  of,  857 
Hypopituitarism,  858,  860 
Hypoplasia,  110 
Hypospadias,  926,  926 
Hypostasis,  1 1 9 
Hypostatic  congestion,  136 

engorgement  or  congestion  of  1 

pneumonia,  1  36,  697 
Hypothyroidism,  642 


Icterus,  7!) 
Immune-bodies,  '  fixed, 

format  ion  of,  479 
Immune-body,  4( -7.  179 
Immune-opsonin,  J  7  \ 


180 


Immunity,  451 

acquired,  152 

experimental,    152 

active,  463 

how  produced    15  \ 

antibodies,  452 

artificial,  452,  478 

complement,  cytase  or  alexin  in,  407 

direct,  453 

experimental  in  relation  to  cancer, 
341 

immune-body,    fixative    or    ambo- 
ceptor in,  407 

indirect, 

natural,  451 

nature  of,  cellular  hypothesis,  4  75 
humoral  hypothesis,  4  75 

passive,  456 

unit,  458 
Inco-ordination,  in  production  of  hyper- 
trophy, 247 
Indirect  immunity,  456 
Induration,  cyanotic,  of  liver,  135 
Infantile  paralysis,  998 

scurvy,  1027 
Infarction,  causes  of,  159 

collateral  supply  theory,  156 

definition  of,  150 

experiments     by     obstruction     of 
branches  of  renal  artery,  151 

experiments  by  obstruction  of  entire 
renal  artery,  151 

explanation    of    vascular    engorge- 
ment, 156 

of  heart -wall,  157 

of  kidney,  912 

of  spleen,  154,  653 

pulmonary,  158 

views  as  to  causation  of,  150 
Infarcts  of  kidney  microscopical  appear- 
ances, 152,  153,  154 

pale  or  anaemic,  150 

red  or  hemorrhagic,  150 

varieties  of,  150 

/.ones  of,  153 
Infective  arthritis,  1054 

jaundice,  818 
Infiltrations  and  degenerations,  28,  30 

small-celled.  219 
Inflammation,  162 

acceleration  of  blood-stream  in,  163 

active  hyperemia  in,  1 63 

bacteria  and  toxins  causing,  I 

catarrhal.  2<»4 
of,  162 

causing  necrosis,  100 

cells  derived  from  other  tissues,  1  s,; 

olasmatocyti  b, 

diffuse,  201 

emigration  of  leucocytes  in,  169,  195 

endothelial  cells  in,  I 
linophils  in,  1  76,  I  33, 
pe  of  red  corpuscles  in,  1 69 

fibroblasts  in,  189,  197 

gianl  •cells  in,  I  89 

hsamatogenous  cells  in.  1  B0 

bistogenous  cells  in.  1  s<>.  I  s5.  197 

hi>to-ha'inai  cells    in,     180, 
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Inflammation,  hyaline   endothial   leuco- 
cytes in,  179 
interstitial,  204 
in  the  cornea,  186 
in  non-vascular  areas,  197 
lymphocytes  in,  179,  183,  197 
mast-cells  in,  179,  183,  197 
mononucleated  cells  in,  179,  192 
oedema  in,  103 
of  bone,  1032 
of  brain,  97(> 
of  intesl  in6B,  7G6 
of  liver,  802 
of  muscles,  1062 
of  pancreas,  828 
of  peritoneum,  785 
of  salivary  glands,  743 
of  soft  palate,  pharynx  and  tonsils, 

739 
of  spinal  cord,  995 
of  stomach,  750 
of  tendon-sheaths,  1066 
of  veins,  5(>2 
parenchymatous,  205 
phenomena  of,  163 
plasma-cells  in,  184,  197 
polyblaste  in,  1*»>,  197 
polymorphonuclear    leucocytes     in, 

174,  180,  192,  196 
proliferative  changes  in,  205 
reparative  changes  in,  205 
sequelae  to,  198 
Blowing  of  blood-stream  in,  165 

ia  in,  163 
suppurative,  201 
transudation  of  lymph  in,  1 66 
vascular  phenomena  in,  1  <53 
Inflammatory    exudates,    cells    of,    and 
l  issue  changes,  174 

characters  and  composition  of, 
L66 

fats  of  cells  in  absorption  of,  192 

function  of,  167 
ganisation  of,  213 

Origin     and     function     of     cells 

found  in,  180 
solid  constif  uents  of,  1 67 

oedema,  126 
Infundibulum,  866 
Infusoria,  361 
Inoculation,  protective,  «»f  antibacterial 

■  mi.  466 
Insane,  general  paralysis  of, 
Insanity,  obesitj  in,  17 
Insecta,  443 
Insulin,  824,  826,  B316 
Internal  secretions,  act  em  of,  249,  332 
Interstitial  inflammation,  204 
Intestines,  actinomycosis  of,  780 

amyloid  or  waxy  degeneratioi 
764 

at  rophy  <>f,  76  I 

carcinoma  of,  leuoocj  toeii  in,  I 

catarrh  of,  chronic,  767 

chronic  ven<  ition  of, 

ocelio  dis< 

congenita]  malformations  of,  2 

dilatation  of, 

diseases  of,  7 


Intestines,  diverticula  of,  759 

fibromatosis  of,  7  s" 

haemorrhage  in,  766 

hernia,  Tnij 

hypertrophy  of,  764 

inflammation  of,  766 

intussuscepl  ion,  7i;;{ 

parasites  in,  783 

prolapse  of,  703 

protozoal  infections  in,  783 

specific  inflammations  of,  770 

strangulation  of,  702 

syphilis  of,  780 

transposition  of,  760 

tuberculosis  of,  778 

tumours  of,  782 

ulceration  of,  follicular,  7»>7 

volvulus  of,  762 

waxy  degeneration  of,  62 
Intra-peritoneal  suppurations,  localised, 

786 
Intussusception,  763 
Iodamceba  Butschlii,  359 
"  Iodine-cysts,"  359 
Iron  in  tumours,  283 
Irritation,  local,  cause  of  cancer,  265 
Ischsemia,  143 

of  brain,  967 
Itch-mites,  439 
Ivory  exostosis,  292 
Ixodidee,  442 
Ixodoidea,  442 

Jaundice,  79,  817 

action  in  kidneys,  79 

catarrhal,  818 

due  to  destructive  changes  in  liver 
cells,  320 

enteric,  818 

febrile,  819 

infective,  80,  818 

infective      or      infections,      pai 
causing,  366 

obstructive,  74 
Jaw,  diseases  of,  738 

inflammation  of,  738 

necrosis  of,  739 

tumours  and  cysts  of. 
Jensen's  tumours,  264,  269 
Jigger  ilea.  160 
Jiggers,  1 1 B 

Joints,  deformities  of,    1049 

difloaoon  of,  L018,  1049 
dislooal  ions  i  I .  I 
bjamophilio  di  1067 

inflammatory,  vs     and 

proliferative  changes  in,  1049 
injuries  to,  1049 

dies  in,  L062,  1 1 
malformations  •  >f,  1049 
rice-  or  melon-seed  bodies  in,  1067 
syphilis  of,  1 1 

tn!  aso  of,   1<' 

Kala-/.zar,  bugs  ai  carriers  of  infi 
I  M 
cirrhosis  due  to,  809 
Indian, 
infantile, 
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Karyokinesis,  11 
indirect,  12 
Karyo-lymph,  6 
Karyolysis,  26 

in  necrosis,  100 
Karyorrhexis,  11,  26 
in  necrosis,  100 
in  pernicious  anaemia,  620 
Karyosomes,  6 
Kata-phylaxis,  174 
Kidney  and  Kidneys 

abnormalities  in  number  of,  863 
in  positions  of,  864 
in    shape    of,   or    distributions 
of  blood-vessels,  864 
actinomycosis  of,  916 
calculi  and  concretions  in,  906 
cardiac,  009 

changes  in,  in  lymphatic  leukaemia, 
611 
in  myelogenous  leukaemia,  609 
in  pernicious  anaemia,  622 
chronic     granular     contracted     or 

cirrhotic.  895 
circulatory  disorders  of,  908 
cloudy  swelling  of,  879 
congenital  malformations  of,  862 
contraction,  varieties  of,  896,  900 
convoluted  tubules  of,  cloudy  swell- 
ing of,  30 
effects  of  cloudy  swelling  in,  32 
cystic  disease  of,  865 
diseases  of,  862 

GaskelPs  views  on,  901 
occurrence  of  "  casts,"  883 
dystopic,  864 

embolism  and  infarction,  912 
fatty  degeneration  of,  880 
granular  contracted,  red,  897,  900 
haemorrhages  into  and  from,  912 
horseshoe-,  862 
hyperaemia  of,  active,  908 
inclusion  of  suprarenals  in,  865 
inequality  in  sizo  of,  864 
infarcts   of,   microscopical  appear- 
ances, 152, 153, 164 
inflammatory  conditions  of,  884 
in  jaundice,  79 
injuries  of,  868 
in  malaria,  384 
interstitial     connective     tissue     of, 

lesions  affecting,  877 
ligature  of  renal  artery,  engorgement 

after,   L56 
Nfalpighian  bodies  of,  lesions  affect- 
ing, 873 
movable  or  floating,  864 
mucoid  and  colloid  degeneration  of, 

883 
naked-eye   examination   of,   points 

to  l  vod,  871,  872 

necrosis  of,  33 

t  met  ion  i  S I 

le  granular  contra*  I 
contract  /  /.  900 
parasites  in, 

passive  or  venous  congestion  "f,  908 
persistence  of  foetal  lobulation, 
sacral,  864 

70 


Kidney  and  Kidneys,  sigmoid,  862 

solitary,  863 

specific  or  chronic  infective  disease 
of,  912 

structural  disease  of,  869 

syphilis  of,  916 

tuberculosis  of,  912 

tubules      of,      conditions      specially 
affecting,  87!) 

tumours  of,  916 

-•■Is  of,  lesions  affecting,  877 

waxy  degeneration  of,  58,  62 
Klotz  on  calcification,  93 
Knock-knee,  1024,  1026,  1049 
Kyphosis,  1044 

due  to  rickets,  1026 

Lactation,  obesity  during,  4  7 
Lamblia,  369 

duodenalis,  369 
intestinalis,  369 
Landry's  paralysis,  1002 
Langerhans,  islands  of,  824,  83 16 
Lardacein,  55 

Lardaceous  degeneration,  53 
Laryngitis,  membranous,  664 
Larynx,  catarrh  of,  acute,  663 
chronic,  664 
diseases  of,  663 

disturbances  of  circulation,  663 
foreign  bodies  in,  663 
glanders  of,  666 
inflammation  of,  663 
leprosy  of,  666 
muscles  of,  paralysis  of,  666 
stenosis  of,  663 
syphilis  of,  665 
tuberculosis  of,  titi~) 
tumours  of,  666 
Laverania  malariae,  375,  381 

asexual  life-cycle  of,  378 
Lead-poisoning,  neuritis  in,  1016 

pigmentation  in,  86 
Lecithin,  17,  18 
Leeches,  438 
Leg,    bones  of,  deformities  due  to  rii 

1024 
Leimyoma,  296 
Leishman-Donovan  bodies,  363 

herpetomonad  forms  of,  363 
Leishmania,  3 
donovani.    - 
infantum,  364 
tropica, 
Leishmaniasis. 

cutaneous  or  dermal, 
Lepidic  group  ol  tissui  -.  280 
Lepidomata,  or  rind  tumours,  280,  282 
311 
malignant,  primary  ami  Beooo 

transitional,  atypical, 
typical,  318 

Lepra  an 

t  iiberou] 
"Lepra-cells."  2 
Leprosy, 

tie,  leading  to  necrosis,  100 

condition  of  spleen  in. 
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Leprosy,  effects  on  bone,  1044 

involving  muscles,  1065 

neuritis  in,  1017 

of  liver,  812 
Leptomeningitis,  952 

spinal,  994 

tuberculous,  995 
Leptospira  icteroides,  3G6 
Leptus  autumnalis,  439 
Leucine  in  tumours,  283 
Leucoblastic  bone-marrow,  593,  607 
Leucocyte  cells  in  bone-marrow,  585 
Leucocytes,  5,  575,  600 

diapedesis  of,  576 

emigration  of,  causes  of,  195 
in  inflammation,  169,  195 

endothelial,  hyaline,  179 

eosinophil,  183,  196 

histogenous,  185 

hyaline,  578 

in  tumours,  262 

mononucleated,  578 

polymorphonuclear,  174,  180,  577 

varieties  and  relative  numbers  of, 576 
Leucocythsemia,  605 

effects  on  kidney,  916 
Leucocytosis,  cachectic,  600 

clinical  varieties  of,  598 

in  ankylostomiasis,  421 

in  cancer,  624 

in  fever,  485 

inflammatory,  577 

mixed,  603 

neutrophil,    polymorphonuclear    or 
common,  600 

polymorphonuclear,  577,  600 

post-haemorrhagic,  599,  614 

produced  by  disease,  599 

terminal  or  ante-mortem,  600 

therapeutic,  598,  603 

types  of  cell  increased  in,  600 
Leucocytozodn  type  of  parasites,  372 
Leucoderma,  71 
Leucopenia,  603,  660 

in  malaria,  383 
Leukaemia,  605 

lymphatic,  290,  609 

epleno-medullary    or    myelogenous, 
605 
changes    in    organs    and    bone- 
marrow,  607 
Lice,  445 

as  carriers  of  infection,  447 
Light,  stimulation  of,  reaction  to,  72 
Lime  Baits,  deposition  ol 
Limneeus  truncatulus,  387 
Linguatula  rhinaria,  » 1 1 

ttsmodides,  441 
Linin,  6 

Linitis,  plastic,  758 
Lipeemia, 
Lipins,  1^ 

in  tumours,  i-)s> i 
Lipochromes,  70 
Lipoma,  290 

Lipomata  of  peritoneum,  787 
Lithopeedion,  90 
Liver,  abscess  of,  802 

complicating  dysentery,  356 


Liver,  actinomycosis  of,  812 

acute  congestion  of,  7 

anaemic  patches  on,  792 

anatomy  of,  789 

atrophy  of,  796 

acute  or  yellow,  796 

biliary  abscesses  of,  803 

cancer  of,  leucocytosis  in,  624 

11  central  red  atrophy,"  793 

changes  in,  due  to  eclampsia,  81 1 
in  Hodgkin's  disease,  • « 1 4 
in  lymphatic  leukaemia,  611 
in  myelogenous  leukaemia,  609 
in  pernicious  anaemia,  622 

chronic  venous  congestion,  792 

circulatory  disturbances,  792 

cirrhosis  of,  803,  805,  807 

cloudy  swelling  of,  799 

cyanotic  atrophy  of,  136 
induration  of,  135 

cysts  in,  816 

deformities  and  displacements   of, 
acquired,  789 

diseases  of,  789 

effects  of  cloudy  swelling  on,  32 

effects  of  T.N.T.  poisoning  on,  798 

embolism  and  thrombosis  of  portal 
vein,  795 

fatty  changes  in,  799 

fatty  infiltration  of,  42 

gas-formation  in,  796 

hobnail,  803,  805 

inflammation  of,  802 

in  malaria,  384 

leprosy  of,  812 

malpositions  and  malformations  of, 
789 

necrosis  of,  focal,  98 

nutmeg,  793 

parasites  of,  817 

pigmentary  changes  in,  801 

pseudomelanosis,  796 

pyaemic  abscesses  of,  802 

regenerative  changes  in,  791 

retrogressive  changes  in,  796 

shewing  chronic  venous  congestion, 
131 

syphilitic  disease  of,  809 

tropical  abscess  of,  802 

tuberculosis  of,  811 

tumours  of,  812 

venous  congestion  in  chronic,  early, 
and  advanced  stages  of,  134 

waxy  or  amyloid  degeneration,  58, 
60,  800 
Liver-cells,  jaundice  due  to  destructive 
changes  in,  820 

necrosis  of,  806 
Liver-fluke,  common,  life-cycle  «-f,  386 
Liver-rot    in    sheep,    parasite    eausi 

Loa  loa,  437 

Locomotor  ataxia,  1007,  1055 
Loemopsyllachfi.pi-.  L49 
Lordosis,  1045 

t   due  to  rickets,  1026 
Loschia  tetragena, 
Ludovici's  angina,  ] 
Lumbar  al  D4J 
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Lung  and  Lungs 

abscess  of,  696 
brown  induration  of,  677 
changes    in,    in    acute   lobar   pneu- 
monia, 689 
collapse  of,  136,  680 
congestion  of,  acute,  685 
consolidated,  689 
diseases  of,  674,  699 
disturbances  of  circulation,  676 
effects  of  actinomycosis  on,  704 
of  gas-poisoning  on,  676 
of  glanders  on,  704 
fat-embolism  in,  appearances  of,  146 
flukes,  390 
gangrene  of,  696 
hepatisation  of,  687,  689 
hyperemia  of,  active,  676,  685 

passive,  676 
hypostatic  engorgement  or  conges- 
tion of,  679 
inflammatory  conditions  of,  685 
injuries  of,  675 
malformations  of,  675 
occupational  diseases  of,  699-702 
oedema  of,  679 
parasites  in,  721 

phthisical,  haemorrhage  from,  720 
pulmonary    embolism    and    throm- 
bosis in,  678 
pulmonary  infarction  in,  678 
shewing  effects   of   chronic    venous 

congestion,  130 
syphilis  of,  703 
tuberculosis  of,  705 
acute,  708 

air-passage  spread,  710 
blood-spread  of,  708 
characters  of  lesions,  711 
chronic,  712,  717 
classification  of,  705 
fibroid,  "  healed  "  tubercle,  713 
general  facts  in  relation  to,  705 
lymphatic  spread  of,  708 
method  of  infection,  706 

of  spread  of,  707 
with  cavity  formation,  714 
without  cavity  formation,  705, 
708 
tumours  of,  721 
venous  engorgement  of,  676 
"  Lung-dust  diseases,"  86 
"  Lung-stones,"  673 
Lymph,  accumulation  in  tissues,  1 24 

scrotum  caused  bv  filarial  infection, 

436 
transudation   of,   in   inflammation, 
166 
Lymphadenitis,  acute  and  ehronic,  63 

syphilitic,  640 
Lymphadenoma,  631,  640 
Lyinphangiectasis,  629 
Lymphangioma,  262,  321,  8 

srnous  and  plexiform,  I 
Lymphangitis, 

in  elephantiasis,  137 
Lymphatic  glands,  630 
atrophy  of,  8 
B.  tuberculosis  in, 
70* 


Lymphatic     glands,      changes     in,      in 
lymphatic  leukaemia,  611 
in  myelogenous  leukaemia,  609 
diseases  of,  classification  of,  631 
pigmentation  of,  632 
trunks, spread  of  tumours  by,  257 
tuberculosis  of,  I 
tumours  of,  645 
ulcers   caused    by   filarial   infection, 

436 
varices,  caused  by  filarial  infection, 

435 
waxy  or  amyloid  degeneratioi  . 
Lymphatic  system,  diseases  of,  629 
vessels,  cystic  tumours  of,  630 
dilatation  cysts  of,  630 
diseases  of,  629 
new  growths  of,  630 
Lymphatics  in  tumours,  261 

newly-formed,  in  tumours,  262 
Lymphatism,  647 

of  tongue,  735 
Lymphocytes,  578,  958 

in  inflammation,  179,  183,  197 
Lymphocythsemia,  609 
Lymphocytosis,  601,  958 
Lymphoid  cells,  580 

in  tuberculosis,  229 
tissue,  580 
Lymphoma,  294,  645 
Lymphomatous  masses  in  liver,  814 

ulcers,  646 
Lympho-sarcoma,  260,  295,  646 
Lympho-toxsemia,  647 
Lymphuria  caused  by  filarial  infection, 
436 

Macrocheilia,  629,  734 
Macrocytase,  476 
Macrogametes,  349 

in  coccidia,  372 

in  malaria,  380 
Macroglossia,  629,  734 
Macronucleus  in  protozoa,  349 
Macrophages,  192 
Madura  foot,  241 
Malakoplakia  of  bladder,  924 
Malaria,  anaemia  in,  383 

\ual  life-cycles  of  parasites,  378 

blood-changes  in,  383 

blood-count  in.  384 

bone-marrow  in, 

carriers  of,  anopheline  mosquitoes 
(list).  3S 

cirrhosis  in,  809 

gametes  in,  379 

gametooytes  in,  3 

incubation  period,  3  . '■• 

liver  in,  ^s  I 

macrogametes  in, 

merozoites  in,  376 

microgametes  in,  379 

mosquitoes  and.  376,  382 

oocyst  in,  -;^ 

parasit  ;"» 

cult ivatioc  of,  382 
differential  ohars  ;s' 

I  aii  oogenesis  in,  383 

pathological  anal 
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Malaria,  pernicious,  375,  378 
phagacytosis  in,  378 
pigmentation  in,  81,  376 
Plasmodium  immaculatum  in,   375, 
381 
malariae  in,  375,  380 
vivax  in,  375 
quartan,  375,  378 
schizonts  in,  379 
Schiiffner's  dots  in  parasite,  37G 
spleen  in,  384 
sporoblasts  in,  380 
sporocysts  in,  380 
sporonts  in,  379 
sporozoites  in,  380 
synkaryon  in,  380 
tertian,  375,  378 
triphozoites  in,  37G 
vermicule  or  ookinete  in,  380 
zygotes  in,  380 
Mai  de   caderas,   trypanosome  equinum 

in,  360 
Malformations  of  pericardium,  497 
Malignant  Disease.    See   under   Cancer, 

Sarcoma 
Malignant  pustule,  243 

tumours,    relative    differences    be- 
tween simple  and,  276 
Malpighian     bodies,     lesions    affecting, 
873 
capsule  of,  lesions  of,  875 
Mammary  gland,  absence  of,  934 
actinomycosis  of,  936 
atrophy  of,  934 
carcinoma  of,  942,  947 
congenital  malformations  of,  934 
degenerations  of,  934 
diseases  of,  934 
hypertrophy  of,  934 
inflammation  of,  934 
sarcomata  of,  0  \'l 
scirrhus  of,  943 
syphilis  of,  936 
tuberculosis  of,  936 
tumours  and  cysts  of,  937,  939 
supernumerary,  934 
Marantic  thrombi,  142 
Marasmus,  113 

Marchi's  method,  44 
Margaropus  annulatus,  442 
Marrow.    See  Bone-marrow 
Mast-cells,  578 

increase  of,  603 

in  inflammation,  170,  is:',,  197 
Mastigophora,  350,  360 

Mastitis,  acute,  0:5.") 

chronic, 

complicating  mumps,  743 
Measly  pork,  403 
Meckel's  diverticulum,  759 
Medina  worm,  427 
Megacolon,  760 

Megakaryocytes,  5,  7.  607,  610 
Megaloblasts,  ~>~2.  594 

in  pernicious  aiaemia,  620 

Megalocytes,  572 

in  pernicious  atwniiia,  620 

Megastoma  intestinale,  369 
Melsena,  84,  768 


Melanin  pigments,  70 

in  tumours,  284 
Melanoma,  308 
Melanotic  sarcoma,  308 
Melanuria,  76 
Membranes,     serous,     tumours     arising 

from,  322 
Meningeal  haemorrhage,  951,  970 
Meninges,  tumours  of,  960 
Meningismus,  953 
Meningitis,  952 

basal,  posterior,  957 
cerebro-spinal,  epidemic,  953 
of  dura,  959 

serosa  circumscripta,  961 
tuberculous,  957 
Meningocele,  965,  992 
Meningomyelocele,  992,  993 
Menopause,  obesity  at,  47 
Merozoite,  349 
Merozoitesin  malaria,  376,  380 

in  sporozoa,  371 
Mesogonimus  westermani,  390 
Mesohyolomata,  286 
Mesothelial  tumours,  318 
Mesothelioma,  322 

malignant,  309,  336 
Metabolism,  disturbed,  obesity  in, 
Metaphase  of  mitosis,  12,  14 
Metaplasia,  117 

in  tumours,  259 
Metaplasm,  9 
Metazoa,  386 

invertebrate,  346 
Mickulicz's  disease,  744 
Micrencephaly,  965 
Microblasts,  572 
Microcephalus,  965 
Microcephaly,  965 
Microcytase,  470 
Microcytes,  572 
Microfilaria  bancrofti,  430 
diurna,  437 
loa,  437 
nocturna,  4  3»> 
perstans,  438 
Microfilariae,  430 
Microgametes,  349 
in  coccidia,  3  <  2 
in  malaria,  370 
Micronucleus  in  protozoa,  349 
Microphages,  192 
Microsporon  furfur,  discoloration  due  to, 

89 
Miliary  aneurisms,  557,  558 
"Milk-cysts," 
Milk-spots  in  heart,  502 
Mineral  poisons,  neuritis  due  t<>,  1016 
Miners'    disease    or    anaemia,    pai 

causing,  J i  s 
Miracidium,  387 
Mites,  439 
Mitochondria,  8 
Mitosis,  4,  5,  12 

mmetrioal,  1 1 
heterotype,  I  6 
hyperchromal  i<-.  1 8 
hypocbromatic,  16 
multipolar,  1 7 
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Mitral  incompetence,  516 

stenosis,  512,  514 
Moles,  272 

pigmented,  308 
MollllSCUm  fibrosum,  287 
Monaster,  or  mother-star,  in  cell-division, 

14 
Mononuclear   cells,  hyaline,  increase   of, 

601 
Mononuclears,  largo, increased  in  malaria, 

383 
Mononucleated    cells    in    inflammation, 

179,  192 
Mononucleated  leucocytes,  578 
Mosquito,     metamorphosis   of  larva?   of 

filaria  sanguinis  hominis  in,  434 
Mosquitoes  and  malaria,  382 

anophclii.c,  carrying  malaria,  list  of, 

383 
metamorphosis  of  filaria  in,  434 
Mouth,  catarrh  of,  735 
diseases  of,  732 
granulomata  of,  736 
inflammation  of,  735 
malformations  of,  732 
syphilis  of,  736 
tuberculosis  of,  737 
tumours  and  cysts  of,  737 
Movable  kidney,  864 

Mucinoid  (mucoid  and  colloid)  degenera- 
tions, 47 
Mucins,  characters  of,  48 
Mucoid  ("  myxomatous  ")  degeneration, 
47,  289 
changes  produced  in  connective 

tissues  by,  52 
in  bone-marrow,  51 
in  inflammatory  condition,  52 
in  myxcedema,  51 
in  tumours,  52 
of  cells,  49 

of  connective  tissues,  51 
Mucoid     and     colloid     degeneration     of 

kidney,  883 
Mucoids  or  mucinoids,  characters  of,  48 
Mucor  niger,  discoloration  due  to,  89 
Mucous  polypi,  52 
Multicellular  organisms,  1 
Multipolar  mitosis,  17 
Mumps,  743 

complications  of,  743 
Muscle-clot,  87 

Muscle,  infection  with  t  rirhinolla  spiralis, 
425 
Zenker's  degeneration  of,  25,  101— 

103 

Muscles,  atrophy  of,  1060 
myopathic,  1061 
neuropathic ,  L060 
peroneal  type,  1003 
progressive,  1002 
calcification  <>t',  I1 
cloudy  swelling  of,  I" 

igulation  necrosis  of,  LO50 

degeneral  ions  of,    1058 

tat ty  degeneral ion  of,  1058 
hemorrhage  int...  1068 
inflammation  of,  1062 

rosis  of,  1059 


Muscles,  oedema  of,  1058 

parasites  in,  1065 

pigmentation  of,  1059 

rupture  of,  1058 

syphilis  of,  1005 

tuberculosis  of,  1065 

tumours  of,  1065 

voluntary,  diseases  of,  1058 

waxy   or  amyloid   degeneration    of. 
1058 

Zenker's  degeneration  of,  1059 
Muscular  dystrophies,  1061 

tissue,  healing  of,  223 
Mustard-gas  poisoning,  676 
Mycetoma,  24  1 

involving  muscles,  1065 

of  bone,  1044 
Myelitis,  995 

causation     of,    and     characters     of 
lesion,  996 
Myelocytes,  5 
Myelocythsemia,  605,  608 
Myeloma,  293 

malignant  forms  of,  308 

of  bone,  1046 
Myelomalacia,  995 
Myelomatosis,  308 
Myeloplaxes,  294 
Myiasis,  444 

Myocarditis,  acute,  non-suppurative,  526 
suppurative,  526 

chronic,  527 

syphilitic,  529 

tuberculous,  529 
Myocardium,  atrophy  of,  519 

chronic  venous  congestion  of,  523 
Myoma,  296 
Myomalacia  cordis,  524 
Myomatosis  uteri,  296 
Myopathic  muscular  atrophy,  1061 
Myosin  or  muscle-elot,  87 
Myosinogen,  87 
Myositis,  non-suppurative,  1062 

ossificans,  1065 

suppurative  or  purulent,  1062 
Myx oedema,  843 

blood-condition  in,  S-J 5 
mucoid  degeneration  <«t"  connective 
tissue  in,  51 

secondary  changes  in   other  orj 
and  tissues,  8  1  I 

Myxo-glioma  of  brain,  987 

Myxoma,  288 

Myxomatous  Degeneration.     See  Mucoid 

Degeneration 
Myxo-sarcoma,  310 


Neevi,  272 

Neevoidcrlls.  272 

Nagana,  t rypanosonif  brucei  in.  360 

Nasal  cavities,  diseases  of,  <><»l 

Natural  immunity,  15 1 

Necator  africanus,  423 

americanus,  L23 
Necrobiosis,  M 
Necrosis,  2s.  ••  i 

Bathetic  leprosy  leading  to,  100 
-t  of  circulation  causii 
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Necrosis,  bacteria  and  their  products  in, 
98 
caseation  in,  103 
causes  of,  94 
changes   in    fibrous    and    muscular 

tissues,  101 
changes  occurring  in  tissue  in,  100 
chemical  agents  causing,  97 
chromatolysis  in,  100 
coagulation-,  101 
colliquative,  102 
electricity  and  radio-active   bodies 

in,  97 
extremes  of    temperature  cause  of, 

97 
fat-,  99,  827 
focal,  98 

following  arterial  obstruction,  157 
from  poison-gas,  97 
inflammation  causing,  100 
karyolysis  in,  100 
karyorrhexis  in,  100 
nerve-lesions  causing,  100 
of  bone,  105,  1033,  1036 
of  jaw,  739 
of  kidney,  33 
of  liver-cells,  806 
of  muscles,  1059 
of  muscles  in  gas  gangrene,  107 
of  pancreas,  827 

physical  and  chemical  agents  in,  96 
sequelae  of,  104 
sequestrum  in,  105 
spasmodic    contraction    of    arteries 

causing,  96 
vegetable      toxins     and      ferments 
causing,  99 
Nemathelmintb.es,  414 
Nematode  cancer,  275 
Nematodes,  4  1 4 

development  of,  414 
Neoplasms,  252 
Neosporidia,  351,  385 
Nephritis,  acute,  888 

"  consecutive,"  885 
diffuse,  sub-acute,  890 
glomerular,  875 
non-suppurative,  887 
suppurative,  884 
trench,  888,  904 
varieties  of,  888 
Nephrolithiasis,  •  " 
Nephroptosis.  804 

Nerve  control,  loss  of,  causing  atrophv, 
I  12 
lesions  causing  n  io0 

Nerve-cells,  7,  10,  11 
Nerve-fibres  in  tumours,  261 
Nerves,  cranial,  die  .  988 

disease  or  injury  to,  cause  of  atrophy, 
116 
Nervous   system,   changes    in,    in     I 
194 
diseases  of,  949 
Net-knots,  8 
Neuritis,  1013 

alcoholic,  1016 

due  to  local  action  of  an  organism, 
1017 


Neuritis,  due  to  mineral  poisons,  1016 

in  leprosy,  1017 

interstitial,  988 

multiple,  101") 

of  diabetes,  Bright's    disease,  etc., 
1016 

of  toxic  origin,  1015 

of  traumatic  origin,  1013 

optic,  988 

peripheral,  atrophy  in,  1  16 
Neuroblastomas,  1017 
Neurocytoma,  301 
Neuro-fibroma,  288 
Neurofibromatosis,  287,  1017 
Neuromas,  301,  1017 

amputation,  1017 

plexiform,  288 
Neuropathic  arthropathy,  1054 

atrophy,  1060 
Neutrophil  cell-granules,  9 

leucoblastic  reaction,  593 
Nile-blue  method  of  staining,  45 
Nipple,  of  breast,  congenital  absence  of, 
934 

Paget's  disease  of,  937 

tumours  of,  937 
Nitrogen  containing  substances  in  blood, 

568 
Noma,  735 

Nomenclature  of  tumours,  279 
Normoblasts,  572 
Normocytes,  572 
Norwegian  itch,  440 
Nose,  catarrh  of,  acute,  661 
chronic,  662 

foreign  bodies  in,  663 

fungi  in,  663 

granuloma  and  tumours  of,  662 

haemorrhage  from,  661 

inflammation  of,  6(>1 

maggots  in,  663 

parasites  in,  663 

syphilis  of,  663 

tuberculosis  of,  662 

tumours  of,  663 
Nuclear  changes,  26 

ground-subs  tano 

hyaloplasm,  6 

membrane,  5 

network  or  reticulum,  6 

saj),  6 
Nucleolus,  o 
Nucleo-proteins,  I!'.  138 

in  tumours,  L's."} 

Nucleus,  4 

aerative  chanj 
^mentation  of, 

functional    relations    to    cytoplasm, 

22 

membrane  of,  5 

relation  of  cytoplasm  to,  in  cell-for- 
mation, 2  i 

relative  position  of,  within  eel' 
shape  i  ' 

.  •"» 

"Nutmeg-liver,"  3 

Nutriment,  relation  t..  atrophy,  1 1 1 

Nutrition,  defective,  as  cause  of  fatty 

degeneration,  38 
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Nutrition,  diminished,  in  secondary  anae- 
mia, 615 


Oat-celled  sarcoma,  306 
Obesity,  45,  47 

causes  of,  35,  249 
Occupation  factor  in  tumours,  265 
Occupational  pigmentation,  86 
Odontoma,  293,  738 
(Edema,  123 

angio-neurotic,  128 

due  to  vasomotor  disturbances,  126 

glottidis,  664 

in  gas  gangrene,  108 

in  inflammation,  126,  163 

lympha!ic,  in  filarial  infection,  435 

of  anaemia,  125 

of  brain,  967 

of  cachexia,  125 

of  lungs,  679 

of  membranes  of  brain,  960 

of  muscles,  1058 
(Esophagus,    communication    with    tra- 
chea, 744 

developmental     abnormalities     and 
malformations,  744 

digestion  of,  during  life,  745 

dilatation  of,  744 

diverticulum  of,  anterior,  744 

inflammatory    and    necrotic    condi- 
tions, 745 

post-mortem  digestion  of,  745 

stenosis  of,  745 

tumours  of,  746 

venus  congestion  of,  chronic,  745 
Oidium   albicans,   discoloration   due   to, 

89 
Oil-embolism,  145 
Onchosphere  of  cestoda,  400 
Oocyst  in  coccidia,  372 

in  malaria,  380 
Ookinete  in  malaria,  380 
Opisthorcis  felineus,  390 

noverca,  390 

sinensis,  390 
Opsonic  index,  474 
Opsonins,  183,  455,  473 
Optic  neuritis,  988 
Orchitis,  929 

acute,  complicating  mumps,  743 
Organella  of  protozoa,  349 
Oriental  or  tropical  sDre,  parasite  causing, 

364 
Ornithodoros  moubata,  442 
Ossification,  process  of,  1018 
Osteitis,  1032 

characters  of  Lesions,  1032 

deformans,  1038 

typhoid,  L032 
Osteo-arthritis,  1051 

deformans,  proliferative,  1064 
Osteo-arthropathy,  hypertrophic,  ohronic, 

1055 
Osteoblasts,  1018 
Osteoclasts,  4,  1018 
Osteoma,  292,  1045 
dental,  2 
eburneum,  292 


Osteoma,  spongiosum,  292 
Osteomalacia,  1023 

changes  in  bones,  1030 
Osteomyelitis,  1032 
Osteophytes,  1037 
Osteo-sarcoma,  310 
Ostitis,  1032,  1033 
Ovaritis  complicating  mumps,  743 
Oxyhsematin,  77 
Oxyphil  cell-granules,  9 

elements  in  cells  and  tissues,  21 

structure,  6 
Oxyuridee,  41 6 
Oxyuris  vermicularis,  416 


Pachymeningitis,  952 

haemorrhagica,  951 
interna,  993 

hypertrophica,  993 

septic,  effects  of,  952 

tuberculous,  994 
Paget's  disease  of  bone,  1038 

of  nipple,  937 
Pancreas,  amyloid  or  waxy  degeneration 
of,  827 

atrophy  of,  828 

cirrhosis  of,  828 

congenital  abnormalities  of,  826 

diabetes  and,  831a 

diseases  of,  824,  8316 

ducts  of,  obstruction  of,  825 

fatty  degeneration  of,  826 

function  of,  824 

granulomata  of,  830 

haemorrhage  into,  826 

inflammation  of,  828 

necrosis  of,  827 

pigmentation  of,  827 

post-mortem  softening  of,  826 

syphilis  of,  830 

tuberculosis  of,  830 

tumours  and  cysts  of,  830 

wounds  of,  826 
Pancreatitis  complicating  mumps,  743 

hsemorrhagic,  826,  829 
acute,  828 

interstitial,  chronic,  828 

suppurative,  gangrenous  or  necrotic, 
acute,  828 
Pansporoblast,  351 
Papillitis,  990 
Papilloma,  3 1 4 

mucous,  3  1  ti 

varieties  and  Bigns,  315 
Papillomatous  ingrowths  from   walla 

cystic  tumours,  318 
Paradoxical  cmhnlisin,   147 

Paragonimus  kellicotti, 

ringeri,  390 

westermani, 
Paralysis,    acute    ascending    (Landry 

l<IIIL> 

infantile 

insane,  general,  B 
Paramphistomidee, 
Paramucins,  characters  of,  is 
Paramyosinogen,  B? 

Paraplegia,  spastic,  I 
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Parasites,    anaemias  produced   by,   615, 
019 

animal,  346 

life-cycle  of,  346,  347 

effects  of,  in  their  hosts,  347 

in  kidney,  919 

in  lungs,  721 

in  muscles,  1065 

in  pleura,  731 

in  spinal  cord,  1012 

in  spleen,  657 

of  bladder,  924 

of  bone,  1048 

of  brain,  988 

of  liver,  817 

"  pseudo,"  348 
Parasitic  cysts,  345 

hypotheses     of     tumour-formation, 
274 
Parathyroid  gland,  diseases  of,  846 

See  also  Thyroid  Glands 
Paratyphoid  fever,  777 
Parenchymatous  degeneration,  30 

inflammation,  205 
Parosteal  exostosis,  293 
Parotid  gland,  inflammation  of,  743 
Parotitis,  743 

infective,  acute,  743 
Parthenogenesis    in    malarial    parasites, 
383 

in  protozoa,  350 
Passive  immunity,  4.~>ii 
"  Pearl-Tumour  "  of  brain,  988 
Pediculidse,  445 
Pediculus  capitis,  445 

corporis,   carrier  of  spirochetes   of 
relapsing  fever,  3(55 

pubis,  445 

\  estimenti,  445 
Pellagra,  1012 
Pelvis,  crushed  or  beaked,  1030 

deformities  due  to  rickets,  1027 
Penis,  diseases  of,  931 

tumours  of,  931 

ulcers  or  chancres  on,  931 
Pentastoma  tssnioides,  441 
Pentoses  in  tumours,  2S4 
Perforation  from  gastric  ulcers,  754 
Periarteritis  nodosa,  554 
Pericarditis,  acute,  502 

terminations  of,  504 

dry  or  fibrinous,  503 

hemorrhagic,  505 

rheumatic  or  pneumococcal,  504 

Buppural  ive,  506 

tuberculous,  505 
Pericardium,    diseases    and    injuries    of, 
501,  504 

inflammation  «»f.  502 

malformations  of, 

tumours  and  parasites  of,  "><"'' 
Perichondritis,  664 
Peri-glomerulitis,  *~~> 
Perihepatitis,  790 

cirrhosis  follow  ing, 

Peri-nephric  and   peri-nephritic  abscess, 

887 
Peri-nephritis,  s^. 
Perineuritis,  988,  990 


Periosteal    nodes    in   syphilis    of    bone, 

1043 
Periosteum,  acute  inflammation  and  sup> 

puration  of,  1033 
Periostitis,  1032 

acute,  1033 

diffuse,  738 

gummatous,  1043 
Peripheral  nerves  and  ganglia,  dia 
of,  1013 

tumours  of,  1017 
Periplast,  350 

Perithelioma,  malignant,  309,  336 
Peritoneum,  acute  carcinomatosis,  787 

chronic  venous  congestion  of,  784 

circulatory  disturbances  of,  784 

congenital  abnormalities  of,  784 

diseases  of,  784 

hemorrhages  in,  784 

hydatid  cysts  of,  788 

inflammation  of,  785 

lipomata  of,  787 

secondary  cancer  growths  in,  787 

tuberculosis  of,  786 

tumours  of,  787 
Peritonitis,  785 

chronic,  786 
Perityphlitis,  768 
Pernicious  anemia,  618 
Peroneal    type    of    muscular   atrophy, 

1003 
Petrification,  89 
Pfeiffer,  reaction  of,  466 
Phagocytic  index,  474 
Phagocytosis,  191,  575,  597,  621 

cells  concerned  in,  19-1 

in  and  around  blood  effusions,  84 

in  malaria,  378,  383 

in  tumours,  202 
Phagolysis,  476,  478 
Pharyngeal  hypophysis,  856 
Pharyngitis,  740 

granular,  740 

phlegmonous,  acute,  740 
Pharynx,  catarrh  of,  740 
chronic,  740 

diseases  of,  739 

diverticulum  of,  739 

inflammation  of,  740 

syphilis  of,  742 

tuberculosis  of,  742 

t  ui notirs  of,  743 
Phlebitis,  562 
Phleboliths,  90,  561 

formation  of,  1 43 
Phlebo-sclerosis,  563 
Phosgene-gas  poisoning,  676 
Phosphate-calculi, 
Phosphatides,  I  7 
Phosphorus  in  tumours, 

poisoning,   fatty  ation    in, 

Phosphorus-necrosis,  1 1 
Phthirius  inguinalis,  I  15 
Phthisis,  7  1 4 

acute,  1 1 6 

chronic,  7 1 7 

renal,  914 

Sec  also  Lung,  Tuberculosis  of 
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Phylactic  agents,  1  74 

power  of  organism,  174 
Phytoparasites,  346 
Pigeon-breast,  appearance  due  to  rickets, 

1026 
Pigment,  increase  of,  72 
Pigment-granules  and  particles,  (» 
Pigmentation,  hematogenous,  76 
hepatogenous,  79 
in  arsenic  poisoning,  86 
in  lead-poisoning,  86 
in  malaria,  81 
in  silver-poisoning,  86 
in  tattooing,  86 
occupational,  86 
of  lymphatic  glands,  632 
of  muscles,  1059 
physiological  increase,  72 
retrogressive,      degenerative,      and 
atrophic  processes  causing,  72 
Pigmentation  and  Pigmentary  Degenera- 
tion, varieties  of,  70 
by  substances  introduced  into  ali- 
mentary canal,  86 
due    to     inhalation     of     dust,    85, 
86 
of  foreign  particles,  85 
due  to  parasitic  fungi,  89 
Pigments,  abnormalities  in  amount  and 
distribution  of,  70 
allied  to  albumins,  70 
extraneous,  84 
haematogenous,  chemical  nature  of, 

77 
phagocytosis  of,  84 
produced  by  bacteria,  76 
Pineal  body,  861 
extract,  861 
Piroplasmidse,  375,  384 
Pituitary  body,  congenital  abnormalities 
of,  856 
diseases  of,  856 
diseases     of,    causing    hyperplasia, 

249 
internal    secretions     produced    by, 

856 
toxic  and  degenerative  changes  in, 
857 
Pituitrin,  857 

Pityriasis  (or  tinea)  versicolor,  89 
Placentoma,  342 
Planorbis  boissyi,  carrier  of  B.  mansoni, 

397 
Plasma-cells     in     inflammation,      184, 

197 
Plasmodium,  3  1 2 

falciparum,  375,  38 1 
immaculatum,  375,  38 1 
malarise,  37.">.  380 

asexual  Life-cycle 
vivax,  375 

\iinl  cy<|. 

Plasmosome,  6 
Plastic  Linitis,  758 
Plastids,  - 
Plastosomes.  B 
Platyhelminthes  or  Mat  -woi 
Pleura,  diseases  of,  722 
haemorrhage  from,  722 


Pleura,  inflammation  of,  acute,  724 
parasites  in.  731 
t  uberculosis  of,  705,  729 
tumours  of,  731 
Pleurisy,  724 

chronic,  729 
dry  (ir  fibrinous,  725 
hsexnorrhagio,  727 
purulent,  7_'n 

ro-fibrinous,  72 
Pleuritis,  ~- J 
Plexiform  angioma,  319 

neuroms . 
Pneumonia,  catarrhal  or  lobular,  691 
croupous  or  fibrinous,  I 
hypostatic,   I  36,  697 
infectious,  686 
interstitial,  697,  7<>:i 
lobar,  acute, 

bacteriology  of,  I 
results  of,  689 
sputum  in,  li!»l 
stages  of,  687 
Pneumonokonioses,  85,  86  697,  699 
Pneumopericardium,  506 
Pneumothorax,  675,  723 
Poikilocytosis,  573 

in  pernicious  anaemia,  620 
in  secondary  anaemia.  * >  1  * > 
Poison-gas,  necrosis  from,  97 
Poisoning  with  T.X.T.,  effects  on  liver, 

798 
Poisons,  inorganic,  cause  of  fatty  dege- 
neration, 38 
organic,  cause  of  fatty  degeneration, 

38 
organic    and    inorganic,    cause    of 
cloudy  swelling,  31 
Polar  bodies,  extrusion  of,   16 

Polio-encephalo-myelitis,  1001 
Poliomyelitis,  anterior,  acute,  998 
atrophy  in,  116 
chronica  (Aran-Duchenne),   1002 
atrophy  in,  1  Mi 
bugs  as  carriers  of  infection,  1  Is 
Polyarteritis  acuta  nodosa,  554 
Polyblasts,  186,  197,  217 
Polychromatophilia,  574 

in  pernicious  anaemia,  •  >_,i> 

Polycythemia  rubra.  6  12 

Polycythemic  splenomegaly  . 

Polymastigina,  368 

Polymorphonuclear  leiKo(\t«-  m  inflam- 
mation, 17  1.   Isn.   L92,   196,  577 

Polyneuritis,  infective,  acme,  1015 

Polypi,  mucous,  51 .  2£ 

Pork-tapeworm,  401 

Portal   vein,  einl>olisin   and   bhrombosis 
of,  7'.':. 

Post-mortem  ohai 
digestion  of  pan< 
of  stomach,  v^ 

discoloration  of  the  tissues,  88 

softening  of  the  | , 

t  hronihi.  thai  111 

Potash  in  tumours, 
Pott's  disease,  994,  1" 
Precipitins,  I 
Pregnancy.  foUowii 
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Premature  senility,  111 

Pressure,  continuous,  causing  atrophy, 

116 
Proglottides  of  tapeworms,  399 
Prolapse  of  intestine,  763 
Prolapsus  ani,  763 
Pronuclei  of  protozoa,  350 
Prophase  of  mitosis,  12 
Prostate  gland,  calculi   and  concretions 
in,  933 

diseases  of,  931 

hypertrophy  of,  931 

inflammation  of,  932 

tuberculosis  of,  933 

tumours  and  cysts  of,  933 
Prostatic  dysuria,  932 
Prostatism,  932 
Prostatitis,  932 
Protein-content     of    serum     of     blood - 

plasma,  568 
Protein-quotient  in  blood-plasma,  568 
Proteins,  17 

conjugated,  19 

in  tumours,  283 

simple,  19 
Prothrombin,  138 

in  thrombus  formation,  138 
Protoplasm,  2 

chemistry  of,  17 
Protoplasts,  8 

Prototoxoid  of  Ehrlich,  460 
Protozoa,  349 

amcebulae,  349 

chromidia  of,  349 

ciliata,  351 

classification  of,  350 

contractile  vacuole  of,  349 

ectoplasm  or  ectosarc  in,  349 

encystment  of,  349 

endoplasm  or  endosarc  in,  349 

fission  of,  349 

flagellata,  350,  360 

flagellulae,  349 

food-vacuoles  of,  349 

gametes  in,  349 

gametocytcs,  350 

haemosporidia,  372 

infection  of  intestines  by,  783 

infusoria,  351 

lamblia,  369 

Leishmania,  363 

macrogamotos  in,  349 

macronucleus  in,  349 

mastigophora,  350,  300 

maturation  in,  350 

merozoites,  349 

microgametes  in,  349 

micronucleus  in,  349 

organella  of,  349 

parthenogenesis,  350 

pronuclei  of,  350 

rhizopoda,  350 

sarcodina,  350,  351 

schizogony  in,  349 

spirochaeta,  364 

sporozoa,  350,  370 

swarm  spores  of,  349 

synkaryon,  350 

tetramitus,  369 


Protozoa,  trichomonas,  368 

trypanosomata,  360 
Protozoal  blood -parasites  of  other  verte- 
brates, 384 
Psammomas,  tumours,  339 
Pseudocysts,  345 
Pseudoglobulin,  568 
Pseudo-hermaphroditism,  926 
Pseudo-hypertrophic  muscular  paralysis, 

1003 
Pseudoleukaemia  infantum  of  v.  Jaksch, 

659 
Pseudomelanosis,  89 

of  liver,  796 
Pseudomucins,  characters  of,  48 
Pseudopodia,  350,  356 
Pseudo-reduction  in  somatic  cells,  16 
Psoas  abscess,  1042 
Pulex  cheopis,  449 

irritans,  449 

penetrans,  450 
Pulicidse,  448 
Pulmonary  apoplexies,  147,  158 

embolism  and  thrombosis  in  lungs, 
679 

incompetence,  518 

infarction,  158 

causes  of,  159 

infarction  in  lungs,  678 

stenosis,  498,  518 
Pulp-tumours,  malignant,  301 
Purin  bodies,  07 
Purin-enzymesin  tumours,  284 
Purins  in  tumours,  284 
Purkinje  fibres,  535 
Purpura  haemorrhagica,  626 
Pus,  characters  of,  202 
Pus-corpuscles,  192 
Putrefaction,  process  of,  87 
Pysemic  abscesses  of  liver,  802 
Pyelitis,  886 
Pyelo-nephritis,  885 

suppurative,  885 
Pyknosis,  26 
Pyle-phlebitis,  795 
Pylorus,  atresia  of,  747 

congenital  hypertrophic  stenosis  of, 
747 
Pyo-nephrosis,  887 
Pyo-pericardium,  505 
Pyorrhoea  alveolaris,  738 
Pyorrhoea,  fusi-spirocha^tal,  367 
Pyrexia,  483 

only  a  symptom,  486 


Quantitative  tests,  4  7L* 


Race  factor  in  tumours. 
Radio-active  bodies,  necrosis  and,  97 
Radium,   effect   of   undue   exposure    to 
action  of,  267 

Ranula,  737 

Rat-bite  i<\ «  r,  spirochete  causing,  366 
Rat-flea,  common,  44!) 
Rat-trypanosome,  3»iu 
Rats,  infective  jaundice  transmitted  by, 
366 
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Raynaud's  disease,  neuritis  in,  1016 

Reagents  tor  staining,  21 

Receptors,  478 

Rectal  temperature,  490 

Recurrent  fibroid  tumours,  256 

Red  degeneration  in  myomas,  298 

Red  thrombi,  137 

Redise,  387 

Relapsing  fever,  485,  486 

lice,  carriers  of,  447 
spirochetes  of,  365 
Remittent  fever,  485 
Renal  colic,  causes  of,  906 

dropsy,  125 

phthisis,  914 
Repair,  205 

epithelial  cells  in,  210 

granulation-tissue  in,  208 
Residues,  embryonic,  270 
Respiratory  system,  changes  in,  in  fever, 
493 

diseases  of,  660 
"  Resten  "   theory  (Cohnheim's)  of   tu- 
mour-growth, 270 
Retention  cysts,  344,  830 
Retention-pneumonia,  695 
Retrograde  embolism,  147 
Retrogressive  precesses  general,  28 
Rhabdomyoma,  299 

congenital,  of  heart,  533 
Rheumatic    and    rheumatoid    arthritis, 
chronic,  1051 

fever  and  arterial  lesions,  555 
Rheumatism,  acute,  508,  528 
Rheumatoid  arthritis,  1051 
Rhinitis,  661 

acute,  661 

hypertrophic,  662 
Rhinoliths,  663 
Rhizopoda,  350 
Ribbert's  "  tissue-tension  "  hypothesis  of 

tumour-growth,  270 
Rickets,  1020 

aetiology  and  morbid  anatomy,  1020, 
1021 

deformities  of  bones  due  to,  1024 
"  Rider's  bone,"  248,  266,  1037 
Rigor  mortis,  87 

muscle,  clot  in,  87 

onset  of,  87 
Rigors,  in  malaria,  484 
Rind  tumours,  311 
Rocky  Mountain  tick  fever,  442 
Rodent  ulcer,  324 
Rostellum  of  tapeworms,  399 
Round  worms,  414,  415 
Rupture  of  muscles,  1058 

of  tendons,  1066 
Russell's  fuchsin  bodies,  04,  275 


Saccular  aneurisms,  557 

Sacral  kidney,  864 

Sago-waxy  spleen,  61 

Salivary  calculi,  743 

glands,  diseases  of,  743 
granuloma  t  a.  of,  743 
inflammation  of,  743 
tumours  and  cysts  of,  744 


Salt-dyes,  21 
Salts,  inorganic,  18 
Sand-flea,  450 
Sarcocystis,  385 
Sarcodina,  350,  351 
Sarcoma,  282,  301 

alveolar  and  plexiform,  336 
angiolithic,  339 
blood-changes  in,  625 
carcinomatodes,  336 
cells  in,  260 
classification  of,  302 
infective,  270 

of  dog,  267 
melanotic,  75,  308 
"  oat-celled,"  306 
of  bone,  1048 
of  brain,  987 
of  breast,  942 

round  and  spindle-celled,  302 
round-celled,    area    of    necrosis  in, 

101 
shewing  pigmentation,  75 
Sarcomata,  melanotic,  75,  308 
Sarcomatous  transformation  in  cancers, 

339 
Sarcopsillidse,  448 
Sarcopsylla  penetrans,  450 
Sarcoptes  scabiei,  439 

scabiei-crustosae,  440 
Sarcoptidse,  439 
Scabies  Norvegica,  440 
Scarlet  red  stain,  44 
Scar-tissue,  formation  of,  210 
Schistosomiasis,  391 

intestinal,  395,  783 
toxaemic  stage  of,  394 
localised  lesions  of,  394 
Schistosomidee,  391 
Schistosomum  cattoi,  397 
haematobium,  386,  391 
incidence  of,    394 
morphology  of,  391 
japonicum,  397 
mansoni,  395 
Schizogony  in  coccidia,  371 
multiplication  by,  379 
Schizont,  371 

in  malaria,  379 
Schiiffner's  dots    in    malaria    parasite, 

376 
Scirrhus  cancer,  331 

of  breast,  943,  946 
Sclerosis,  disseminated  or  insular,   l(X 
lateral,  amyotrophic,  1004 
of  brain,  983 

of  spinal  cord,  secondary.  1010 
primary,  lateral,  1006 
subacute,  oombined,  J  *  m  i  G 
See  also  Arterio-sclerosis 
Scolex  of  tapeworms,  399 
Sconces  in  hydatid  cysts,  development 

of,  -to: 
Scoliosis,  1045 

due  to  rickets,  1026 
Scorbutus,  627 
Scrotum,  disease  a  of,  931 
Scurvy,  027 

infantile,  627,  1027 


1096 


INDEX 


Scurvy-rickets,  1027 
Seat-worm,  410 
Secretions,  internal,  832 
Senile  arthritis,  1054 

atrophy,  1 1 1 
Senility,  premature,  111 
Sequestrum  in  necrosis,  105 
Sera,    cytotoxic,    specific    in    malignant 

disease,  284 
Serum,  antibacterial,  405 

See  also  Antibacterial  Serum 
Serum,  antitoxin  or  antitoxic,  457 
blood-,  408 
cytolytic,  409 

hypothesis  of  immunity,  477 
inactivated  immune,  400 
in  blood-plasma,  508 
Serum-albumins,  508 
Serum,  blood-,  509 
Serum-disease,  482 
Serum-globulins,  508 
Sex  factor  in  tumours,  204 

influence  in  atrophy,  112 
Sexual  organs,  cells  of,  10 
Shiga's  bacillus  in  bacillary  dysentery, 

772 
"Side-chain"  theory   of   Ehrlich,    402, 

478 
Siderosis,  80,  702 
Sigmoid  kidney,  802 
Silicosis,  80,  700,  702 
Silver-poisoning,  chronic,  pigmentation, 

80 
Sinuses,  cerebral,  thrombosis  of,  950 
Skin,  epitheliomata  of,  200 

papillomas  of,  310 
Skin-grafting,  268 
Skull,    bones   of,   effects    of    rickets   on, 

1027 
Sleeping      sickness,      parasite      causing, 

300 
Smoker's  cancer,  205 
Soap-albumin,  35 
Soap  calcium,  93 

sodium  and  potassium,  34 
Soaps,  solubility  of,  43 
Soft  palate,  diseases  of,  739 
Soldiers'  spots,  cardiac,  502 
Solitary  kidney,  803 
Solubility  of  fatty  substances,  43 
Somatic  colls,  reversion  of,  274 
"  Sore  throat,"  740 
Sparganum,  413 
Spastic  paraplegia,  1000 
Spermatic  cord,  diseases  of,  930 

hematocele      or     hematoma      of, 

930 
hydrocele  of,  930 
Spiders  ami  mites,  439 
Spina     bifida,    closed    and    open,     992, 

993 
Spinal  ataxia,  hereditary,  1009 

cord,   and   membranes,   diseases   of, 
991 
calcareous      degeneration      of, 

993 
concussion  of,  995 
congenital      abnormalities      of, 
991 


Spinal    cord,     degenerative    conditions, 
1002,  1010 
grey  degeneration  of,  1010 
haemorrhage  into,  995 
inflammation  of,  995 
of  dura-mater,  993 
of  pia-mater,  994 
injuries  of,  995 
parasites  in,  1012 
sclerosis  of,  1004,  1005,  1000 

secondary,  1010 
syphilis  of,  995 
tuberculosis  of,  994 

associated    with    cari' 
vertebrae,  994 
tumours  of,  1012 
Spine,  caries  of,  994 
curvature  of,  1044 
softening  of,  1020 
Spirochgeta,  304 
berbera,  305 
carteri,  305 
duttoni       of      African      tick-fever, 

305 
(Leptospira)        icterohaemorrhagiae, 

300 
morsus  murium,  300 
novyi,  305 
obermeieri,  305 
pallida,  234 

in  arteries,  551,  552 
of  syphilis,  304 
or  pallidula,  240 
pertenuis  of  yaws,  305 
pettiti,  300 
recurrentis,  305 
rossii,  305 
schaudinni      of      ulcus     tropicum, 

308 
vincenti    of    fusi-spirochaetal   infec- 
tions, 307 
Spirochsetes  of  relapsing  fever,  305 
Spirocheetosis,  305 
French,  300 
h;emorrhagica,  300 
icterigenes,  820 
ictero-haemorrhagica,  8 IS,  819 
ticks  carriers  of  infection,  442 
Spirotrichon  beurmanni,  243 
Spleen,  accessory,  G4S 

active  hyperaemia  or  acute  conges- 
tion of,  054 
animal  parasites  in    057 
atrophic  changes  in,  049 
conditions  in  syphilis,  050 

in  Hodgkin's  disease.  643 
changes  in,  in  lymphatic  leukaemia, 
010 
in  myelogenous  leukaemia,  007 
in  pernicious  anemia,  622 
related  to  surface  and  pern 
in\  estment  of.  6  19 
chronic  venous  congestion  in,  I 
rtinoanon  of,  I 
enlargements  of,  058 
hyaline  degeneration  of,  051 
hydatid  cysts  in,  057 
in  acute   toxic  and  septic  diseases, 
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Spleen,  in  malaria,  384 

infarction  of,  154,  653 

injuries  to,  649 

leprosy  and,  656 

malarial  and  other  protozoal  para- 
sites in,  657 

malformations     and     malpositions, 
648 

movable  or  wandering,  649 

pigmentation  and  phagocytosis  in, 
651 

post-mortem       discoloration       and 
pseudomelanosis,  652 

removal  of,  660 

sago-waxy,  61 

shewing  chronic  venous  congestion, 
132 

suppuration  in,  655 

tuberculosis  of,  655 

tumours  of,  657 

vascular  derangements  of,  58,  652 

waxy,  diffuse,  54,  61 

waxy  or  amyloid  degeneration,  58, 
61,  649 
Splenectomy,  659 
Splenic  anaemia,  657 
Spleniculi,  648 

Splenitis,  interstitial,  chronic,  655 
Splenomegaly,  Gaucher's,  660 

polycythemic,  660 

primary,  657 
Splenunculi,  648 
Spondylitis  deformans,  1054 
Spongioplasm,  2,  4,  7 
Sporoblast,  351 
Sporoblasts  in  coccidia,  372 

in  malaria,  380 
Sporocyst,  387 
Sporocysts  in  malaria,  380 
Sporogony  in  coccidia,  371 
Sporont,  371 
Sporonts  in  malaria,  379 
Sporotrichosis,  243 
Sporozoa,  350,  663 

coccidia,  370 
Sporozoites,  351 

in  coccidia,  372 

in  malaria,  380 
Sputum  in  pneumonia,  691 
Staining     properties     of     various     cell- 

elements,  20 
Stains  for  demonstration  of  fat,  43 

Nile-blue,  45 

scarlet  red,  44 

Sudan  III.,  44,  93 

van  Gieson's,  66 
Stallion's  disease,  360 
Starvation  causing  atrophy,  111 
Stasis  in  inflanmiat  ion,   I  63 

Status  lymphaticus,  647 
Stenosis,  mitral,  514 

of  aorta,  499,  S  I  7 

of  oesophagus,  7  16* 

pulmonary,  51  8 
congenital,  498 

pyloric,     congenita]     hypertrophic, 
747 

subaortic,  4W 

tricuspid,  517 


Stercoral   ulceration    of   large   intestine, 

767 
Still's  disease,  1053 
Stomach,  acute  congestion  in,  748 

atrophy  and  degenerations  of,  755 
cancer  of,  755,  757 

leucocytosis  in,  624 
relation    to   ulcers  of  stomach, 
755 
catarrh  of,  chronic,  750 
circulatory  disturbances  in,  748 
cirrhosis  of,  758 

dilatation  and  hypertrophy  of,  755 
diseases  of,  746 
displacements  of,  748 
fibromatosis  of,  758 
haemorrhage  in,  748 
hour-glass  contraction  of,  747 
inflammation  of,  750 
malformations  of,  747 
malpositions,  748 
passive  hyperaemia  in,  748 
post-mortem  changes,  746 
syphilis  of,  756 
tuberculosis  of,  756 
tumours  of,  757 
ulcers  of,  751 
acute,  751 
follicular,  751 
simple  or  peptic,  751 
effects  of,  754 
healing  of,  755 
venous  congestion  in  chronic,  748 
Stomatitis,  forms  of,  736 
aphthous,  735 
gangrenous,  735 
Stone-masons'  lung,  86,  700 
Streptothrix  actinomyces,  240 
asteroides,  241 
infection,  other  forms  of,  241 
madurae,  241 
Stricture  from  gastric  ulcers,  755 

of  urethra,  927 
Strobila  of  tapeworms,  399 
Strongylidse,  417 
Strongylus  duodenalis,  418 

gigas,  417 
Subaortic  stenosis,  499 
Sub-arachnoid  haemorrhage,  970 
Sub-dural  haemorrhage,  970 
Sub-phrenic   or   sub-diaphragmatic    ab- 
scess, 786 
"Sucking  worms,"  386 
Sudan  III.  stain,  44,  93 
Sugar  tolerance,  83 1 
"Sunburn,"  72 
Sunlight,  influence  of,  12 
Sunstroke,  490 

Suppurative  inflammation,  201 
Suprarenal  <>r  adrenal  bodies,  B48 
accessory,  s to 
acute  changes  in,  851 
anatomy  of,  s  19 
at  rophy  < '!'.  s">  l 
ohanges  in,  v 
development,  and  function  <>t". 

848 
developmental     abnormalities, 
849 
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Suprarenal  or  adrenal  bodies,  diseases  of, 
848 
extract,  848 

fatty  degeneration  of,  851 
fibrous  atrophy  of,  chronic,  85 
inclusion  of,  in  kidney,  865 
secretions  of,  848 
syphilitic  changes  in,  851 
tuberculosis  of,  851 

with     caseation,     chronic, 
853 
tumours  of,  853 
waxy  or  amyloid  degeneration, 
851 
Suprarenin,  848 
"Surgical  kidney,"  885 
Surra,  trypanosome  evansi  in,  361 
Swarm-spores  in  protozoa,  349 
Syncytioma,  282 

malignum,  342 
Synkaryon,  350 

in  malaria,  380 
Synostosis,  1020 
Syntoxoid,  460 
Syphilis,  234 

caseation  in,  104 

conditions  of  spleen  in,  657 

congenital,  239 

method    of    infection    and    spread, 

236 
morbid    anatomy     and     histology, 

236 
of  arteries,  551 
of  bone,  1043 
of  brain,  986 
of  breast,  936 
of  heart,  531 
of  intestines,  780 
of  joints,  1056 
of  kidney,  916 
of  larynx.  665 
of  liver, 
of  lungs,  703 

of  membranes  of  brain,  959 
of  mouth,  73 
of  muscles,  LO 
of  nose,  663 
of  pancreas,  830 
of  pharynx,  7  \2 
of  spinal  oord,  995 
of  stomach,  756 
of  testicle,  929 

of  thyroid  gland,  - 

of  trachea,  666 

of  veins,  563 

primary  Lesion  or  chancre,  236 

secondary  lesions  of,  236 

spirochete  pallida  of,  364 

tertiary  lesions  of, 
Syphilitic  changes  in  suprarenale,  851 

dactylitis,   104  I 

epiphysitis,  1044 

lymphadenitis,  6  i" 
Syphonaptera,  4  18 
Syringomyelia,  991 
Syringomyelocele,  993 

Tabes  mesenterica,  226 

Tachycardia,  paroxysmal,  536 


Taenia  canina,  410 
cucumerina,  410 
echinococcus,  4<>i; 
inermis,  403 
lata,  412 
mediocanellata,  403 

nana, 406 
Baginata,  403 
solium,  401 
Tseniidse,  401 
Talipes      varus,      valgus,     equinus      and 

calcaneus,  1049 
Tapeworms,  398 

broad,  412 
Tardieu's  spots,  502 
Tattooing,  pigmentation  in,  86 
Teeth,  caries  of,  738 

diseases  of,  738 
Telophase  of  mitosis,  12,  14 
Telosporidia,  351 

Temperature,  age  and  clothing  in  rela- 
tion to,  491 

body,  rise  of,  483,  486 

cold,  493 

effect  of  external  temperature  and 
moisture,  489 

effect  of  food  on,  488 

extremes  of,  causing  necrosis,  97 

normal,  488 

regulation  of.  491 
Tendon-sheaths,  diseases  of,  1066 

haemorrhage  into,  1066 

inflammation  of,  1066 
Tendons,  calcification  of,  1066 

diseases  of,  1066 

displacements  of,  1066 

gouty  deposits  in,  1066 

rupture  of,  1066 

tumours  of,  1067 
Teno-synovitis,  1066 
Teratoid  tumours,  272,  34  l> 
Teratomata,  272,  279,  280,  342 
Testicle,  chorion-epithelioma  of,  930 

diseases  of,  928 

inflammation  of,  929 

malformations  of,  929 

malpositions  of,  928 

syphilis  of,  929 

tuberculosis  of,  929 

tumours  of,  343,  929 

undescended,  928 
Tetania  parathyreopriva,  846 

Tetanus  antitoxin,  464 

Tetany,  gastric,  75] 
Tetramitus,  369 

Texas  or  red-water  fever  in  cattle,  442 
Thiersch  hypothesis,  270 
Thread-worms,  4  1 4.  416 
Thrombi,  ball-,  characters  and  ritual 
of,  141 

in  arteries,  cause  of,  143 
characters  of,  I  13 

in  heart,  characters  of,  141,  51 9 

situation  of,   14  1 

in  veins,  cauai  b  i  »f,  1  12 

situations  of,   142 
marantic.   I  !_' 
parietal.    I  J.". 

varieties  of,  137 
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Thrombocytes,  139,  579 
Thrombo-kinase,  composition  of,  138 
in  thrombus-formation,  138 
Thrombo-phlebitis,  563 
Thrombosis,  540 
capillary,  143 
causes  of,  122,  137 
infarction  due  to,  159 
in  necrosis,  96 
of  brain,  968 
of  cerebral  sinus,  950 
of  hepatic  artery,  796 
of  portal  vein,  795 
of  varicose  veins,  561 
Thrombus,  changes  in,  143 
organisation  of,  219 
pale  or  white,  137,  138 

blood-platelets  forming,  138 
Thrombus-formation,  causes  of,  I'M 
diagram  of,  140,  164 
experiments  in  regard  to,  139 
red  characters  of,  137 
scheme  of,  139,  141 
Thrush,  735 

discoloration  in,  89 
Thymus  gland,  diseases  of,  847 
"  Thyrine,"  834 
Thyroid  gland,  abscesses  of,  835 
accessory,  835 
atrophy  of,  835,  843 
changes  in,  in  exophthalmic  goitre, 

838 
cloudy  swelling  of,  835 
colloid  substance  in,  48,  50 

disease  of,  obesity  in,  47 
congenital  abnormalities  of,  835 
diseases  of,  832 

enlargements  and  tumours  of,  835 
physiology  and  histology  of,  832 
secretion  influence  on  hypertrophy 

249 
secretion  of,  834 

absence  of,  842 
structure  of,  833 
syphilis  of,  835 
tuberculosis  of,  835 
waxy  or  amyloid    degeneration  of, 
835 
Thyroidectomy,  effects  of,  843 
Tick-fever,  African,  spirochseta  duttoni 

causing,  365,  442 
Ticks,  442 

carriers  of  infection,  365 
Tissues,  accumulation  of  fluid  in,  127 
cmbryogenetic  relationship  of,  281 
healthy,  transplantation  of,  268 
intermingling  of,  272 
over-activity      of,      in     secondary 
anaemia,  615 
Tissue-tension,  hypothesis  (Ribbert's)  of 
tumour  mow  tli,  !*:(» 

Titration  experiments,  472 
T.N.T.  poisoning,  effects  on  liver.  798 
Tongue,  atrophy  of,  736 
aerations  of,  738 

^furred,"  3 

inflammation  of, 

lymphatism  of,  735 
Tonsillitis,  742 


Tonsils,  bacilli  tuberculosis  in,  226 

diseases  of,  739 
Tophi,  nature  of,  68 
Toxic  neuritis,  1015 

Toxin  and  antitoxin,  nature  of  antagon- 
ism between,  458 
chemical  hypothesis,  459 
physiological  hypothesis,  459 
colloid  hypothesis,  461 
Toxins,  cloudy  swelling  due  to,  31 

preparation  of,  4~,7 

toxicity  of,  456 
Toxoids,  460 
Toxons,  460 
Toxophore,  462 
Trachea,  compression  of,  666 

diseases  of,  666 

inflammatory  conditions  of,  666 

syphilis  of,  666 

tuberculosis  of,  666 

tumours  of,  667 
Transfusion  of  blood,  "  types"  suitable, 

571 
Transplantation  of  healthy  tissues,  268 
Trematoda,  386 

larval  stage  of,  388 

life-cycle  of,  386 
Trench  fever,  lice  carriers  of,  447 

nephritis,  888,  904 
Treponema   pallidum   of   syphilis,    234, 
364 

pertenui  of  yaws,  365 
Trichina  spiralis,  425 
Trichinella  spiralis,  425 

pathological     effects     in    man, 
426 
Trichinellidse,  423 
Trichiniasis,  parasite  causing,  425 
Trichinosis,  parasite  causing,  42.") 
Trichocephalus  dispar,  423 

hominis,  423 

trichiuris,  423 
Trichomona  intestinalis,  368 

vaginalis,  369 
Trichomonas,  368 
Trichuris  trichiura,  423 
Tricuspid  incompetence,  518 

stenosis,  517 
Triglycerides,  17 
Trophozoite,  351 

Trophozoites  in  malaria,  .**<<> 
Tropical  abscess  of  liver,  802 
Trypanoplasma,  362 
Trypanosoma  brucei  of  Nagana,  360 

transmitted  by Glossina  morei- 
1  ;u is,  361 
equiperdum  of  Dourii 

Of  Mai  de  cad 

evansi  of  Surra,  3 

transmitted  by  Qlossina  palpalis, 
361 
Lewisi,  360 

rh<<  :{•>  1 

transmit  ted  by  glossina    I 

tans . 
Trypanosomata  oi  trypai 

blepharoplast  or  kinetic  m. 

361 
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Trypanosomata,  crithidial  forms  in  de- 
velopment, 362 
cultivation      in      artificial     media, 

362 
development  in  insect-carrier,  362 
flagellum  of,  361 
morphology  of,  361 
resting  or  non-flagellate  forms 

of,  361 
trophic  nucleus  of,  361 
undulating  membrane  of,  361 
Tse-tse  fly,  development  of  trypanosomes 

in,  362 
Tubercle  bacilli  in  glands,  639 
Tubercle-follicles,  229 
Tuberculosis,  225 

caseation  in,  103 

cellular     zone    surrounding    bacilli, 

228 
distribution  of,  226 
extension  of,  in  body,  227 
geni  to -urinary,  914 
infection  by  abrasions  or  wounds  of 

skin,  227 
in  lower  animals,  233 
macroscopical  appearances,  232 
of  bone,  1041 
of  brain,  985 
of  breast,  936 
of  endocardium,  513 
of  heart,  531 
of  intestines,  778 
of  kidney,  912 
of  larynx,  665 
of  liver,  811 
of  lungs  and  pleura, 
of  lymphatic  glands, 
of  mouth,  737 
of  muscles,  1065 
of  nose,  662 
of  pancreas,  830 
of  peritoneum,  786 
of  pharynx,  742 
of  pleura,  72!) 
of  prostate  gland,  933 
of  spinal  cord,  994 

associated  with  caries  of  verte- 
bra, 994 
of  spl<  tn,  655 
of  stomach,  756 
of  suprarenale,  *51 
of  testicle,  929 
of  thyroid  gland,  835 
of  trachea,  666 
proliferative  fibrous  over-growth  in, 

232 
route  of  infection,  226,  227 
sources  of  infection,  226 
temperature  in,  \ ^'< 
Tuberculous  disease  of  artei 
dt  joints,  1056 

pine,  994,  1042 
of  veins, 
nutations  in  spinal  cord, 
leptomeningitis,  9 
meningitis,  " 
myocarditis,  529 
pachymeningil  is, 
pericarditis, 


705 
635, 


638 


Tuberose  sclerosis,  301 

of  brain,  988 
Tumours,  252 

adenoma,  311 
adeno-myoma,  299 
aetiology  of,  263 

general   conclusions   regarding, 

276 
age  factor  in,  263 
anaplasia  of  cells  in,  260 
angioma,  318 
autochthonous,  273 
blastomata,  280,  286 
blood-changes  in,  623 
blood-vessels  of,  261,  262 
cancer,  323 
capsule  of,  261 
cells  in,  259 

chemical  irritants  causing,  266 
chemistry  of,  283 
chloroma,  310 
chondroma,  290 
chordoma,  292 
chorion-epithelioma,  342 
chorionic  carcinoma,  342 
classification  of,  279,  285 
component  structural  elements   of, 

259 
connective-tissue,  286 
cystic,  271 

contents  of,  314 
true,  344 
deciduoma,  342 
degenerative  changes  in,  257 
developmental  intermingling,  271 
endothelial,  318 
endothelioma,  malignant,  336 
environment  and,  2<if> 
experimental     transplantation      of, 

269 
of   healthy   tissues,   results    of, 

268 
fibro-epithelial,  312 
fibroma,  286 
formation    of,  parasitic    hypotheses 

of,  274 
glioma,  300 
glio-sarcoma,  300 
growth    and    method     of   spread, 

255 
Cohnheim's    embryonal    hypo- 
thesis, 27(1 
Elansemann's      hypothesis     of 

anaplasia,  274 
hypothesis    of    Waldeyer    and 

Thiersch,  270 
Kil.i  ■•  t  issue-tension 

hypothesis  of,  270 
hflsmangioma,  :*  l  !• 
haemorrhages  int<>  or  from,  - 
heredity  factor  in.  26  t 

lieteioclithonolis.    2 

histiotd  <>r  organoid,  2 

inclusion     <>t'      one     H  individual  " 

within  tissues  of  another,  272 
in  testicle,  343 
intercellular  material  of,  26 1 
law     of     "homologous     growths," 

258 
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Tumours,  leiomyoma,  296 

lepidomata  or  rind  tumours,  311 

transitional  atypical,  336 
leucocytes  in,  262 
lipoma,  290 

local  irritation  causing,  265 
lymphangioma,  321 
lymphatics  in,  261 
lymphoma,  294 
lympho-sarcoma,  295 
macroscopical  examination  of,  278 
malignant  hylomata,  pulp-tumours 
or  sarcomas,  301 

primary    and    secondary    lepi- 
domata, 322 
malignant  mesothelioma,  endothe- 
lioma and  perithelioma,  309 
melanoma,  308 
mesothelial,  318 
mesothelioma,  malignant,  336 
metaplasia  in,  259 
microscopical  examination  of,  277 
morphology  and   histological  char- 
acters of,  254 
mucoid  degeneration  in,  52 
multiple,  258 
myeloma,  293,  308 
myoma,  296 
myxoma,  288 
nerve-fibres  in,  261 
neuroma,  301 
nomenclature  of,  279 
occupation  factor  in,  265 
odontoma,  293 
of  bone,  1045 
of  brain,  987 
of  breast,  937,  939,  942 
of  bronchi,  674 
of  heart,  532 
of  intestine,  782 
of  jaw,  739 
of  kidney,  916 
of  larynx,  666 
of  liver,  812 
of  lung,  721 

of  lymphatic  glands,  645 
of  meninges,  960 
of  mouth,  737 
of  muscles,  1065 
of  nose,  663 
of  oesophagus,  746 
of  penis,  931 

of  peripheral  nerves,  1017 
of  peritoneum,  787 
of  pharnyx,  743 
of  pleura,  731 
of  prostate  gland,  933 
of  salivary  gland,  7  1 1 

of  spinal  cord,   1012 

of  spleen,  ,;~>7 

of  stomach,  T.")7 

of  suprarenale,  s 

of  tendon,  1067 
of  testicle,  0 

of  trachea,  <'>ii»'> 

of  urethra.  927 

of  veins,  563 
>ma,  292 

papilloma,  314 


Tumours,       perithelioma,       malignant, 
363 

phagocytosis  in,  262 

placentoma,  342 

production  of,  by  direct  mechanical 
injuries,  268 

purely  cellular,  279 

race  factor  in,  264 

rapidity  of  growth  of,  256 

rhabdomyoma,  209 

rodent  ulcer,  324 

sarcoma,  302 

sex  factor  in,  264 

simple     and     malignant,     relative 
differences  between,  27f> 

simple  mesothelioma  and  endothe- 
lioma, 322 

site  of  origin,  278 

special  varieties  of,  285 

specific  cytotoxic  sera  in,  284 

spontaneous  retrogression  in,  256 

spread  of,  257 

by  infiltration,  257 
by  metastasis,  257 
secondary,  mechanism  of,   257 

syncytioma  malignum,  342 

synopsis  of  varieties  of  cysts,  344 

teratoid,  342 

teratomata,  279,  280,  342 
Tunnel-disease,  parasite  causing,  418 
Turbellaria,  386 
Turbid  swelling,  30 
Turners'  lung,  702 
Typhlitis,  768 
Typhoid  fever,  774 

diagnostic  methods  in,  470 

osteitis,  1032 

temperature  in,  485 
Typhus  fever,  lice  carriers  of,  447 
Tyrosine  in  tumours,  283 


Ulcer  and  Ulcers 

alcoholic,  751 

formation  of,  201 

healing  process  in,  211 

lymphomatous,  646 

of  duodenum,  753,  768 

of  stomach,  751 

rodent,  324 

tropical,  spirochete  causing,  368 

varicose,  133 
Ulceration,  chronic  and  epitheliomatous, 

266 
Uncinaria  americana,  423 

duodenalis,  1 1  s 
Unicellular  organisms,  2 
Units,  biological,  1 
Urate-calculi,  925 
Urates,  deposits  of, 
Ureters,  abnormalities 
Urethra,  calculi  in.  927 

^ioAaflflfl  ,  .f,   0 

inflammatory  lesions  ,,f.  9 
injuries  to.  9 
malformation-  i  >f,  926 

1 1  ni'-t  ure  of.  927 
bring  <>f.  9 


tumours  <>f.  '•*: 
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Urethral  caruncle,  927 
Urethritis,  926 

Uric  acid,  amount  of  in  blood  and  urine, 
67 
and  urates,  chemical  tests  for, 

69 
calculi,  924 

deposits,  analysis  of,  68 
Urinary  bladder,  diseases  of,  919 
calculi,  924 

system,  changes  in,  in  fever,  494 
Urticaria,  due  to  dracunculidee,  429 
Uterus,  leiomyomas  of,  296 
myomas  in,  298 

Vaccination,  increase  of  immunity  by, 
453 

Vaccines,  455 

Vacuoles,  8 

digestive,  8 
englobed,  8 

Vagus-pneumonia,  095 

Valvular  disease  of  heart,  514 

van  den  Bergh  test,  80 

van  Gieson's  stain,  66 

Varicocele,  562,  930 

Varicose  aneurism,  560 

ulcers  in  chronic  venous  congestion, 
133 

Varicosity  of  veins,  561 
production  of,  1  32 

Varix,  aneurismal,  559 

Vascular  phenomena  in  inflammation, 
163 

Vaso-constrictor  paralysis  and  vaso- 
dilator stimulations,  hyperemia  due 
to,  161 

Vasomotor  disturbance,  oedema  due  to, 
126 

Vegetable  toxins  and  ferments  in  necrosis, 

Veins,  degenerations  in,  563 

dilatation  and  varicosity  of,  560 
causation,  561 
pathological  anatomy,  561 
Mt  nations  most  common,  562 
diseases  of,  560 
granulomata  of,  563 
inflammation  of,  562 
Bpread  of  t  umoun  by,  258 
syphilis  of,  563 
thrombosis  in,  1  12 
tuberculosis  of,  563 
tumours  of,  563 
Vein-stones,  661 
Venous  congestion,  chronic-,  129 

backward  pressure  in,  1 30 
effects  on  laiu  I  32 

effects  on  nutrition  of  tic 

133 
effects    on    smaller    veins    and 

capillaries,  133 
of  liver,  131 
valvular  disease  of  heart,  i 

L29 
veins  usually  affected,  130 

varicosity  in,  132 
engorgement,  acute,  122,  676 
causes  of,  121 


Venous  engorgement,  general  and  local, 
121 
phenomena  and  effects  of,  122 
obstruction,    chronic,    haemorrhage 
in,  133 
Ventricular  haemorrhage,  973 

hypertrophy,  530, 
Ventriculitis,  endo-,  955 
Venules,  small,  diseases  of,  538 
Vermes,  helminthes  or  worms,  346,  386 
Vermicule  in  malaria,  380 
Vertebrae,  softening  of,   due   to  rickets, 

1026 
Vessels,  healing  in,  219 
Vincent's  angina,  741 
Vincent's  disease,  spirochaeta  causing,  367 
Viscera,     abdominal,     transposition     of, 

748,  749 
Vitamines,  1021 
Voluntary  muscle,  healing  of,  233 

See  also  Muscle 
Volvulus  of  intestine,  762 
von     Recklinghausen's     disease,     287, 

1017 
Vulvitis,  gangrenous,  106 


Waldeyer     and     Thiersch's     hypothesis 

regarding  tumour-growth,  270 
Warts,  pigmented,  308 
Wassermann  reaction,  469 
Water-itch,  parasite  causing,  418 
Waxy  or  amyloid  degeneration,  53,  827 
aetiology  of,  54 
albuminous  nature  of,  55 
changes  in  organs  produced  by, 

60 
conditions  associated  with,  54 
course  and  results  of,  63 
differential  diagnosis  of,  64 
effects  on  parenchymatous  cells 

of  organs,  64 
effects  on  the  vessels,  63 
microscopical  distribution  of,  in 
affected  organs,  62 
of  endocardium,  507 
of  kidney,  873 
of  liver,  800 
of  lymphatics,  632 
of  muscles,  1058 
of  spleen,  58,  649 
of  suprarenals,  851 
of  thyroid  gland.  B 

ms  nio.st  frequently 

experimental    production 
of. 

nature  <>i  change  in, 
staining  reactions,  etc.,  in, 

Weil's  disease,  BIO 
pan 

Wells  on  the  pathology 

Wernicke's  disease,  1001 

Wharton's  jelly.  5] 

Whipworm,  eomn 

Widal  reaction . 

"Womb-stones,"  90,  298 

M  Woody  tongue,"  in  aotinomyo  -  is,  2  M) 

Wool-sorters'  disease,  ' 
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Worms,  346 

parasitic,  386 
Wound-healing,  206 

fibroblasts  in,  209,  214,  217 

of  an  ulcer,  211 

vascular  changes  in,  207 
Wright's  observations  on  opsonins,  474 

Xanthelasma,  lipochromes  in,  76 
Xanthoma,  lipochromes  in,  76 
Xenopsylla  cheopis,  449 


X-ray  dermatitis,  267 

Yaws,  240 

spirochaeta  pertenuis  of,  365 


Zenker's  degeneration  of  muscle,  25,  10 1» 

102,  103,  1058 
Zones  of  cytoplasm,  7 
Zooparasites,  346 
Zygotes  in  malaria,  380 
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